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The Seals Book 


This handbook on seals, packings and gaskets is designed to provide 
design engineers with a single source of authoritative and useful informa- 
tion which is needed almost daily to solve sealing problems. The aim has 
been to present each subject in the most convenient and time-saving man- 
ner. To accomplish these objectives, emphasis is placed wherever possible on 
data in the form of tables, charts and graphs that are immediately useful in 
selecting and applying seals, packings and gaskets for a specific purpose. 
Although all sealing variations may not be covered, the principles and 
practices presented here apply to the vast majority of sealing problems. 


How to use.... 


The Seals Book can be used in many ways, depending upon the type 
of problem to be solved. This volume has been systematically arranged 
in two major divisions, Design Data and Product Directory, to give the 
answers to four basic questions: 1. Which seal should be used for a 
given purpose? 2. What factors should be considered in applying it? 
3. Where can it be purchased? 4. What additional information is needed 
for specification. 

In the Design Data section, chapters on the most common sealing 
devices discuss applications for which each seal is best suited and factors 
which affect its proper application. Chapter 1 provides an introduction 
to seals. Chapters 2 through 11 cover dynamic seals, while Chapters 
12 through 14 cover static seals. Chapter 15 contains a glossary of terms 
and a compilation of standards. 

The Product Directory is set up in eight sections according to product 
categories. In each section, editorial and advertising pages have been in- 
tegrated and cross-referenced to provide complete, self-contained in- 
formation packages. The editorial portion of this package gives de- 
scriptive information on seals and where they can be obtained. The 
advertising portion contains much of the information needed for speci- 
fication of a company’s sealing product. Also included in the Product 
Directory are alphabetical lists of seal manufacturers and tradenames. 
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Introduction 








HREE words that go together are 
gaskets, packings, and seals. They 
are sometimes considered synonymous. 
However, by almost universal consent 
they have assumed more specific mean- 


Ings 


Seal—Any means of preventing migra- 
tion of fluids, gases, or particles across 
a joint or opening in a vessel or an as- 


sembly 


Packing—A dynamic seal, used where 
some form of relative motion occurs be 
tween rigid members of an assembly. 
(However, self-contained, metal-encased 
closures for rotating shafts are commonly 


called seals.) 


Gaskets—A static seal, used where there 
is no relative motion between joined parts. 
(However, material from which a gasket 
is produced may properly be called sheet 


packing.) 


—" 
Objectives 
Four major objectives must be con 
sidered when contemplating seal applica- 
tions 
Prevent the esx ape of fluid 
2. Prevent the entry of foreign 
from outside 
Make provision for easy installa 
tion and removal of the sealing 
device 
4. Achieve all the above in the 
cheapest possible way 
Frequently, only the first item is con- 
sidered, but the others are equally im- 
portant. It is sometimes impossible to 
satisfy all these requirements fully; it 
is usually necessary to make a compromise 
The wisdom of the compromise will be 
reflected in the overal) effectiveness of 
any particular design 


Static vs Dynamic Sealing 


The first question in 


selecting the 


proper seal is whether the application is 
static or dynamic. To meet the require- 
ments of a static application, there must 
be no relative motion between the join- 
ing parts or between the seal and the 
mating part. If there is any relative mo- 
tion, the application must be considered 
dynamic, and the seal selected according- 
ly. 

Chapters 2 through I! treat seals and 
packings used primarily for dynamic ap- 
plications, while Chapters 12 through 14 
cover gaskets meant primarily for static 
use. 

Dynamic Seals: Dynamic-sealing prob 
lems usually require control or preven- 
tion of fluid leakage between moving 
parts. There are two main techniques: 
|. Controlled clearance. 2. Positive con- 
tact. 

Controlled Clearance: Representative of 
the controlled-clearance seals, which in- 
cludes all seals in which there is no 
rubbing contact between the rotating and 
stationary members, are throttling bush- 
ings and labyrinths. Both of these types 
operate by fluid-throttling action in nar- 
row annular or radial passages. 


Clearance seals are frictionless and very 
speed. 
They are chiefly effective as devices for 
limiting leakage rather than stopping it 
Although they are employed 
as primary seals in many applications, the 


insensitive to temperature and 


completely. 


clearance seal also finds use as auxiliary 
protection in applications. 
These seals are usually designed into 
the equipment by the designer himself, 
and they can take on many different 


contact-seal 


forms 

Advantages of this seal are that fric- 
tion is kept to an absolute minimum and 
that there is no wear or distortion dur- 
ing the life of the equipment. However, 
there are two significant disadvantages: 
The seal has limited use when leakage 
rates are critical, and it becomes quite 
costly as the configuration becomes 
elaborate. 


Positive Contact: Where positive con- 
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tainment of liquids or gases is required, 
or where the seal area is continuously 
flooded, the positive-contact seal is usual- 
ly recommended. If properly selected and 
applied, contact seals can provide zero 
leakage for most fluids. However, be- 
cause they are sensitive to temperature, 
pressure, and speed, improper application 
can result in early failure. These seals 
are applicable to rotating and reciprocat- 
ing shafts. In many cases, the positive- 
contact seals covered in subsequent chap- 
ters are available as off-the-shelf items 
In other instances, they are custom de- 
signed to the special demands of a par- 
ticular application. Custom design is of- 
fered by many seal manufacturers and, 
for extreme cases, probably offers the 
best solution to the sealing problem. 

Performance: The effectiveness of a dy- 
namic seal is measured by a simple stand- 
ard: If it doesn’t leak too much, too 
soon, it’s a good seal. To accomplish 
this end, the application must be correctly 
matched to the performance capabilities 
of the seal. Because the seal and serv- 
ice factors depend upon each other, the 
matching problem can be a difficult one. 

Certain service conditions are known 
with reasonable accuracy: Speed, fluid 
pressure, medium characteristics, etc. Other 
factors, such as shaft deflection, runout, 
and endplay, can be realistically estimated. 
But, these quantities can change sub- 
stantially during the life of the seal. 

In addition, several factors are hard to 
determine during design stages. An ex- 
ample is the temperature that exists at 
the rubbing surfaces of the seal. This 
temperature directly affects seal life. It 
depends not only on the temperature 
of the sealed fluid, but also on rubbing- 
surface lubrication and finish, seal con- 
tact pressure, and rate of heat transfer 
to and from the seal area. Experience 
with similar applications is a valuable 
guide to assessing these uncertain quanti- 
ties. 

Complicating the seal-selection problem 
is the fact that many operating factors 
are interdependent. The pressure-velocity 
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rating assigned by many seal manufac- 
turers is an obvious example. In gen- 
eral, allowable speed of a given seal 
type decreases as the pressure of the 
contained fluid increases. This, however, 
is not the whole story. Experience has 
shown that allowable speed depends not 
only on pressure, but also on tempera- 
ture, shaft finish, deflection, whip and 
endplay, and upon the actual lubrication 
that reaches the seal. These conditions 
are normally the responsibility of the 
seal user and are not controlled by the 
seal manufacturer. 

Problem Analysis: One of the first 
questions which must be answered in 
determining which seal should be used 
is whether oil or grease lubrication is 
employed. If oil is used, it must also 
be known whether the seal will be sub- 
jected to oil splash or submerged. If 
grease lubrication is to be adopted, seals 
of almost any type can be used. How- 
ever, with oil lubrication, clearance seals 
are effective only for light splash; lip- 
type seals are effective for splash condi- 
tions, but require careful design for sub- 
merged conditions; mechanical seals are 
applicable to submerged applications, par- 
ticularly when pressures are high. 

The degree of sealing efficiency and 
seal life required should be determined 
before a specific seal is considered. For 
example, some packings, clearance seals. 
and lip seals permit some leakage and 
should not be used when absolute seal- 
ing is necessary. Also the life of many 
seals will vary with the type of motion 
continuous, intermittent, or 
semicontinuous. Hence, the motion to 
which the seal is subjected should be 


involved; 


analyzed. 

System cleanliness, pressure, space 
limitations, and temperature are other fac- 
tors which should be considered in real- 
istically appraising seal requirements 

Space allowed for the seal is often the 
most controversial consideration. To the 
designer it may be the factor which com- 
pels him to select one class of seals over 
another. This decision should not be 
made lightly. Even when the space con- 
siderations dictate the seal choice, the 
maximum possible space should be al- 
lowed at an early stage of the design 
This insures that the most satisfactory 
sealing arrangement will result. 

Seal Selection: In succeeding chapters, 
seals are grouped in the following cate- 
gories: 

1. Felt seals. 
2. Oil-retainer or radial seals. 
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. Exclusion seals. 

. Clearance seals. 

. Mechanical or axial seals. 

. Ring seals. 

. Compression packings. 

. Molded packings and O-rings. 
. Diaphragms. 

It is possible to block out rough areas 
of use for these typical positive-contact 
seals. To this end, the type of motion 
and the pressure level of the application 
are good criteria. 

Felt seals, for example, are generally 
suited for use with shafts that either ro- 
tate or reciprocate. Radial seals and 
molded packings can similarly be applied 
to either type of motion. O-rings, while 
used on occasion in rotating service, find 
best application with reciprocating shafts. 

The design of conventional mechanical 
and floating-ring seals restricts applica- 
tion of these types to rotating shafts. 
Although compression-type packings have 
been applied to rotating shafts, they are 
usually reserved for high-pressure recipro- 
cating installations. 

The line dividing low and high-pres- 
sure service is not distinct. Felt seals 
and ordinary radial seals, for example, 
are usually restricted to use at near- 
zero pressure differentials. Therefore, a 
radial seal designated as a high-pressure 
model is rated at, say 150 psi. Even 
at such a modest pressure, a radial seal 
of this rating may be confined to use 
in low-speed service. 

In the next higher pressure range, the 
ring seal is generally capable of with- 
standing 20-30 psi per ring. By stack- 
ing rings, which is a conventional pro- 
cecure, the designer extends the pressure 
capability of this type to several hundred 
pounds per square inch. 

The mechanical seal is provided in 
balanced models rated to 1000 psi or 
higher. As for most seal types, allowable 
speed of the mechanical seal usually de- 
creases with increasing pressure. 

Pressures in the 10,000-100,000 psi range 
have been successfully contained by com- 
pression-type and molded packings. Al- 
though one of the oldest packing forms, 
and despite the disadvantages of high 
friction and rapid shaft wear, the com- 
pression seal still finds extensive use 
where pressures are very high or where 
sealed shaft diameters are large. 


Static Seals: Chapters 12 through 14 
deal specifically with gaskets. Their pur- 
pose is to give specific design guidance 
in selection and use. Fundamental prin- 


ciples of gasketing are stressed, and sig- 
nificant characteristics of the numerous 
available gasket materials outlined. Ma- 
terials covered here are principally those 
having a broad field of use, as contrasted 
to specific-purpose materials. Materials 
discussed are those composed of rubber 
(natural or synthetic), cork, treated and 
untreated papers, asbestos, and various 
combinations of them. 

Metal-clad, metal-insert, and all-metal 
gaskets are usually employed for high 
pressures, high temperatures, or both. 

Also considered in the realm of static 
seals are certain applications involving 
O-rings. O-rings may perform the func- 
tion of ordinary flat gaskets as well as 
those of shaft or piston packings. 

Molded parts produced from rubber 
and plastics are very often called upon 
to perform a gasketing function. This 
manual stresses these functions without 
going into details of composition, parts 
design, and molding. 

An outline of the trade channels through 
which gaskets can be obtained is im- 
portant because of the nature of the 
gasket industry. In general, gaskets are 
obtained in production lots from two 
sources: 

Primary producers or processors: Gas- 
kets generally start out as sheets, rolls 
or blocks of manufactured or processed 


material. The manufacturer or processor 


of the base material may or may not 
have fabricating facilities, and may or 
may not be interested in accepting orders 


for fabricated parts. He may be in- 
terested in quantity orders as would be 
placed by a high-volume consumer; but 
may have no interest in servicing small 
requirements. However, these primary 
producers are likely to be best quali- 
fied to give technical information re- 
garding the types of products which 
they manufacture. If they do not offer 
a fabrication service, they will be able 
to refer inquiries to fabricators. Most 
producers operate on a national scale. 
Fabricators: Fabricators in the gasket 
business, also called gasket cutters, are 
usually independent local businesses of 
small or medium size. They buy sheet 
or roll goods from primary producers and 
specialize in offering quick service to 
those industries within their area of op- 
erations. Products of various gasket ma- 
terial manufacturers are generally stocked. 
Small orders can be handled to advantage, 
and deliveries can often be made with a 
speed which cannot be matched by any 
major producer from a distant plant. 
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| ee . is a fabric built up by inter Chemical Resistance: Wool felt resists treated, it resists oils, greases, waxes and 
locking fibers through a suitable com dilute mineral-acid solutions, unless con- most solvents. Mechanically interlocked 
bination of mechanical work, chemical tinuously saturated and _ intermittently synthetic-fiber felt seals withstand attack 
action, moisture and heat, without spin- dried. It is damaged by alkalis. Un- by strong acids and bases, and are stable 


ning, weaving, or knitting. It may con- 
sist of one or more classes of fibers: Wool, 
reprocessed wool, or reused wool, which 
are used alone or combined with animal, 
vegetable and synthetic fibers. 

Felt has long been used as an import 
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ut temperatures up to 400F 
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Fig. 1—Durable and economical, plain- 
felt seals are cut from standard SAE 
felt grades. Operating-temperature lim- 
its are in the —60 to 250F range. Maxi- 
mum allowable rubbing speed is ap- 
proximately 2000 fpm. Impregnation of 
the basic felt with petrolatum or graphite 
compounds increases resistance to pres- 
surized lubricants and low-viscosity li- 
quids. 


CCC 


Fig. 2—Laminated felt seals combine one 
or more grades of felt with impervious 
elastomer layers. The sandwich con- 
struction stops leakage of low-viscosity 
liquids, and combines functions of oil 
retainer, sealing washer, and dust ex- 
cluder. 


in water, common fuels, lubricants, hy- 
draulic fluids and solvents. 


Shaft Speeds: While 2000 fpm is usually 
considered top speed for felt seals, there 
are applications operating satisfactorily at 
speeds as high as 4000 fpm, where shafts 
are hard and smooth, and where ample 
lubricant is present in the seal. A nomo- 
graph in Chapter 3 can be used to con- 
vert rpm to fpm. 


Felt Selection 


Specifications have been established by 
SAE for different grades of felt. Recom- 
mended SAE felt grades, dimensional tol- 
erances, and the degree of housing com- 
pression for felt seals in relation to vari- 
ous shaft diameters and speeds are sum- 
marized in Table |. However, these pro- 
portions may be changed, when neces- 
sary, to suit the space available. In 
general, SAE F-1 and F-2, characterized 
by high density, optimum quality, low 
permeability and maximum strength, are 
specified for difficult oil or grease re- 
taining conditions. SAE F-l, F-2 and 
F-3 are also recommended when shaft 
speeds exceed 1000 fpm. Under less criti- 
cal conditions, F-5 or F-6 are satisfac- 
tory. For speeds below 750 fpm, SAE 
F-10 or F-11 may be used. Dust exclu- 
sion seals, designed for journal speeds 
of more than 1000 fpm, are principally 
fabricated from SAE F-7. For lower speeds, 
F-11, F-12 or F-13 are used. Ball-bear- 
ing seals require a precision grade of felt 
equivalent to SAE F-50. 
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Felt ring mounted in cored or machined 
recess with sides tapered 4 deg. Hous- 
ing-ring clearance at OD is 1/64 to 
1/2 in. to accommodate possible ec- 
cei tricity of housing Running clearance 
between shaft and housing is preferably 
0.010 to 0.015 in. Nonadjustable, this 
design requires removal of shaft for seal 
replacement. 


Usual carrier construction for oil or 
grease application. Felt is held by cov- 
er plate in an annular space with tapered 
sides. Curved felt fibers extrude slightly 
on side toward bearing, permitting capil- 
lary action to return oil from felt to 
the housing. Small shaft-housing clear- 
ance is desirable. Known as stuffing- 
box type, easily adjustable, easily re- 
placed. 





Press-fit seal 
assembly for oil 
service. Type is used extensively in low 
and medium-speed 
sealing requirements are not too severe. 
Available in 
Recommended where space is critical. 


Cupped felt ring with inside diameter 
smaller than shaft, Seal ring is made 
pliable by soaking in melted grease be- 
fore shaping and mounting. Installa- 
tion is effective against grit and dust. 


Machined-carrier mounting with 8-deg 
housing taper and felt retainer plate. 
Widely used with ball or roller bearings, 
design permits felt ring to be easily re- 
moved and replaced without major dis- 
assembly of the machine incorporating 
the seal, which can be a split ring. 


manufactured as a unit 
and grease-retaining 


applications where 


plain felt or laminated. 








Types 


Felt seals are manufactured in two 
general types: Plain and laminated. 

To meet special requirements, either 
style can be impregnated with one of 
several materials. Compounds of paraffin, 
petrolatum, or colloidal graphite increase 
the resistance of basic felt to water and 
mud, improve its resistance to pressurized 
lubricants, and lowers its coefficient of 
friction. Saturate plain and laminated 
seals prior to installation with oil or 
grease of slightly higher viscosity than 
that used as a lubricant. 


Plain felt seals, Fig. 1, are precisien- 
cut washers fabricated from specified 
standard grades of SAE felt. They are 
usually presaturated with lubricants of 
slightly greater viscosity than that used 
in the bearing. Plain felt seals afford 
positive bearing protection and provide 
a reservoir for lubricant storage—making 
it available as needed. If run dry, they 
tend to protect and polish rather than 


score a shaft and seldom fail through 
aging, embrittlement or disintegration. 
Under normal bearing temperatures and 
operating conditions, the plain felt seal 
is highly economical and requires replace- 
ment only when the machine in which 
it is used is overhauled. It should be 
specified that these seals are not to be 
used in conjunction with oils of ex- 
tremely low viscosity or to retain pres- 
surized lubricants. For this field, the 
laminated or impregnated felt seals should 
be considered. 


Laminated felt seals in a single washer 
combines the advantages of the plain felt 
seal and an impervious septum of nitrile 
rubber or other oil resistant elastomer. 
Advantages of the sandwich construction 
are that it permits the use of two or 
more felt grades or densities in one seal, 
one grade for oil retention and a second 
grade for dust exclusion. The impervious 
layers of oil-resistant elastomer also ef- 
fectively stop leakage of low-viscosity 
liquids through the felt. 
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Fig. 3—Mounting methods for felt seals. 


For both ball- 


bearing and roller-bearing assemblies, left-hand seals are 
shaft-shoulder mounted and right-hand seals are shaft-exten- 


sion mounted. 








shoft direction 


Fig. 4—Felt seals should, whenever 
possible, be continuous rings. If it is 
necessary to use split seals to facilitate 
assembly, the seal should be cut and 
butt jointed at 30 deg angle, so that 
compression of the felt in the carrier 
groove may prevent a gap between the 
ends 


Design ef Felt Seals 

Felt seals, accurately cut and properly 
fitted, are effective under a considerable 
variety of operating conditions and for 
a wide range of speeds. Most seals func- 
tion because a large positive pressure is 
exerted against the shaft. Felt seals, be- 
cause of their natural resiliency, provide 
close contact between seal and shaft with- 
out undue pressure. 

Designs using felt seals fit into five 
categories, Table 2. Three of these designs 
use a housing angle to compress the 
felt at the outer diameter, where it can 
be gripped without losing the important 
porosity of felt near the shaft. 

When ring felt seals are not practical 
due to design or size, strip felt seals can 


be economical and effective, if properly 
installed. However, when a strip seal 
is used the joints should be beveled at 
an angle of 30 deg so that the compres 
sion of felt in the carrier groove pre- 
vents a gap. 

Felt seals are most commonly used in 
two positions with ball and roller bear- 
ings. One of these is on the shaft 
shoulder side where the diameter in- 
cludes the locating shoulders of the bear- 
ing. The other location is on the shaft 
extension. In a ball-bearing application, 
this latter location is next to the bear- 
ing locknut, where the shaft diameter is 
a maximum, Fig. 3. 

For effective felt-seal operation, the 
following design factors require considera- 
tion: 

1. Avoid 
mounting. 

2. The felt seal must not be fitted too 
tightly to the shaft, and the retainer 
should not exert an excessively compressive 
force on the felt. 

3. In the usual installation, the height 
of the felt-ring section should be greater 
than its width. This proportion mini- 
mizes seal distortion and permits firm 
clamping of the felt in its groove. 

4. Where possible, the felt should be a 
solid ring rather than split. However, if 
a split construction is used it should be 
butt jointed at a 30 deg angle, Fig. 4. 

Felt seals should be replaced when the 
machine is overhauled. If overhauls are 
infrequent, an assembly should be chosen 
which allows the felt to be replaced easily. 


excessive stretching when 


Macuine Desicn—Tue Seats Boox 








Radial 
Positive-Contact Seals 





q 


Flange-type seal with leather or 
synthetic element. Used primarily to 
seal against light dust or to retain 
heavy grease, this type is not suit- 
able for sealing low-viscosity oil. 
Ideal where space is limited and 
low friction is required. 


t 


Washer-type leather seal. Adapted 
for sealing grease or viscous fluid 
where use of a spring-loaded seal 
is not practicable. Often combined 
with a spring-loaded seal in a dual 


element. 
U 


All-purpose spring-loaded seal with 
leather or synthetic element. This is 
the most common type. Pressure 
range of synthetic type is 0-10 psi. 
Leather type withstands 0-15 psi. 
Available with garter or finger 
spring. 


F 


External seal. Used where speeds 
are in low range and seal is to be 
pressed on the shaft. Leather ele- 
ment is suitable for sealing grease 
or viscous fluids. Synthetic element 

with fluids of low viscosity. 
Available in springless type for sta- 
tionary shafts where grease is to 
be sealed. 
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R ADIAL positive-contact seals are dy- 
namic rubbing seals. Operational ef- 
fectiveness of a dynamic seal installation 
is measured by a simple standard: If it 
doesn’t leak too much, too soon, it’s a 
good seal. 

A radial positive-contact seal is a de- 
vice which applies a sealing pressure 
to a mating cylindrical surface to retain 
fluids and in some cases, to exclude 
foreign matter. Although this definition 
fits almost all dynamic contact seals, in- 
cluding packings and felt rubbing seals, 
attention is given in this chapter to the 
types of seals more commonly known as 
oil seals or lip seals. 

The rotating-shaft application of the 
radial seal is most common. However, 
the radial seal is also used where shaft 
motion is oscillating or reciprocating. 
Where the application requires that the 
seal rotate with the shaft, the external 
seal is available. 


Types 

Because of the variety of applications, 
the radial seal is manufactured in nu- 
merous types and sizes. Categories are gen- 
erally established for: 1. Cased seals, Table 
1, wherein the leather or synthetic seal- 
ing element is retained in a_precision- 
manufactured metal case. 2. Bonded seals, 
Table 2, wherein the synthetic sealing ele- 
ment is permanently bonded to a flat 
washer or to a formed-metal case. Seals 
of both categories can be provided with 
spring-tension elements, either garter-spring 
or finger type, for sealing low viscosity 
fluids, or where either shaft speed or ec- 
centricity demands higher seai contact 
pressures. Use of the bonded-type seal is 
often recommended where installation 
space is limited by external design re- 
quirements. 

Dual-element or combination _ seals, 
Table 3, are available for unusually se- 
vere service, or where liquids are present 
on both sides of the seal. Other com- 
bination seals provide a sealing action 
in one direction, plus a wiping action in 
the reverse direction. 


Washer sea! with limited-contact lip. 
Designed for press fitting in a 
straight bore. Limited rubbing-con- 
tact area leads to low friction-torque 
drag on the shaft. 


Bonded case seal with straight lip. 
For retaining fluid in rotating-shaft 
installations. Unit is pressed into a 
straight bore; no groove is required. 


Bonded case seal with limited-con- 
tact lip and spring. Spring accom- 
modates shaft eccentricity, provides 
initial tension before internal pres- 
sure builds up to operating valve. 
Spring can be finger or garter type, 
or both. 


Embedded-case seal. Synthetic cov- 
er on outside of seal compensates 
for possible unequal expansions of 
housing and seal, Straight lip suit- 
able for most applications. Also 
made with springs. 











Operation 


Sealing pressure is a result of an in- 
terference fit between a relatively flexible 
sealing element, usually augmented by 
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DESIGN DATA 


Tandem-washer leather seal Ar- 
rangement of elements permits space 
bet ween washers to be grease 
packed when necessary Leather 
washers however erate satis- 
factorily with intermittent lubrica 
tion 


Dual-opposed sen! Applicable to 
service where liquids are present on 
both sides of seal. Maximum recom 
mended surface speed is 1000 fpm 


Double-element seal. Used in heavy 
duty medium-speed service where 
leakage must be held to a mini 
mum 


Combination felt and synthetic seal 
Works well where dusty environ 
mental conditions prevail. Combina 
tions available include either leather 
wr synthetic elements 


Spring loaded seal with opposed 
auxiliary seal. Loaded seal retains 
lubricant auxiliary seal has less 
contact force and acts as dirt ex 
clhuder 


Spring oaded seal with tandem 
auxiliary Since auxiliary member 
is mounted forward of loaded seal 
it permits pressure lubrication with 
out possibility of damaging sealing 
lip Acts as §6«€6dirt)«€epxcluder when 
sealed medium contains abrasive 
particles 











spring pressure, and a shaft or, in the 
case of an external seal, a housing bore. 
In most radial seals, the lip is designed 
in such a way that increasing pressure 
in the sealed area causes lip contact pres- 


Inside foce ID 
Shoft Dia 


Inside face 
Gorter spring / 





Axis clearance 
Line of contact 
Sealing surface 


Outside face 1D 


Outside face 
_ Bore Dia 


~ Seal OD 


/ Sealing element 
Inner case 
ess fit surface (metal) 


_— case 


Trim surface 
/ Bonded caose— 


Press fit a 
(rubber ) 


Heel 


Fig. 1—SAE nomenclature for a metal-cased radial seal, and a bonded rubber seal. 


sure to increase. 

Fluid retention of these seals is based 
on a precise amount of contact pressure 
so that friction effects, such as heat gen- 
eration and stick-slip oscillations, are mini- 
mized. 

Stick-slip is a phenomenon of friction 
and describes the jerky motion of one 
surface being dragged across another. The 
cause of this jerky motion is not fully 
known, but it is probably a result of 
small local welds being formed and sub- 
sequently sheared. This alternate grip- 
ping and releasing causes surface tempera- 
ture to fluctuate with the same frequency. 
Stick-slip can only occur when the coef- 
ficient of kinetic friction is less than the 
coefficient of static friction, and it can 
be eliminated by a suitable lubricant. 

Stick-slip can occur, however, even when 
a shaft and seal are lubricated. But it 
usually presents no problems with a lubri- 
cated seal unless the stick-slip frequency 
harmonizes with the resonant frequency 
of the sealing element lip. 

In most cases, radial 
seals do not run dry. A thin film of the 
sealed fluid exists between the contact 
face of the seal and the shaft, and acts 
as a lubricant. The thickness of the film 
depends upon a number of interrelated 
factors: Fluid viscosity, contact pressure, 
temperature, shaft specd, and shaft finish. 

The method by which this film forms 
has not been determined or explained, but, 
because of its similarity to a sleeve-bear- 
ing assembly, several relationships can be 
observed. All other things being equal, 
as contact pressure increases, the lubricant 
film gets thinner. As shaft speed increases, 
temperature of the fluid increases, viscosity 
decreases, and the film gets thinner. As 
the film gets thinner, friction losses can 
increase, temperature increases, and the 
film tends to decrease, accelerating the 
temperature increase until eventual failure 


positive-contact 


occurs, 

This implies that there is some ideal 
thickness for the lubricant film. Light 
contact pressure allows a thick film, and 
also leakage. Heavy contact causes exces- 


sive temperatures. In practice, the ideal 
film is considered to be one just thick 
enough to allow a meniscus to form on 
the atmosphere side of the seal. 

As long as the meniscus is maintained, 
no leakage of fluid through the film 
beneath the sealing element will take place. 


Seal Selection 


Conditions of the service will determine 
both effectiveness and life of the radial 
seal. Most important of these conditions 
are: 

|. Shaft speed, 
velocity. 

Temperature at the seal. 

3. Pressure exerted on the seal. 

4. Condition of the shaft surface. 

5. Nature of the sealed medium. 

These factors are interdependent. Al- 
though the radial seal may perform satis- 
factorily where conditions are particularly 
severe in one or even several categories, 
it may fail completely if all factors are 
simultaneously unfavorable. 


interpreted as rubbing 


Rubbing Speed: Allowable rubbing speed 
for the radial seal depends not only on 
temperature and pressure, but also on 
the seal design. Tolerances on shaft 
finish, eccentricity, and end play are 
usually tightened when speeds increase. 

Shaft eccentricity causes constant flex- 
ing of the sealing lip, even at medium 
speeds, it is unlikely that sealing con- 
tact is continuously maintained, without 
a spring, and leakage can be expected. 
In the higher ranges, the spring-loaded 
radial seal is often recommended. 

Seals are rated with linear speeds, in 
fpm. Fig. 2 is a nomograph for con- 
verting rpm to fpm. Usual rubbing- 
speed limit for leather seals is about 2000 
fom with adequate lubrication. Syn- 
thetic seals are often rated to 4000 fpm 
or higher, depending upon the pressure. 


Fluid Pressure: Standard radial seals are 
not usually designed to contain fluids 
under pressure. Pumping action of a bear- 
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ig. 2—Relationship between rpm, fpm, and shaft diameter. 
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DESIGN DATA 


/ 


Fig. 3—Pressure range of the conven- 
tional radial seal is usually restricted to 
about 0-15 psi, particularly in rotary ap- 
plications. In this high-pressure seal, 
“py exerted at the open end of the 
ip is almost completely supported by 
the metal shell, permitting use of the 
seal at pressures to 150 psi. Shaft-speed 
limit of model without spring is 2500 
fpm. Spring-loaded seal accommodates 
speeds as high as 4000 fpm. Use in ap- 
plications where both speed and pressure 
are high is not recommended. 


Without Spring With Spring 


ing can increase pressure on the seal lip. 
In such cases, the space between the seal 
and the bearing can be vented back to 
the main reservoir to prevent pressure 
buildup. 

Where the application demands use of 
a radial seal under high pressure, 100-150 
psi, special designs are available, Fig. 3. 
Such high-pressure radial seals are usually 
restricted to relatively low-speed applica- 


tions 


Temperature Limits: Heat at the seal 
lip is generated by rubbing friction, bear- 
ing friction, oil agitation, and heat con- 
ducted from other parts of the machin- 
ery. Molded synthetic elements are usual- 
ly recommended when temperatures range 
from about 40 to 250F under con- 
tinuous operation. Upper limit on leather 
sealing elements is in the 200F range. 


Shaft-Surface Requirements: Shaft ma- 
terial hardness and smoothness are fac- 
tors that are considered to be seal-applica- 
tion problems Past requirements for 
shaft hardness was at least Rockwell C 
30. Modern seals operate satisfactorily 
on cold rolled steel shafts as long as no 


If the shaft 


is one of the soft metals, brass or alumi- 


grit or abrasive is present 


num, for example, it is advisable to press 
a hardened steel ring on the shaft to 
serve as a seal running surface. Hard 
nonporous chrome plate, if of adequate 
thickness and quality, can also be em 
ployed 

Maximum seal efficiency and life are 
obtained with a finely finished shaft sur- 
face, usually in the 10 
range 


to 20 microinch 
Direction of finishing marks and 
spiral lead are important, and polished 
or ground finished with concentric marks 
are preferred. When a finish lead is 
present, it should be in the direction 
that guides the sealed medium inward. 
Finishes finer than 10 microinches show 


Shaft Speed (rpm) 
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Seal Lip Displocement (in.) 


Fig. 4—Allowable total eccentricity varies with speed. Seal lip displacement equals 
eccentricity between shaft axis and housing axis plus shaft runout plus shaft whip. 


no increase in seal life, in fact some 
laboratory evidence indicates that a shaft 
finish which is too smooth, in the range 
of 2 microinches, cannot support an oil 
film, and premature seal failure occurs. 


Lip Diameter: Decreasing the lip diam- 
eter of a seal will increase the frictional 
drag on a shaft, and increase the tem- 
perature. Rubber compounds have a prop- 
erty which causes them, when under suf- 
ficient strain, to increase their tensile 
stress when heated. Mounting a seal on 
a shaft stretches the lip material. This 
phenomenon is known as the “Joule ef- 
fect.” At a specific strain, varying with 
the compound, the effect disappears, while 
at a lower strain the effect is reversed. 
Oil seal elements normally operate in 
the lower strain range. 

Contact pressure is a combined func- 
tion of lip diameter interference, spring 
tension, rubber hardness, and eccentricity. 

Sealing elements could be designed to 
provide a desired shaft load under a 
given set of operating conditions. The 
stress in the material would vary, how- 
ever, as temperature changed, and would 
also decay over a period of time. There- 
fore, a spring is usually used to maintain 
the desired lip load on the shaft. The 
spring may be either a garter or a finger 
type. 

In special instances, one type has an 
advantage over the other. For example, 
the garter spring is more rugged and 
less susceptible to damage, therefore should 
be used where installation may be made 
by personnel who cannot be trained to 
apply the oil seal with the care it should 
receive. Conversely, the finger spring with 
its lower mass and broad contact with 
the element provides a more responsive 
spring, permitting a lighter element with 


consequent lower friction drag without 
sacrificing sealing ability. For general 
service on correctly assembled equipment, 
either type is equally suitable. 


Seal Materials: No material will meet 
all of the requirements for every applica- 
tion. 

Leather is absorbent and provides a 
self-lubricating seal that operates for long 
periods with little or no auxiliary lubrica- 
tion. In addition, leather is less sensitive 
to shaft finish than synthetic rubber com- 
pounds, working satisfactorily even when 
the shaft or bore is rusty. These charac- 
teristics particularly recommend the leath- 
er seal for use where maintenance is in- 
expert or neglected. Limitations on shaft 
speed and temperature must, of course, be 
considered in the application. 

Synthetic rubber seal materials are speci- 
fied when rubbing speeds exceed about 
2000 fpm, when temperatures are high, 
and when a substantial pressure head is 
present. The synthetics can be compounded 
to be impervious to oil, water, mild acids 
and alkalines. As compared to the leather 
types, the synthetic seals withstand shaft 
runout and eccentricity with less chance 
of leakage. Lubrication must always be 
provided for synthetic seals, and shaft 
finish must be finer. 

Nitrile synthetics can operate continu- 
ously at temperatures up to 250F, with 
intermittent exposure to higher tempera- 
tures. In service exposed to a combina- 
tion of air and lubricating oil at a tem- 
perature of 300 F, nitrile materials harden 
in two or three days to such an extent that 
they crack when flexed. At the other tem- 
perature extreme, nitrile rubbers will nor- 
mally function satisfactorily at —40F. 

Special nitrile compounds provide flexi- 
bility at —65F. Caution must be used 
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in selecting such materials. since a nitrile 
rubber with good oil resistance generally 
has poor low temperature flexibility and 
vice versa. Recent nitrile rubber develop- 
ments, however, offer the hope that a 
single material may combine high tem- 
perature oil resistance superior to present 
nitriles with —65 F flexibility. 


Silicone elastomer seals can operate ef- 
fectively at temperatures from —65F to 
above 400 F; however, silicone elastomers 
display their best resistance to elevated 
temperatures when in the presence of oxy- 
gen. When completely immersed in oil, 
and shielded from oxygen, silicone speci- 
mens will soften at high temperatures. 
Since seals seldom are completely covered 
with oil this is not too serious, but these 
seals do require more elaborate manu- 
facturing processes and quality control pro- 
cedures. 


Polyacrylate and butyl acrylate synthetic 
elastomers are as resistant to lubricants 
as nitrile and offer the added advantage 
of resistance to temperatures up to 350 F. 
This must be balanced, however, against 
low temperature brittle points of approxi- 
mately 0 and —20F respectively. 


Special materials such as Viton or Tef- 
lon are used for element materials in 
unique instances requiring resistance to 
liquids which cannot be handled by more 
conventional materials. 


Dry Running: It is not advisable for 
radial seals to be required to run for 
considerable periods of time without lu- 
brication. A minute or more of opera- 
tion may be required before oil reaches 
an engine crankshaft seal. It is important 
that such seals withstand dry running 
without wearing out or tearing, and in 
some cases without squealing. Naturally 
dry-running ability should not be de- 
manded from a seal if not absolutely 
essential to the application. Almost with- 
out exception, leather seals are recom- 
mended for such situations. 


Leakage: Leakage for synthetic seals is 
usually lower than for leather seals. In 
many applications zero leakage occurs. 
About 80 per cent of synthetic seals leak 
about 0.002 gm per hr, or about one 
drop every 11 hours. This is hardly 
enough to measure and is seldom trouble- 
some in service. About 15 per cent of 
the seals leak between 0.002 and 0.1 gm 
per hr, a rate considered borderline in 
many applications. Few synthetic seals 
leak more than 0.1 gm per hr unless 
they are defective, misapplied, or mis- 
specified. 

Housings 

The housing in which the oil seal is 
installed is an important factor for satis- 
factory installation. It must have suf- 
ficient strength and rigidity to sustain a 
press fit with the outer diameter of the 
oil seal. Two recommended housing and 
shaft configurations are shown in Fig. 5. 
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Seporate Seal Retainer 


1 Driving tool 0.010 to 0.015 in. smaller 
than housing bore to press fit seal 
into housing recess. 

2 Housing bore shoulder to assure square 
mounting of seal. 

3 Gasketed or cemented joint between 
seal housing and machine body to 
close alternate leakage path. 

4 Seal housing pilot to maintain con- 
centricity. 

5 Seal contact surface 5 to 20 microinch 
rms, free of nicks, scratches or burrs 
to prevent leakage or damage to seal 
element. 





Long Shoft Installation 


Driving tool greater diameter than 
housing bore, combined with mount- 
ing thimble, to press fit 

Face machined square to shaft axis 
to assure square mounting of seal. 
Thimble to open seal lip and prevent 
damage from contact with splines, key- 
ways or shaft shoulders during seal 
assembly. 
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4 3 
4 


6 30 deg shaft chamfer blended into con- 
tact surface, free of nicks, scratches or 
burrs to open seal lip to shaft diameter 
without damage. 

7 Clearance between seal and bearing to 
reduce lubricant impingement on seal. 

8 Slot in seal retainer pilot to clear drain 
hole. 

9 Drain to prevent pressure build-up. 

10 Chamfer on housing bore to facilitate 
seal entry. 

11 Clearance between seal lip and spline 
or keyway to avoid damage to lip. 


4 Seal contact surface 5 to 20 microinch 
rms, free of nicks, scratches or burrs 
to prevent leakage or damage to 
element. 


5 Clearance between seal and bearing 
>, reduce lubricant impingement on 


6 Drain to prevent pressure build-up. 


Fig. 5—Recommended housing designs. 
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Diameter (in.) Sheft 


Housing Bore 





Up to 3 
3 to 6 +0.005 
6 to 10 +0.005 
10 to 20 


+0.0015 
+ 0.002 











Cause 





Nicks, cuts or tears 
in seal lip 
Scratches or nicks 
on shaft surface 
Lead on shaft finish 


Shaft whip or 
run-out 


Cocked seal 


Light fit on shaft 


Excess preinstalla- 
tion lubricant 


Damaged spring 
Damaged case 


Cement on shaft or 
element 


Turned-under lip 


Paint on shaft or 
element 


See symptom 2 


Finish shaft to 20 microinch rms or 
smoother. Protect surface after finishing 
Plunge grind shaft surface. 

Machine housings and wear sleeves ac- 
curately. Provide adequate bearings. Locate 
seal close to bearing. 

Use correct mounting tools and procedure 
to assure square installation. 

Check size of shaft and oil seal. 

Apply small quantity of lubricant to shaft 
or seal lip before installing 

See sympton 7 

See symptom 6 

Improve bore finish to eliminate need for 
cement; use plastic coated seals; or use 
more care in applying cement to OD 

See sympton 8 

Mask seal and adjacent shaft before paint 
ing 





3. Nicks, cuts, or 
tear in lip 


Rough shaft 


Splines, keyways or 
sharp shoulders 
Rough handling 


Remove all burrs and sharp edges from 
shaft surfaces contacting seal lip 

Use correct mounting tools to protect seal 
lip. 

Keep seals packaged in storage and in 
transit. Handle same as antifriction bear 
ings 





3. Excessive wear 
er hardening 
of sealing 
element 


Pressure 


Tight fit on shaft 
No lubrication 


Rougk finish on 
shaft 


Provide vents in housing, drain from seal 
cavity to main housing. 


Check size of shaft and oil seal 

Provide lubrication to seal 

Provide 20 microinch rms or smoother 
surface 





Abrasives 


Clean parts before assembly. Apply smal) 
amount of lubricant to shaft or to seal 
lip before installing. In dirty atmospheres 
use seals with auxiliary dust lip and 
harden shaft to Rockwell C 30 minimum 





Seored seal OD Coarse machining 


Sharp corner or 
housing bore 


Undersize bore 


Machine housing bore 125 microinch rms 
or smoother 
Chamfer housing bore. Break sharp edges 


Check diameter 





Damaged seal Incorrect 

case installation 
Extremely rough 
handling 


Use correct mounting tools and procedure 
to apply press fit force uniformly 


Protect seals in storage and in transit 





Incorrect 


installation 


Damaged spring 


Rough handling 


Use correct mounting tools and procedure 
to avoid touching spring during insta! 
lation 

Protect seals in storage and in transit 





Turned-under Reugh chamfer 
lip 
Steep chamfer 


“areless handling 





Machine chamfer to 32 microinch or 
smoother and biend into shaft diameter 


Maximum angle 30 deg. to shaft surface 


Use correct mounting tools and procedure 
to maintain lip position during installation 








Types: For an oil-tight press fit, the 
bore of the housing should be chamfered, 
have a finish no rougher than 125 micro- 
inch rms, and be held to tolerances indi- 


cated in Table 4. If this finish is not 
practical, metal-encased seals having a 
plastic coating on the OD to assure a 
tight seal between the press-fitted surfaces 


can be used. A cement can be applied 
at the time of installation to accomplish 
the same purpose. 


Eccentricity: Accurate production of the 
housing is essential to eliminate the prob- 
ability of eccentricity. Two types of ec- 
centricity affect seal operation: Static 
eccentricity and dynamic eccentricity 
(runout). Static eccentricity is the 
amount by which the shaft is off with 
respect to the bore. It does not vary 
as the shaft is rotated. Dynamic ec- 
centricity is the amount by which the 
shaft does not rotate about a true center. 

The ability of seals to operate satis- 
factorily under eccentric conditions de- 
pends largely on the flexibility of the seal- 
ing member. Spring-loaded seals can be ex- 
pected to operate satisfactorily with the 
eccentricities defined in Table 4. 


Heat: Thermal expansion rates of the 
housing should be considered. Metal 
cases for oil seals are made from low- 
carbon steel for general service. They 
are also available in stainless steel, brass, 
aluminum, and cadmium or zinc-plated 
construction for corrosion resistance or 
applications requiring thermal expansion 
rates to match housing materials other 
than iron or steel. 


Pressure: The construction of the hous- 
ing should minimize fluid pressure applied 
to the seal. Pressure can result from 
thermal expansion of lubricant and air 
within a closed housing or from the flow 
of lubricant produced by rotation of gears 
or worms. Confinement of end leakage 
from sleeve bearings and lubricant turbu- 
lence produced by anti-friction bearings 
could also cause a pressure increase. Ex- 
cess lubricant will aggravate any of these 
conditions. 

Venting the housing to the atmosphere 
will prevent pressure build-up due to 
thermal expansion. Dynamic pressure pro- 
duced by flow of lubricant within the 
housing can be avoided by the arrange- 
ment of the components during the lay- 
out of the unit or by the inclusion of 
deflectors or shields to prevent impinge- 
ment of a lubricant stream on the oil 


seal. 


Installation: Seals should be removed 
from their housing only when replacement 
is required, since it is very difficult to 
remove and reinstall a seal without dam- 
aging it. The separate seal retainer bolted 
to the housing provides the best method 
of seal removal without damage to shaft 
or housing. Self-tapping screws inserted 
in holes drilled diametrically opposite 
through the shell can be used for pulling. 


Troubleshooting 


Table 5 provides an easy reference to 
some of the more common malfunctions 
associated with radial positive-contact 


seals. 
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CHAPTER 


“im Exclusion Devices 


ROBERT O. ISENBARGER 
Chief Field Engineer, Chicago Rawhide Mfg. Co., Chicago, III. 





J XcLusION seals are used to pre- 

vent the entry of foreign material 
into the moving parts of machinery 
This protection is necessary because 
foreign material entry contaminates the Contact 
lubricant and accelerates wear and cor- lehieg « L 


rosion. Static joints are easily sealed by 
—_—_ —-— «4 
tight fits and gaskets. Sealing between : 


parts having relative motion, such as 


between the housing and a moving shaft, Contact 
surface 


y, Seoling edge 
Contact Lip height 
pressure 








Lip 








come 


is much more difficult. 
Sometimes seals designed only for in Housing ~ 
clusion are used to perform the inclusion & 
f 


and exclusion functions simultaneously. 

















Shoft Clearance 





This is inadvisable, except under very 


light foreign material conditions. In- Fig. 1—Radial exclusion seal as usually applied. It is secured to the housing and 


clusion seals usually do a poor exclusion has sealing contact with a moving shaft. It is located at the surface of the unit, 
; a meas fr r or at least, it is external to the parts of the unit it must protect. Depending 
eee ea ea upon its construction, it is held in a housing bore by press fitting or secured 
amounts of abrasive material. by plates, snap rings, or by other means. 
Exclusion seals can be classified into 
four general groups: 1. Wiper. 2. Scrap- 
ers. 3. Axial. 4. Boots. Fig. 1. is a dia- 
grammatic representation of a radial ex- 


clusion seal. 


Wipers 


Exclusion seals, with lips of leather, 
synthetic rubber or similar material, are 
commonly called wipers when they are 
used on reciprocating shafts. Many of 
these can also be used on rotating shafts. 

Actually, these seals resemble ordinary oil 

seals, or lip seals. For the purpose of 

this chapter, exclusion seals of this type Proper Operation 
are classified as wipers, Table 1. 

The active sealing element or lip of £ 
this seal, Fig. 1, is usually a part extending “pet 
outward along, and making contact with 
the shaft at the contact surface. Sufficient 
radial or contact pressure must be pro- 
vided to keep the contact surface against 
the shaft. Pressure is supplied by the 
band or cantilever action of the lip or 
by auxiliary spring members. If the lip 
height is greater than the contact width, 
as in the figure, a clearance, which allows 
for shaft side movement, is provided at the Insufficient Excessive Sealing 
base of the lip. Contact Pressure Edge Angle 


Lip Design: A good radial positive-con- Fig. 2—Possible exclusion-seal lip failures. 
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DESIGN DATA 


tact inclusion seal will allow slight film of 
fluid to pass the sealing edge, to lubricate 
the contact surface. The wiper, however, 
must stop all material at the sealing edge, 
because the mediums it seals are seldom 
lubricating and are often abrasive. The 





Single-piece wiper. May be fitted in a 
housing groove for reciprocation, and 
also for rotation, if the body is large 
enough or tight enough in the groove 
to prevent rotation of the seal. For light 
and) medium applications. Caution 
should be used in installation of a 
fluid sealing wiper in a groove, to be 
gure that it has a fluid tight fit. May 
be enclosed in metal shells, or bonded 
to a shell. 


Single-member, groove-mounted wipers 
used with reciprocating shafts with 
dual lip. Designed to seal in both direc- 
tions; the upper lip is an exclusion lip, 
nd the lower is an inclusion lip to seal 
low pressure internal fluids. Medium 
pressures will extrude the wiper ma- 
terial. When internal pressures exist, a 
separate inclusion seal must be used 
When there is danger of a pressure 
buildup between the two seals because 
of seepage from the inclusion seal, a 
drain should be provided 





major consideration in wiper lip design 
is that the sealing edge be kept in inti- 
mate contact with the shaft. 

The inside diameter of the lip, Fig. 2, 
is somewhat less than the shaft diameter. 
Hence, in its position on the shaft, the 


a 


Single-member, groove-mounted wiper 
for reciprocating shaft. Available in 
ring form or straight pieces which 
may be cut to the proper length and 
fitted In the groove with the ends but- 
ted. Where possible, use the ring form, 
to avoid the butted joint. There is some 
sectional distortion in putting the 
straight piece into a circular shape, so 
the cross section should be small rela- 
tive to the shaft diameter. 


Spring-loaded, single-member wiper en- 
closed in shell for reciprocating or ro- 
tating service. (For rugged duty appli- 


cations.) Finger spring provides in- 
creased contact pressure. 


Spring-loaded, single-member wiper en- 
closed in shell for reciprocating or 
rotating service. Garter spring increases 
contact pressure, while soft rubber 
back-up piece protects garter spring 
from foreign material. For heavy-duty 
exclusion of tenacious contaminants. 


- 


Self lip-forming wiper. The lip is 
formed in washer when it is put over 
the shaft. Used either for recipro- 


lip is stretched and flexed radially. This 
usually produces the required contact pres- 
sure. Sometimes springs are used. If the 
contact pressure is insufficient, the foreign 
material may force the sealing edge away 
from the shaft. A very minute separa- 


cation or rotation under moderate or 


tion or an abrasive shaft finish woul 
result in more rapid wear of a synthetic 
lip. 


Self lip-forming wiper for rotating 
shafts under mild foreign material 
conditions. The hole in the thick wash- 
er is usually only slightly less than the 
diameter of the shaft to avoid excessive 
friction. Felt is most often used, be- 
cause of its lubrication holding and low 
friction properties, Has small lip, due 
to only a slight spreading of the ma- 
terial along the shaft. Too much shaft 
side play will cause the material to 
set away from the shaft. Greatest con- 
tact force occurs at the center of the 
contact surface where the material is 
in direct radial compression against the 
shaft. Because of low contact pres- 
sure at the sealing edge, wiper is vul- 
nerable to entrance of foreign particles. 


Self lip-forming wiper for rotating 
shafts. Usually enclosed in shells, for 
press fit in housing bores. Thin wash- 

sealing element can be furnished 
without case, for clamping to the hous- 
ing by various methods. Often made 
with multiple sealing elements for addi- 
tional protection. These seals used 
on relatively slow moving rotary 
cations where dry or moist dirt is en- 
countered. When a multiple-lip seal is 
used, excess grease, put in the bearing, 
forces out and lodges between the seal- 
ing members, serving as lubrication for 
the lips. Can be used for higher speeds 
where it is possible to use a low-fric- 
tion material such as Teflon for the 
sealing elements. 
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Fig. 3—One-face-soft axial exclusion seal. 
application for the rollers of an endless-track tractor. 


tion of the sealing edge from the shaft 
is sufficient to allow foreign material to 
penetrate to the contact surface. Once 
this has happened, seal failure has started. 
The foreign particles will scratch or score 
the shaft and abrade the seal material, as 
indicated by the jagged surfaces shown on 
the drawings. 

The lip is normally short and sturdy, 
particularly for reciprocating shafts, to 
overcome the resistance of the foreign 
material. At the same time, the lip must 
be flexible enough to follow the shaft 
side motion. If the clearance is less than 
the shaft side play, the material at the 
base of the lip will be compressed, re- 
sulting in excessive friction and wear. 

In addition, the sealing edge may be 
forced away from the shaft. Angle A 
of the sealing edge should be close to 
90 deg, and the contact width should be 
enough so that the sealing edge is well 
backed up with material. Otherwise, the 
sealing edge may be folded under by thé~ 
force of the foreign material. 

These lip design principles are for rel- 
atively serious exclusion conditions. Some 
of the commonly used types vary some- 
what from these principles because they 
are designed for less serious conditions. 

Wiper Materials: The material of seal 
lips is usually leather or synthetic rubber. 
Leather has good abrasion resistance and 
low friction. One important property of 
leather is its ability to absorb lubricant 
and feed it out as needed. It is often 
impregnated to control its porosity so it 
will seal fluids, yet retain its self-lubri- 
cating property. 

Leather has more tendency to polish an 
abrasive shaft finish than synthetic rub- 
ber. In doing so, however, the seal life 
may be shortened. Leather is resistant to 
most oils and many other mediums, such 
as chlorinated solvents. It is not recom- 
mended for many acids and alkalies. 
Leather can withstand temperatures to 
about 200 F and, dependent upon the 
impregnant, it is effective at very low 
temperatures. 

Synthetic rubber used for wiper seals 
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This is a typical 


should be tough and abrasion resistant. 


A hardness of between 75 and 90 Shore 
A durometer is usually recommended. The 
material must be resistant to any of the 
media to which it is exposed, but synthetics 
can be compounded to resist most fluids. 
Ordinary synthetics cover the temperature 
range —65 to 250F. Some are used to 
350 F, but have poor low temperature 
characteristics. Silicone rubber has tem- 
perature flexibility as low as —130F and 
dry heat resistance up to 500 F for con- 
tinuous operation, and 700F for short 
periods. In fluids, it is useful to 300 or 
400 F. However, silicone rubber does not 
have as high an abrasion resistance as 
some other synthetics. 


Scrapers 


Exclusion seals that have a metallic 
lip or scraping element are called scrapers. 
They are used to scrape heavy or tena- 
cious material from reciprocating shafts. 
Wipers are sometimes used behind them 
to catch any fine particles or fluids which 


pass the scraper. 
As the shaft moves inward toward the 
scraper, the sharp sealing or scraping 


Combination scraper and wiper. The 
scraper element is a thin conical mem- 
ber with a flange that has a sliding fit 
between two washers, so that it can 
take the shaft side motion. The sealing 
edge is made slightly smaller in diam- 
eter than the shaft. Wiper member re- 
moves small particles or liquid film 
that pass the scraper. The wiper and 
scraper members are enclosed in shells 
for press fit in a housing bore. 





* Shoft 


Fig. 4—Both-faces-hard axial exclusion seal. More expensive, 
yet more reliable than one-face-soft exclusion seal. 


edge of the scraper element removes the 
foreign material from the shaft. The 
scraping edge is kept sharp by the hon- 
ing action of the shaft passing through 
it. Sufficient contact pressure to keep 
the edge in intimate contact with the 
shaft is supplied by prestressed spring 
action of the scraper element, or by 
auxiliary spring members. 

Basically, there are two types of 
scrapers: Conical scrapers, Table 2, and 
scraper rings, Table 3. The conical 
scraper has a sharp knife edge which digs 
under the material and lifts it from the 
shaft. The scraper ring has a flat top, 
1/32 to 1/16 in. wide, depending on the 
shaft diameter. Although this produces 
somewhat more resistance to scraping than 
the conical scraper, the scraping edge, 
with an angle of 85 deg, is quite sturdy. 
For small diameters, the scraper ring 
cross-section will fit in a Y% in. square. 

Scraper Materials: The material of the 
scraping element must be tough to with- 
stand the impact and abrasion of media 
adhering tightly to the shaft. It must be 
corrosion resistant to both fluids and solids 
encountered. A considerable contact pres- 
sure is required to keep the sealing edge in 


Two conical scraping 
scraper are nested 

ment has three or more slots in the 
sealing edge, allowing a finger spring 
effect, to give the contact pressure. 

slots in one ring are staggered with 
those in the other to prevent the pas- 


elements of 
r. Each ele- 


ments in place. 











DESIGN DATA 


Single-piece, split, prestressed ring re- 
tained by snap ring. Loose mounting 
takes up shaft side motion 





Grooved scraper ring using circular 
wave spring to augment contact force 
Available with enclosed outside diam 
eter to shield wave spring from cor 
taminants 








Three-piece ring. Grooved scraper is 
split to accommodate shaft tolerance 
and wear Two split springs fit in 
groove to increase spring force. Splits 
are staggered for continuity of contact 
force 








Washer-shaped, split scraper rings 
mounted in synthetic rubber member to 
damp side motion Splits in rings 
staggered for continuity of contact 
surface 








contact with the shaft. So, low friction 
and nonscoring properties are necessary 
when there may be little or no lubrica 
tion. Good spring characteristics are re- 
quired when the contact pressure is sup 
plied by the scraping element. Copper 
alloys, such as copper silicon, aluminum 
and manganese bronze, beryllium copper, 
and brass are the metals commonly used 
for the scraping element. When necessary 
for corrosion resistance to salt, cadmiun 


yw other platings are used. 


Axial Exclusion Seals 


Axial seals exert contact pressure axially 
to maintain sealing contact between two 
flat surfaces having rotating motion with 
respect to each other. Almost all axial 
seals are capable of some exclusion, but 
covered here are those axial seals whose 
principal function is exclusion. 

The greatest use of such seals is on 
parts of agricultural and earthmoving 
equipment where mud and dirt conditions 


are serious. On these applications, the 


seals are expected to retain lubricant. But, 
the loss of some lubricant is less serious 
than the entry of even a very small 
amount of foreign material. Typical of 
axial exclusion seals, are those used to 
protect the bearings of the track-support 


ing rollers on endless track tractors 


One-face-soft type seal has a face of 
soft low-friction material, usually leather, 
Fig. 3. The seal consists of two die-cast 
parts connected by a flexible diaphragm 
One part is anchored by pins to a cap 
which is stationary with the shaft. The 
other part to which the leather face is 


cemented, is interlocked to the anchored 
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part so that it can have axial motion, but 
cannot rotate. Four or more springs be 
tween the parts supply the pressure to keep 
the stationary seal face against the flat 
face of the roller while it rotates about 
the shaft. The bearings, not shown, are 
within the roller. The O-ring seals the 
space between the seal and the shaft. The 
face of the seal and the metal face, usually 
steel, against which it runs must be flat 
enough so that intimate contact is made 
under the spring pressure. 


Both-faces-hard type is a more efficient, 
but more expensive seal. Here, two hard 
metal rings, lapped to a flatness of about 
thirty millionths, rub together, Fig. 4. 
Various alloy steels, and other wrought, 
cast, or sintered alloys, are used for the 
rings. One of the rings, is pinned and 
gasketed to the moving roller. The other 
ring is connected by a flexible diaphragm 
to a shell which is press fitted into the sta 
tionary bearing housing. Four or more 
springs provide the contact pressure. The 
seal ring is keyed to the inner part of the 
shell so that it cannot rotate, but can 


move axially. 


Boots 


Since boots are used to prevent unde- 
sired material from entering a mechanism, 
they can, by definition be called exclusion 
seals. They differ from other seals in that 
they have no frictional contact. The mo- 
tion is absorbed by the flexing of the boot 
itself. Various shapes are made to cover 
and accommodate the motion of all man- 
ner of devices, such as universal joints, 
ball joints, shift levers and hinges. These 
ure sewn from leather or molded of syn- 


Sewn Leather 


O 


Fig. 5—Ball-type universal joint pro- 
tected by sewn leather boot or synthetic 
rubber boot. 


thetic rubber. Fig. 5 shows a ball-type 
universal joint protected by a sewn boot 
and by a synthetic rubber boot. 

The most common type is the accordion 
boot, which is used principally to seal 
reciprocating rods, Fig. 6. Sewn accordion 
boots are made of washers of leather or 
synthetic-impregnated fabric. Motion is 
accommodated by stretching and collaps 
ing of the convolutions thus formed. 

The length of stroke the boot will take 
is determined by the number and radial 
size of the convolutions. The shape of the 
convolutions of a molded boot also in- 
fluences the length of stroke. The seams 
of a sewn boot will normally breathe 
enough to take care of the changing vol- 
ume within the boot. They are tight 
enough to keep out ordinary moisture, 
such as rain, and then filter the air. Fil- 
tered breathers or vents are sometimes 
used with molded boots when the vol- 
ume change is too great. 


Selection Factors 


Standard exclusion seals are manufac- 
tured to suit most of the conditions en- 
countered. Occasionally, it may be nec- 
essary to design special seals. Consider 
the following operational conditions when 
selecting a seal type. 


Media requiring exclusion is the most 
important single factor in determining the 
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Sewn Leather 
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Synthetic Leather 


Fig. 6—Reciprocating shaft protected by accordion boot. Boot 
can be sewn leather or synthetic rubber. 


and environment of the mechanism, the 
foreign material encountered can be al 
most anything. The most common gas 
requiring exclusion is air and the water 
vapor it contains. Water is the most 
common fluid that must be excluded. Mud, 
dirt and dust cover a wide range of fre- 
quently abrasive materials. Some semi- 
solids, such as tar, can be very trouble- 
some because of their adhesive property. 


Type of motion is often the next most 
important factor in exclusion seal deter 
mination. Reciprocation and rotation are 
always accompanied by other minor mo- 
tions which complicate the sealing prob- 
lem. With either, there is always some, 
although possibly slight, shaft side play 
or eccentricity. Some end motion or slight 
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reciprocation exists in rotating shafts. 
Frequent reversing of rotation, or oscilla- 
tion can sometimes be troublesome. Con- 
sider also whether the motion is continu- 
ous or intermittent, and how long the 
mechanism is liable to stand idle. 


Lubrication of the exclusion seal lip 
often is sparse. On reciprocating shafts a 
slight film left by the inclusion seal is 
usually sufficient to prevent excessive wear 
and abrasion of the exclusion seal lip. But, 
too thick a film will be scraped off the 
shaft by the exclusion lip. In rotation, 
the exclusion seal must depend upon 
seepage from the inclusion seal. It is 
recommended that lubricant be placed be- 
tween the seals at installation and, in 


type of seal. Depending upon the use 
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some cases, a means of periodic lubrication 
should be. provided. 


Surface speed of reciprocating shaft is 
a problem only when it is unusually high. 
The surface speed of a rotating shaft, how- 
ever, is normally higher, and the con- 
tact is confined to a ring around the shaft. 
Hence, more frictional heat is generated 
than in reciprocation. 


Temperature is seldom high at the ex- 
clusion seal, because it is located at the 
surface of the unit where heat is rapidly 
radiated. Some exceptions exist where 
the exclusion seal is subject to high am- 
bient temperature. 


Pressure differential across the exclu- 
sion lip is low except in rare instances 
where an ambient pressure is exerted upon 
the outside of the seal. If an outside pres- 
sure of more than 10 to 15 psi exists, a 
special exclusion lip may be required. 
The exclusion lip will prevent the entry 
of air and other media with it when a 
vacuum exists within the unit. 


Shaft condition is very important to the 
life and operation of the seal, but unlike 
other conditions, it may be predetermined. 
A shaft finish of from 15 to 20 micro- 
inches is recommended. Too fine a fin- 
ish, however, will not hold sufficient 
surface oil film for lip lubrication, par- 
ticularly if the surface is nonporous. 
Polishing of ground surfaces is recom- 
mended to remove the microscopic sharp 
peaks which may be abrasive. 

To avoid grooving of rotating shafts and 
scratching of reciprocating shafts, a tough, 
nonbrittle hardness of 50 to 60 Rock- 
well C is recommended. Steel makes the 
best material for the seal operation, ex- 
cept that when the shaft must be corrosion 
resistant, hard chromium plating on steel, 
stainless steel, and other alloys and metals 
are used. 





Clearance Seals 





LEARANCE seals limit leakage by 

closely controlling the annular clear- 
ance between the rotating or reciprocat- 
ing shaft and the relatively stationary 
housing. There are two basic clearance- 
seal types: Labyrinth, and bushing or 
ring. These seal types are employed 
when a smail loss in efficiency due to 
leakage can be permitted. Clearance seals 
are used when pressure differentials are 
beyond the design limitations of contact 
seals (face and circumferential). 


Labyrinths 


Advantages of labyrinth seals are: Re- 
liability, simplicity, and flexibility in ma- 


Tttt 


, 
~~ 








Fig. 1—Idealized, straight-through laby- 


It 





Fig. 2—Two idealized, staggered laby- 
rinth forms. 
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terial selection. They are used mainly in 
heavy industrial, power, and aircraft ap- 
plications where relatively high leakage 
rates may be tolerated and where design 
simplicity is an absolute necessity. 

A labyrinth consists of one or more 
thin strips or knives which are attached 
to either the stationary housing or to 
the rotaing shaft. Design clearances be- 
tween the knives and the housing or the 
strips and the shaft are dependent on 
bearing clearances, amplitude of shaft 
runout (vibration) and differential ex- 
pansion. Final running clearances are fre- 
quently established by contact between 
the knife and the housing which rubs 
away or flares the knives. A simple laby- 
rinth is shown in Fig. 1. 

Leakage of a compressible fluid is 
limited when the labyrinth causes the 
fluid to lose velocity pressure as it is 
throttled through radial width of the 
annular orifice. Ideally, the velocity pres- 
sure of the fluid passing through each 
stage or throttling is entirely reconverted 
to a pressure potential in the adjacent 
chamber. Some useful pressure is lost 
because of irreversibility. 

In a practical labyrinth of the straight- 
through type, sealing effectiveness is 
limited because a portion of the kinetic 
energy associated with each stage is car- 
ried over into the succeeding stage. To 
reduce carry-over effects, grooves or steps 
are added between stages to deflect the ex- 
panding fluid into the space between 
strips, Fig. 2. 

The theoretical leakage of any labyrinth 
is a function of the clearance area and 
the discharge coefficient of each stage.? 
Clearance area is directly proportional to 
radial clearance. Hence, theoretical leak- 
age is also directly proportional to the 
clearance. Therefore, clearance should be 
made as small as possible. There is, 
however, a lower limit beyond which 
clearances cannot be reduced. 


‘References are tabulated at end of chapter. 


*Presently with Sperry Gyroscope Div. 
Sperry Rand Inc., Great Neck, N. Y. 
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Clearances: Rotating shafts undergo 
radial motions resulting from an accumu- 
lation of bearing tolerances, dynamic de- 
flections, and thermal distortions. Hence, 
there is a practical minimum for labyrinth 
clearances. Radial shaft motions in ex- 
cess of the clearances result in rubbing, 
causing either strip “mushrooming” or 
burning, which results in an increase 
in radial clearances and leakage. 


Labyrinth Sleeves: To reduce clearances 
and minimize the effects of rubbing, sta- 
tionary labyrinth sleeves are often flexibly 
mounted to permit radial motion rela- 
tive to the fixed housing. However, to 
be effective, the assembly must be pres- 
sure-balanced to minimize frictional re- 
straints caused by high pressure-induced 
axial seating forces. In turbines and com- 
pressors, 0.010 to 0.020-in. radial labyrinth 
clearances are common. This large clear- 
ance requires a great number of strips, 
and results in expensive installations. 


Carbon Labyrinths: A simple expedient 
to achieve the effects of low radial clear- 
ances without incurring the dangers of 
rubbing is the carbon labyrinth. The 
labyrinth knives are located on the shaft 
and rotate within a close-fitting sleeve 
of carbon, Fig. 3. When rubbing occurs, 
generally during startup or shutdown, the 
carbon grooves easily, preventing either 
mushrooming or burning. Carbon groov- 
ing in a straight-through labyrinth re- 
duces leakage since it reduces carryover. 

Applications where labyrinth clearances 
have the same magnitude as bearing 
clearances are usually successful in both 
leakage and life. Clearances smaller than 
the bearing clearances are impractical be- 
cause the weight of the shaft must be 
supported by the knives during shutdowns. 


Windback: A highly effective variation 
of the labyrinth for use with liquid 
seals is the windback. This consists of 
a stationary sleeve surrounding the shaft 
on the low-pressure side of the seal. The 
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sleeve is threaded, usually with a large- 
pitch acme or square-thread form. Wind- 
age created by the rotating shaft acts on 
the liquid film, causing it to “climb” 
along the root of the thread to a position 
where the gravity force component equals 
the windage force at which point the 
fluid crosses a thread and moves towards 
a leak-off tap. This method can be used 
only for zero pressure differential. 


Materials: The labyrinth offers a con- 
siderable ad\.atage as to choice and 
cost of materials. Labyrinth components 
are generally lightly stressed with a com- 
bination of centrifugal and pressure-in- 
duced loads. Low stresses and the rela- 
tive unimportance of wear properties 
mean that, for operations at temperatures 
typical of modern installations, a range 
of suitable materials exist for labyrinth 
components. 


Bushing and Ring Seals 


The bushing-type seal is a close-fitting 
stationary sleeve within which the shaft 
rotates. Leakage from a_ high-pressure 
station at one end of the bushing to a 
region of low pressure at the other end 
is controlled by the restricted clearance 
between shaft and bushing. Ideally, the 
bushing and shaft are perfectly concen- 
tric and no rubbing takes place. Leak- 
age limitation depends upon the type of 
flow and the type of bushing used. There 
are four types of flow: Compressible and 
incompressible, each of which may be 
either laminar or turbulent. Bushings 
are divided into two categories: Fixed 


Air 





breakdown bushings and floating break- 
down bushings, according to whether or 
not they are fixed with respect to the 
stationary housing. 


Leakage: Bushing and ring seals have 
a lower leakage per unit length than 
labyrinths. Despite a frequently higher 
unit cost for bushing and ring seals, it 
is often possible to achieve considerable 
economy in machine size or efficiency 
with these seals. 


Single-Phase Flow: Relations for pres- 
sure drop and leakage rate through a 
channel of fine clearance in the y-direc- 
tion, finite length in the x-direction, and 
infinite extent in the z-direction are ob- 
tained from Fig. 4.2 Flow for these 
equations is considered to be laminar and 
incompressible. 

If hi = ho, @ = degree of surface 
parallelism (parallel surfaces, a = 1; di- 
verging surfaces, a > 1; converging sur- 
faces, a < 1), and B = (a — I)/L, 
then (see Nomenclature) 


h = ho(1 + Ba) 
The pressure at any point in the pas- 
sage, Fig. 4, is determined from 
6h [ qgBa(pa + 2) 
Bho? ho(1 + Ba)? 





P = Po + 
zx 

— (Uy — Uo) | 
1+ Bx 


where Uo and Un are experimentally de- 
termined. 
Similarly, the volumetric flow rate (leak- 


Impeller labyrinth 
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Fig. 3—Three typical labyrinth seals in compressor application. 
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age) per unit length is obtained from 


(Po — P1) Ro®a* 
6pL(a +1) 





oe (Ty + Bed 
(a + 1) 

The effect of eccentricity between shaft 
and bushing is not included in these equa- 
tions but is discussed later. Where fluid 
viscosity is relatively constant, these equa- 
tions give a theoretical leakage rate for 
a given seal geometry. Substitution of 
this leakage rate into the continuity equa- 
tion for an incompressible. fluid gives 
the fluid velocity through the annulus.” 
From this value and the fluid viscosity, 
density, and the annular clearance, it 
is possible to obtain a Reynolds Num- 
ber for the flow. If the Reynolds Num- 
ber is below the critical transition range 
from laminar to turbulent flow, the origi- 
nal assumption of laminar flow and the 
leakage computation are valid. 

Where an incompressible flow is turbu- 
lent or transitional, momentum effects be- 
come considerable, and simple viscous 
theory is invalid. Here the mechanism by 
which the pressure breakdown takes place 
is similar to that of pipe flow with fric- 
tion and may be treated as such. How- 
ever, if the Reynolds Number is within 
the transition region, the viscous-flow 
equations may be used as a first-order 
approximation to set an upper limit for 
leakage. 

For compressible fluid leakage, predic- 
tions are complicated by fluid expansion 
through the clearance space. This is par- 
ticularly so for high pressure ratios. Com- 
pressible fluid flow in a passage of con- 
stant area with friction, can be predicted 
by determining a wall-friction factor upon 
which the rate of flow depends.** For 
clearance-to-length ratios of 0.001 or less, 


Nomenclature 





Effective diameter, in. 
Eccentricity ratio 
Width of flow channel nor- 
mal to the direction of flow, 
in. 
Length of flow channel in 
direction of flow, in. 
Power, hp 
Static pressures, psi 
Total volumetric flow rate, 
in.3/sec 
= Volumetric flow rate per unit 
length, in.3/in.-sec 
* Fluid acceleration in radial 
direction, in./sec® 
= Velocities of the flow at 
y = 0 and y = A respec- 
tively, in./sec 
= Surface parallelism 
= Absolute viscosity, Ib-sec/in.? 
= Angular velocities, rad/sec 
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Fig. 4—Leakage flow through an annu- 


lus of finite length and fine clearance 


momentum effects are subordinate to those 


of viscous friction, and the flow rate is 
best predicted by simple viscous theory 
in which isothermal flow is assumed. A 
low resistance coefficient, related to Reyn 
olds Number, has been derived and dis- 
charge coefficients for clearance seals can 
be calculated from it.5 


Two-Phase Flow: Prediction of flow 
through a bushing in which more than 
one phase of the high-pressure fluid is 
present is common in boiler feed pump 
and pressurized-water reactor control-rod 
seals. Here, the downstream pressure is 
ess than the saturation pressure corre 
sponding to the temperature of water 
within the installation. As the compressed 
or subcooled fluid leaks through the seal, 
ts pressure decreases to the saturation 
point within the seal. At this location 
t flashes into saturated vapor. In such 
cases, pressure ratios corresponding to the 
critical mass flows usually lie between 
he ratio of saturation pressure to inlet 
wessure and the ratio associated with the 
ritical mass-flow rate.*-? For most com 


yuutations this rule is sufficiently accurate 


Effect of Eccentricity: In laminar flow 
an incompressible fluid through a fine 
annulus, leakage is directly proportional 
There 


ore, the flow through eccentric annulus 


to the cube of annular clearance. 


will not be the same as through a com 
pletely concentric one, even though the 
flow area remains constant. The effect 
f eccentricity on leakage is given by 


aRh.? 


Q (Po m)(1 
6aL 


Eccentricity ratio e is the ratio of 
eccentricity to mean radial clearance. For 


1+ 37 


a © 


the fully concentric bushing, 


l Full eccentricity, « l, results 


in a value of 2.5 for the term 

Equation | is valid for laminar in 
compressible flow where there is no rela 
tive motion of the flow boundaries in 
the direction of flow. The effect of full 
eccentricity on transitional and turbulent 
flows is not so pronounced. 


Fixed Bushings: The fixed bushing seal 


consists of a long sleeve, affixed to a 
housing, within which the shaft rotates 
Hence, it is an in- 
expensive assembly. However, since it is 
fixed, the seal behaves like a redundant 
bearing when rubbing occurs and, like 
the labyrinth, requires large clearances. 
Therefore, long assemblies must be used 
to keep leakage within reasonable limits. 
But, long seal assemblies aggravate align- 
ment and rubbing problems. Hence, 
sturdier shafts are required to keep op- 
erating speeds in a subcritical region. 
The fixed-bushing seal almost always 
operates with appreciable eccentricity. 
Hence, the combination of a large clear- 
ance and a large eccentricity ratio pro- 
duces large leakages per unit length. 
Hence, fixed-bushing seals are impracti- 
cal in applications where leakage is un- 


with small clearance. 


desirable 








Floating Bushing and Ring Seals: Clear- 
ance seals which are free to move in 
1 radial direction relative to the shaft 
and machine housing are known as float- 
ing seals. These seals have advantages 
that very close annular clearance-type seals 
Their floating character- 
istic permits them to move freely with 
shaft motions and deflections, thereby 
avoiding effects of severe rubbing. 


do not possess. 


Operational Characteristics: Radial mo- 
tion of the seal ring in a floating bush- 
ing or ring is constrained by: Inertia of 
the ring and any fluid that must be dis- 
placed, friction between the end of the 
ring and the chamber wall against which 
the ring is seated by hydraulic forces, 
and springs (if used). As the rotating 
shaft moves into a position eccentric 
with the bushing bore, hydrodynamic pres- 
sure in excess of the applied pressure 
is built up in the constricted portion of 
the annulus. As soon as the net radial 
force corresponding to the new pressure 
distribution exceeds the force required to 
overcome inertia and friction, the bush- 
ing moves radially until equilibrium is 
again established. 

In general, the inertia and friction 
forces are low when compared to the 
hydrodynamic lift associated with small 
eccentricity ratios and low rotational 
speeds. Hence, particularly in viscous 
fluids, floating bushings and rings be- 


have like lightly loaded full-journal bear- 
ings and tend to maintain near concen- 
tricity under all conditions of low-fre- 
quency shaft motion. 

With floating bushings, the light loads 
involved are such that end-leakage ef- 
fects associated with small L/D ratios are 
relatively unimportant. Naturally, the ef- 
fects of hydrodynamic lift are not ob- 
tainable with stationary reciprocating or 
slowly rotating shafts. For very high- 
pressure applications, the seated end of 
the bushing is often partially vented to 
the high-pressure region to minimize 
friction associated with hydraulic seating 
forces. 


Floating Bushing Types: Three distinct 
varieties of floating bushings exist. Each 
has advantages particularly suited to a 
given range of applications. 


Sealing Dam 


Fig. 5 — Single 
floating bushing. 


In the single floating bushing, Fig. 5, 
an axial spring maintains a seal at the 
radial wall of the chamber under low 
pressure differentials. At high differentials 
the spring may not be required. But 
it may be necessary to reduce the axial 
seating forces by relieving the radial seal- 
ing face of the bushing or the housing. 

At extremely high pressure differentials 
it is bad practice to rely on a single 
bushing to take the entire pressure 
breakdown because of the large bush- 
ing mass necessary. Likewise, if shaft and 
housing are severely misaligned relative 
to the bushing clearance, there is a ten- 
dency for a ring having any appreciable 
L/D ratio to unseat at its radial sealing 
surface. 

The floating ring seal, Fig. 6, over- 
comes these problems. Schematically it 
is exactly like the single floating bush- 
ing except that multiple rings are used. 
Each ring is independent of the others 
in its motion. This independence, com- 
bined with the short length of each ring, 
permits a greater degree of skew between 
shaft and housing with little sacrifice 
in sealing effectiveness. 

Assembly length is increased to the de- 
gree that diaphragms are required to sepa- 
rate the rings. But, the percentage in- 
crease in length is not great. Because 
each ring takes only a portion of the 
total pressure breakdown, the friction and 
inertia forces are small and optimum 
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Fig. 6—Floating ring seal. 





\ 


Fig. 7—Segmented, arch-bound ring-type 
floating bushing with garter spring. Spe- 
cific type shown is Huhn Ring. 


flotation is attained. 

The third type of floating bushing seal 
is a segmented ring which is assembled 
with a garter spring. One typical form, 
the Huhn Ring, is shown in Fig. 7. It 
differs from conventional segmented and 
sprung rings in that the seal ring inter- 
acts with a segmented metal retainer at 
1 chamfered interface. Controlled circum- 
ferential springing maintains a tight seal 
at the gaps and assures a leakproof radial 
sea! between the ring and the gland wall. 


Materials: In fixed-bushing seals, the 
possibility of rubbing must always be con- 
sidered. Materials for these seals are 
therefore generally soft metals or carbon. 
Low-melting alloys, such as babbitt, are 
sometimes used where operating tempera- 
tures are low. Higher temperatures require 
bronzes, aluminum alloys and carbon. 

Differential thermal 
problem at high temperature where the 
shaft and bushing are of dissimilar ma- 
terials or where there is any substantial 
temperature gradient between them. For 
example, the grades of carbon used com 
monly have a coefficient of linear ther 
mal expansion of one-third to one-fifth 
that of steel, necessitating thermal ex- 
pansion control being designed into the 
carbon bushing. 

This is achieved by shrinking the car 
bon into a metallic retaining ring whose 


expansion is a 
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coefficient of expansion equals or exceeds 
that of the shaft material. The section 
modulus of the retainer ensures that the 
interference is taken up by elastic com- 
pression of the carbon. The shrunken 
assembly has a coefficient of thermal ex- 
pansion which is substantially that of the 
retainer material, and operating clear- 
ances may be controlled over a wide 
range of temperatures. 

Floating bushing and floating ring seals 
permit a wider choice of materials than 
do fixed bushings, since bearing contact 
loads are minimized. Shaft scoring is mini- 
mized even with small clearances. There- 
fore, hard materials and those which resist 
scoring are used in addition to carbon and 
softer metals. High-speed air-seal bushings 
often require hard-faced or carbon-lined 
bores which operate around shafts plated 
with a similar material. Oil seals in pipe- 
line compressors are often made of car- 
bon or bronze. For high-pressure water 
seals, the combination of a Stellite float- 
ing ring with a chrome-plated 17-4 PH 
shaft or shaft sleeve is effective. 


Application Factors: When sealing sub- 
cooled water or any fluid which, if per- 
mitted to leak through a seal, would reach 
a saturation pressure and flash into vapor, 
it is necessary to consider the dirt en- 
trained in the sealed fluid. If this dirt 
or foreign matter consists of dissolved 
particles, this debris will be deposited as 
“crud” within the seal at the point where 
flashing takes place and possibly make 
the seal inoperative. 

This usually occurs when the debris in 
the annulus begins to score the shaft, or 
when the side reliefs are choked so that 
the friction forces become excessive. It is 
necessary in such cases to provide for 
the injection of fluid, at a temperature 
lower than that of saturation at the down- 
stream pressure, which then becomes the 
sealed medium and flows both inward in- 
to the machine and out through the 
seal. Multiple floating rings are used 
between the downstream pressure and the 
injection point, and a single ring is used 
to separate the hot and cold fluids. 


The relation between viscous shear and 
seal horsepower requirements for a bush- 
ing or ring seal is 


7 pD* Lw,? 
26,400 No 


The effect of energy dissipation on the 
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seal itself is not considered, However, 
frictional heat input implies a temperature 
rise in the fluid as it flows through the 
seal. This temperature rise not only af- 
fects fluid viscosity but it may also re- 
sult in sufficient heat transfer to the 
bushing and shaft to cause appreciable 
changes in operating clearances. The 
effect can be self-regulating to the ex- 
tent that, for most liquids, a decrease 
in viscosity is associated with a tem- 
perature rise. This in turn produces 
greater seal leakage (and hence more 
cooling), as well as a diminished shear 
intensity, resulting in a lower rate of heat 
input to the seal. 

Nonetheless, because diametral clear- 
ances are usually in the order of 0.001 in. 
per inch of bushing diameter, a severe 
differential temperature rise between shaft 
and bushings can result in seizure. Even 
a temperature rise common to both when 
there is a difference in coefficients of 
thermal expansion, can result in seizure. 

Because clearances, fluid viscosities, and 
heat transfer effects are hard to predict, 
it is necessary to experiment to arrive 
at minimum safe valves. 

It is good practice in such critical ap- 
plications to use bushings of a material 
having a slightly higher coefficient of 
thermal expansion than that of the shaft. 
Here, incipient seizure causes the bushings 
to grow away from the shaft. The larger 
torque associated with high shearing in- 
tensity may necessitate locking the bush- 
ings against rotation if the unbalanced 
pressure forces seating them against the 
housing walls are insufficient to prevent 
rotation. 
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CHAPTER 


Split-Ring Seals 





PLIT rings are used for a large num- 

ber of seal applications. Expanding 
split rings (piston rings) are used in com- 
pressors, pumps, and internal-combustion 
engines. Applications for straight-cut and 
seal-joint rings are common in industrial 
hydraulic and pneumatic cylinders (linear 
actuators), where the ruggedness of piston 
rings is advantageous and where various 
degrees of leakage can be tolerated. 

Use of contracting split-rings or rod 
seals in linear actuators is increasing 
where high pressure, high temperature, 
radiation, thermal fatigue, and need for 
reliability prohibit the use of more con- 
ventional seals or make them less de- 
sirable. 


Types of Split-Ring Seals 


Ring-type seals are primarily energized 
into the sealing position axially by the 
pressure of the medium to be sealed. There 
are two main surfaces against which a seal 
The ID of a cylindrical 
bore and the side of the piston for the 


must be made 
expanding-type seals, and the OD of a 
rod and the side surface of a fixed hous- 


ing or carrier for the contracting-type 
seals. The method by which a split ring 


a Cylinder 


L “Ring joint 
_ 


™ Seal ring 





2 “Piston 


Fig. 1—Action of medium 
on split-ring seal. 


is brought into sealing position is shown 
in Fig. 1. In some seals there are addi 
tional mating surfaces or joints in the ring 
itself that must be sealed. 

In this chapter, the expanding ring is 


most heavily accented. However, every- 


*Presently with Parke, Davis and Co., De- 
trolt, Mich 
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thing said of the expanding seal has its 
exact counterpart in the contracting seal. 


Straight-Cut Seal Ring: The simplest 
and least expensive type of split ring has 
a straight-cut joint, Fig. 2. 

Leakage through the joint is frequently 
of the laminar type through a free pas- 
sage. Hence, it depends on the gap di- 
mensions, resistance of the passage, and 
the pressure and viscosity of the fluid. 
The equation for head liquid loss is (see 
Nomenclature) 

644V 


2gpD? 
From which the leakage velocity is 
(AP)r? 

(AL)Sp 
And, the quantity of leakage is 

Q=VA 

The straight-cut seal ring is used as a 
piston seal for lower grade actuators. Very 
rarely would this type of ring be suitable 
for a rod seal. The expanding force, 
that causes the ring to contract the cy- 
lindrical bore initially at zero pressure, 
comes from the ring itself.1 Ideally, the 
radial force of the ring should be uniform. 
To accomplish this, the ring is made in 
a particular mathematical shape. The 
free shape of a ring which gives uniform 
radial pressure, when the ring is brought 
to the working diameter in the cylinder, 
is given by? 

G 6 
u (1+ sine) ) (1) 


3a 


’ — 


> 


Step Seal Ring: When free-passage type 
of leakage is not permissible, a variety 
of types of positive sealing joints may be 


‘References are tabulated at end of chapter. 


aP 
oO 7 
} 


- 
Sealing Position 


Fig. 2—Straight-cut seal ring. 


considered. The simplest of these joints 
is the step seal, Fig. 3. The step seal 
ring has an overlapping surface on each 


Nomenclature 


= Area, in.? or cm? 
= Axial acceleration, in./sec* 
= Radial acceleration, in./sec* 
= Axial ring width, in. 
= Outside diameter, in. or cm 
= Radial ring-wall dimension, 
in. 
=Modulus_ of _ elasticity 
(Young’s modulus), psi 
= Axial force (hydraulic + 
spring) per unit length, Ib/in. 
= Radial force (hydraulic + 
spring) per unit length, lb/in. 
= Ring gap, in. 
= Change in ring gap (deflec- 
tion), in. 
9 = Acceleration of gravity, in./ 
sec? or cm/sec*® 
hy = Loss of head, in./in. or cm/ 
cm 
A4L = Incremental length in direc- 
tion of velocity, in. or cm 
P, P;, P2 = Pressure, psi 
4P = Pressure differential, psi or 
gm/cm? 
Q = Leakage, in.*/sec or cm*/sec 
r = Equivalent radius, in. or cm 
= VA/r 
= Transverse stress, psi 
= Radial increase of ring in free 
shape over ring in perfect 
circle working shape, in. 
= Velocity, in./sec or cm/sec 
= Coefficient of friction 
= Angle formed by radius pass- 
ing through the back of the 
ring and radius passing 
through a given point on 
neutral axis of ring, rad 
u = Viscosity, lb-sec/in.2 or gm 
mass/sec cm : 
p = Mass density, Ib-sec?/in.* or 
gm mass/cm* 
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Sealing Position 
Fig. 3—Step seal ring. 


Joint of seal 
Cylinder. 
AP 


Seal ring 
Inner ring ~ 
ne 
Sealing Position 
Fig. 4—Two-piece ring. 


Side or backer ring 


Seal ring 


Inner ring 


Sealing Position 
Fig. 5—Three-piece ring. 


Fr 


Radial 
unbalance 


Fa 
Axial 
unbalance 
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"Fp 





Fig. 6—Force diagram for seal. 
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Key Principles of Sealing 


The following are the salient points on the theory 
of expanding and contracting split-ring seals: 


Ring-type seals are primarily energized into sealing position 
by the pressure of the medium to be sealed. 


Straight-cut seals have laminar free passage-type leakage 
and are adequate as expanding rings for the piston seal of 
lower grade actuators. Straight-cut contracting rings are usu- 
ally not good enough for rod seals. 


Step seal rings have positive sealing joints made at an oblique 
angle to the axis of the ring. Seal is for one direction. Leak- 
age is purely accidental and is much less than for a straight- 
cut ring. 


Two-piece step-gap ring is a two-directional sealing ring 
and in general has less leakage than the step seal ring. 


A three-piece ring of the over, under and aside type is a 
single-directional sealing ring and in unbalanced condition 
can be simpler to make than the two-piece ring. A three- 
piece ring of the over, over and under type can seal in two 
directions. Both types are adaptable to small ring size. 


For dynamic sealing, attention should be given to try to 
equalize the radial and axial sealing forces. This is par- 
ticularly important where high coefficient of friction is en- 
countered. 


For dynamic sealing, the lower density materials have ad- 
vantage because of fast response. 


For single-direction seals, pressure balancing by grooving 
will reduce wear. Attention should be given to equalize 
radial and axial forces. Two-piece rings can be better bal- 
anced through the joint than three-piece rings, and there- 
fore, have less joint wear. 


Considerable reduction in leakage is obtained with rod 
seals, especially at low pressures by thinning the walls down 
and loading radially with garter springs and axially with 
multiple helical springs. 


For three-piece rings, dynamic sealing can be improved by 
segmenting and balancing the backup ring. 








half of the ring along an oblique angle. 
It is necessary to seal simultaneously on 
the OD surface, the side surface, and the 
joint surface. 

The perfect surface for the joint would 
be conical, convex on one side of the gap 
and concave on the other. However, this 
is difficult to accomplish. Therefore, the 
concave surface is approximated by a flat 
milled surface cut at an oblique angle. 
The convex surface is milled at a similar 
oblique angle with a radius very much 
smaller than the radius of the true conical 
surface at this point. The convex sur- 
face produces a high unit pressure on the 
other mating surface, and under pressure 
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conforms the joint to more nearly com- 
plete contact. This ring has a cost ad- 
vantage in that it is a single part. 

The equation of radial shape for uni- 
form pressure is Equation 1. However, ihe 
surfaces on either side of @=180 deg, 
which is the center of the gap, do not per- 
fectly coincide. Hence, when very accurate 
circularity across the joint is required, the 
ring should be cylindrically honed. This 
type ring seals in only one direction. Seal- 
ing in two directions is accomplished by a 
pair of rings oppositely aligned, each in 
a separate groove. 


Two-Piece Sealing Ring: To reduce the 


variables in construction of the step seal 
ring, and to seal in both directions, a 
two-piece sealing ring with a step gap 
may be employed, Fig. 4. The joint 
mating surface of this ring is made 
perfectly flat and parallel to the side 
sealing face. This usually results in bet- 
ter sealing. 

Sealing in the radial direction is ac- 
complished by the inner member. The 
mating surface between these two rings, 
the inner and the outer, must be nearly 
perfect in circularity. For the most part, 
leakage in this ring occurs through the 
joint. 

One of the gap mating surfaces of the 
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Radial 
unbalance 
Balancing groove 


OO bleeder 


Fa 


Axial 


unbalance 


Fig. 7—Ring with OD balancing 


nain seal ring is usually flat on one side 
Hence, 
the local load 


and on the other side convex. 
when pressure is applied 
ing conforms the joint to a full contact 
ring is 


micro 


sealing face of this 
than 16 
In special seal applications, the 


The side 
isually ground to less 
inches. 
ring may be lapped flat to 1 to 4 light 
bands. 

To aid initial sealing, especially when 
(the 
yne with the step gap) is usually made 
than the 


member and 


pressure is reversed, the outer ring 


ring 
This 


readily 


smaller in width inner 


(radial seal spring) 


ombination starts to seal more 


ipon application of pressure 


Ring: Extremely accurate 


sealing surfaces are best produced as flats 


Three-Piece 


that can be lapped, or as cylindrical sur 


faces that can be cylindrically ground 


and lapped. Hence, for maximum seal 


ing. all mating surfaces should be of 


these types. The three-piece “over, under 


and aside” ring, Fig. 5, is of this constru: 


tion. It seals in one direction only 


The main sealing ring has a straight 


cut gap that is sealed radially by inner 
ring B and axially by side or backup ring 
C. Width of seal A 


width of 


must be identical 
ring B. For this 


usually lapped together 


with inner 
reason, they are 
Because the wear on the side sealing face 
of A is small, equal widths can be main 
tained. There is no requirement on the 


wall (radial dimensions) of backup ring 


C other than it be somewhat larger than 


the wall of A to overlap the seam 


Three-piece rings have been made with 
two outer rings and one inner, the inner 
ring being as wide as the combined width 
of the two outers. However, it is difficult 
to make the walls of both outers identical 
difficult ‘to 


when wear 


initially and maintain the 


wall identical occurs, since 


the ring away from the pressure gets the 
major wear. This seal has 


certain uses 


in spite of these difficulties. 
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Fig. 8—Force analysis of two-piece ring through joint. 


The three-piece construction is adapt- 
able to small sizes. It is, in many case, 
the only positive seal that can be made 
under | in. diameter. 


Fluid Pressure and Frictional 
Forces 


For rings that must give good dynamic 
sealing as well as static sealing, sealing 
forces from hydraulic pressure must be 
sufficiently large in both radial and axial 
This prevents hangup from 
friction on either the radial or the axial 
sealing surface. 


directions. 


These sealing forces must overcome not 
only the friction on each of the sealing 
surfaces but, for dynamic sealing, must 
be large enough to move the mass of the 
ring fast enough to be effective. A seal- 
ing force predominantly radial may cause 
such large forces on the seal OD as to 
prevent axial sealing; a sealing force pre- 
dominantly axial may cause a large fric- 
tion force on the piston face, preventing 
radial sealing. Other things being equal, 
radial forces should be made approximate- 
ly equal to axial forces. 

Net Sealing Force: Fig. 6 illustrates the 
forces present with two- 
piece rings. For simplicity, this discussion 
considers only hydraulic forces. The me- 
chanical spring forces are neglected. For 
high-pressure hydraulics this does not in- 
troduce serious error. In high-speed, low- 
pneumatic shaft seals, this as- 
sumption is not valid, since mechanical 
springing is a large quantity. 

In Fig. 6, the inner and outer ring 
are considered as a single ring, although 
this is not strictly true. The hydraulic 
radial unbalance force is Fr and the hy- 
The 
corresponding friction forces are 7FrR and 

nF 4. If the coefficients of friction 9 for 
each surface pair are assumed equal, the 
net radial sealing force is Fe — Fa 
Similarly the net axial sealing force is 


unbalanced 


pressure 


draulic axial unbalance force is Fa. 


Fa oF r. 

The physical factors that determine 
the relationship of the radial and axial 
forces are determined mainly by the phy- 
sical dimensions of the ring. The amount 
of radial unbalance is the product of the 
hydraulic pressure and with b of the ring. 
The axial unbalance is the product of the 
hydraulic pressure and the wall of the 
ring, d. Thus, for Fe = Fa, b = d. 

Whenever possible, a ring material 
should be chosen to reduce the coefficient 
of friction and thus minimize the hangup. 

Ring Density and Response: The rela- 
tion of the ring mass to the sealing force 
and speed of response is shown for the 
radial direction in the following form of 
Newton’s second law of motion: 


Fr — 1F4 = pbda,z 
and, for the axial direction, 
F,— Fp = pbda, 


Both the hydraulic and the mechanical 
spring forces are considered here. 

It can be seen from these equations 
that rings of small mass density can 
respond faster than rings of large mass 
density. 


Pressure Balancing 


Whenever there are heavy hydraulic 
pressures in a one-directional sealing ring, 
a considerable reduction in wear can be 
obtained by balancing. This is accom- 
plished by a procedure which involves 
grooving. A circumferential groove is cut 
in the wear surface of the sealing mem- 
ber so as to leave a very thin dam across 
which the pressure breaks down rather 
than across the whole ring width as in 
the ungrooved ring. If the cross sec- 
tion of the ring is stiff enough, the 
radial unbalance across the dam is car- 
ried by the full width of the ring minus 
the width of the groove. If the ring 
is not stiff enough, a larger part of the 
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Fig. 9—Ring with OD and side balancing. 


load will be carried by the dam, and 
wear will be heavier there. The groove 
and pressure breakdown of the grooved 
ring is shown in Fig. 7. 

Grooving through the step joint (for 
the case of a two-piece ring used for 
unidirection sealing) is somewhat com- 
plex and adds to the cost of the ring. 
However, where it is essential to reduce 
wear, it is worthwhile. Grooving through 
a step joint is shown in Fig. 8. 

Balancing never reduces leakage, usu- 
ally the unbalanced ring will leak less. 
It is good practice not to reduce the dam 
below .030” length. Frictional 
quirements may necessitate reducing this 
but at a considerable sacrifice in sealing 
ability. 

When grooving is introduced, attention 
must be given the of the 
changed radial and axial sealing forces. 
If a ring such as shown in Fig. 6 (where 
b d) is grooved as shown in Fig. 7, 
then the and radial unbalanced 
forces are no longer equal, and a very 
poor condition exists. In cases where the 
ratio of the magnitude is greater than 3 
to 1, a correction must be made. This 
can be accomplished as shown in Fig. 9. 
Here the outer ring is beveled to produce 
da br, and side bleeders are added at 
selected points on the inner ring. This 
gives F4 = Fr. No attempt is made on 
the side surface to spread the load over 
a larger bearing surface as done with the 
OD, since the amount of movement of 
the ring on the side surface is 
small and, thus, the wear 
Only exceptional cases would require such 


axial re- 


to relation 


axial 


very 


is nominal. 


a degree of refinement. 

In comparing the two-piece balanced 
ring with the three-piece ring, wear on 
the main section of each ring, of course, 
is identical for equal width and dam 
length. At the joint, which is the only 
point of difference, the wear on the 
two-piece ring is somewhat less than 
for the three-piece ring, Fig. 8 and Fig. 
10. It will be noted in Fig. 8, for the 
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Fig. 10—Force analysis of three-piece ring through joint. 


two-piece ring, that the unbalance through 
sections BB and CC of the joint is not 
severe, whereas in Fig. 10, for the three- 
piece ring, the unbalance through sec- 
tions BB and CC is severe. To minimize 
this effect with the three-piece ring, gap 
G and end-dam width x should be made 
as small as possible. 


Spring Loading 


For low-pressure sealing it is helpful 
to reduce the wall of both the sealing 
ring and the inner ring. This improves 
conformability. With the reduced walls, 
the springing furnished by the inner is 
nearly zero. For this reason, garter springs 
are introduced. Both the seal ring and 
the inner ring are made as dead rings 
with no springing from the ring itself. 

For improved sealing at lower pressures, 
it is also helpful to use axial springing 
of some sort. A wave washer or thin 
slotted ring, called a slotted wave washer, 
may be used, Fig. 11. Spacewise, this 
ring is very good. However, it introduces 
an additional side friction force that may 
be noticeable at the low pressures. In ad- 
dition, the wave washer increases cost. 

Another construction uses multiple heli- 
cal springs. This is illustrated in Fig. 12 
for a two-piece rod seal, where, the seal- 
ing member is the inner ring. By use of 
these multiple springs, some of the side 
friction force is reduced. 

Usually balancing of a three-piece ring 
is so complex and costly as compared to 
a two-piece ring that it is not warranted. 
Unbalanced three-piece rings are about as 
far as it is practical to go. Fig. 13 does 
show a balanced three-piece construction 
but it is not economical. 

Reduction in rod seal leakage has been 
obtained by an axial sealing device called 
a “friction backer spring”. In this de- 
vice, Fig. 14, the pullaway of the seal 
from the side face is minimized by the 


extra resistive force of friction on the 


Fig. 11—Slotted wave washer. 


Multiple 
axial springs 





Garter 





Fig. 13—Three-piece rod seal. 


Garter springs 





Fig. 14—Two-piece rod seal with fric- 
tion backer spring. 
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DESIGN DATA 


Material 


Steel 


Tolerance 
on Cylinder 
Diameter (in.) 


Nominal 
Diameter 
(in.) 

6 —0.000, +0.001 
6-14 —0.000, +0.002 
14-30 —0.000, +0.004 
30+ —0.000, +0.006 


Young’s Modulus (psi) 


30 X 108 

10 — 18 X 10° 
9— 15 X 10° 
15 — 3 X 10° 
0.4 X 108 
0.001 < 10° 








Cast iron 

Bronze 

Carbon 

K-30 (Glass-filled Teflon) 
Rubber (90 durometer) 

















conical surfaces of the friction backer 


spring. 


Split-Ring Seal Application 


Here, the elements of split-ring sealing 
and their relationship: to design are de- 
fined. The fundamental mechanics and 
the selection of ring types, fits, and ma- 
terials are considered. Leakage control 
has already been covered. The remaining 
areas to which these seals are applied 
are defined, particular design problems dis- 
cussed, and examples of typical applica- 
tions cited. 

The elements of the single-gap, split- 
ring seal design problem are: 1. Install- 
ability, 2. Conformability, 3. Stability, 
1. Corrosion resistance, 5. Frictional re- 
sistance, 6. Wear resistance. 


Installability: When a ring is assembled 
»ver a piston head or other member of 
diameter greater than the ring’s ID, there 
is the possibility of fracturing or distort- 
ing the ring by exceeding its elastic limit. 
This pi particularly acute in 
small-diameter, multipiece rings. 


vlem is 


The increase in ring gap required to 
permit the ring to pass over the piston 
head may be times the radial 
thickness (wall) of the ring. This param- 
eter (gap to wall ratio) is a measure 
In smal! rings, the ratio 
of diameter to wall tends toward low 
values if wall thickness is to be sufficient 
This 
ratio is indicative of the ring’s stiffness 
of high stress 
levels associated with the installation of 


many 
of ring strain. 


to permit economical fabrication. 


and is thus the source 


small rings 
The following equation relates stress to 
ring dimensions and deformation: 


~y 


AG 
0.4815 B 
d 
D “\2 
(—--1) 
d / 
Knowledge of seal-ring design, materials, 


and production methods will insure the 
installability of the split-ring seal. 


Conformability: Metallic seals depend 
upon line contact between mating pieces 
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Temperature 


Medium (deg F) 


Seal 


Seal Material Application® 





LOX —300 
Hydrazine 450 
1200 
1200 


Air & most dry gases 900 


1500 


Ocronite 8200 450 


High-purity water (+02) 1200 
]P-4 


Water-steam 350 


Liquid sodium 700 
1200 


*A—actuator seal—piston or rod. 





K-30 (Glass-filled Teflon) 
K-30 (Glass-filled Teflon) 
Stellite 25 or 31 
Inconel-X 

Carbon 

900 17-4 PH or 410 Stainless S 
Flame-deposited carbides 
450 K-30 (Glass-filled Teflon) 
750 LW-l1 on steel 

750 Carbon 

K-30 (Glass-filled Teflon) 
650 Alloy iron 

Stellite 25 or 31 

700 Alloy iron 

Bronze 

Chrome plate on 400 stainless S 
17-4 PH, Inconel-X S 


S—static seal. 


A,S,R 

A,S,R 

AS,R 
S 


AS,R 


ASR 
A,S,R 
AS,R 
AS,R 
AS,R 
AS,R 
AS,R 
A,S,R 
A,S,R 


R—rotary seal. 








of the seal assembly for sealing. The 
split ring must conform to the variations 
in diameter and roundness which are met 
within its range of travel. Since con- 
formability is a function of Young’s 
modulus, metallic seals cannot conform 
like elastomers to substantial magnitudes 
of out-of-roundness, angularity and wavi- 
ness. Table 1 shows elastic moduli for 
materials customarily used in split-ring 
seals. Given a uniform cylindrical mat- 
ing surface, the split, elastic ring can 
conform to gradual changes in diameter 
and roundness. One of its prime assets 
is the ability to compensate for appreci- 
able amounts of ring and cylinder wear 
without impairing its effectiveness as a 
seal 

While a split-ring seal possesses radial 
conformability, it is generally much less 
flexible in the axial direction. Sealing 
depends on the existence of continuous con- 
tact between mating elements of the seal 
assembly. Therefore, such contact must 


be maintained between the ring and the 
groove side. 

This can be assured only if the groove 
side is flat, free of waviness and chatter, 
and square with the axis of the piston 
or other element containing the groove. 
Actual control of waviness is difficult, 
since the frequency of the waves is more 
important than the absolute magnitude. 
A ring might conform to a groove side 
with four waves of 0.0003-in. height where 
it could not accommodate ten such waves. 

Groove sides which are out of square 
with the axis require twisting of the 
ring to accomplish an effective seal. Here 
again, absolute values are difficult to 
give, since ring cross section and the 
pressures involved determine the ability 
of the ring to conform. 

Within controlled limits, a split-ring 
seal at its gage diameter is round and 
exerts a uniform radial pressure about 
its periphery. Conversely, a ring in- 
stalled in a diameter other than its gage 
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Fig. 15—Seal ring in sealing position. 


diameter will not exert uniform pressure 
and may not even contact the cylinder 
at some points. The same is true of 
a seal ring assembled into a noncircular 
housing. 

Due to ring tension and operation pres- 
sures, high localized bearing pressures will 
result in some degree of localized wear or 
“seating.” Most ring seals therefore have 
some level of improvement in sealing with 
initial operation. 

Thus, it is of primary importance that 
the dimensional quality of the seal ring, 
cylinder or housing, and ring groove be 
of the same order. This minimizes the 
run-in or wear-in period, prolongs the 
service life of the assembly, and improves 
over-all performance of the unit. Table 
2 lists typical tolerances and controls ap- 
plied to industrial hydraulic equipment. 


Stability: This property is the ability 
to retain manufactured shape under the 
combination of the stresses and tempera- 
tures experienced in operation. This 
ability to resist “taking a set” is obtained 
by selecting a suitable material and/or 
heat treatment. 


Corrosion Resistance: One factor detri- 
mental to permanence of the dimensional 
quality built into a seal is corrosion, 
which may be caused either by the fluid 
medium or the immediate surrounding 
atmosphere. 

Seals operate in widely diverse media, 
such as liquefied gases at —300F, prod- 
ucts of combustion of rocket fuels at 
2000 F, synthetic hydraulic fluids up to 
1000 F, and hydrocarbon fuels up to 750 F, 
as well as the more familiar hydraulic 
or lubricating oils at temperatures below 
their decomposition points. 

Most of these media are capable of 
chemical combination with many ma- 
terials commonly used in metallic seals. 
Table 3 contains a compliation of ma- 
terials resistant to those media. 

In addition to effects of the media, 
the surroundings may promote corrosive 
attack. Condensed atmospheric moisture 
is a common source of rust. Engine 
seals are often exposed to such water 
acidulated by combustion products. Marine 
applications, of course, must incorporate 
salt-resistant materials. 

High-energy radiation usually renders 
nonmetallics, except carbon, less effective 
within the irradiated proximity. Also, 
irradiation promotes decomposition of 
many fluids, producing corrosive end 
products. 

As a general comment, highly corro- 
sion-resistant metals are notably poor in 
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Coefficient 





Stainless Steel (Ni-Cr type) 
Stainless Steel (Cr type) 
Cast iron 

Ni-Resist 

Carbides 

Stellite 

Aluminum 

Bronze 

Carbon 

K-30 (circumferential) 


K-30 (axial) 





(in./in./deg F) 
10 X 10% 

6 X 10% 

6-8 X 10° 

11 X 10° 

3-4 X 10¢ 

8 X 10° 
12-13.5 X 10°¢ 
10 X 10% 
15-2 X 10°¢ 
30 X 10°¢ 

90 X 10°¢ 








their ability to “live” in dynamic con- 
tact with other metals. While the corro- 
sion resistance of the 300 series stain- 
less steels is unquestionable, their charac- 
teristic low hardness, low permissible 
stress, and poor compatibility with other 
metals limit their application to seals 
of very flexible cross section and operated 
at low pressures and rubbing velocities. 
Hence, they are not included in Table 3. 


Wear Resistance: As a broad subject, 
wear resistance has two major subdivi- 
sions: Compatibility, and abrasion resist- 
ance. 


Compatibility is a characteristic of a 
mating pair of materials and cannot be 
ascribed to a seal material alone. Present- 
ly, no entirely adequate method of pre- 
dicting the compatibility of a pair of 
materials has come into general use, and 
dry and lubricated wear tests are relied 
on to evaluate this characteristic. Com- 
patibility is not absolute and, with many 
pairs of materials, it varies widely with 
temperature, pressure, rubbing velocity, 
lubricant, and combinations of these fac- 
tors. 

Historically, compatibility has not been 
a serious problem, since most seal re- 
quirements could be satisfied by gray 
irons or bronze. More recently the rapid 
extension of the temperature range, in 
both directions, the increase in operating 
speeds and pressures, and the frequent 
occurrence of corrosive, nonlubricating 
media have combined to demand the per- 
formance of innumerable compatibility 
evaluations. 


Resistance to abrasive wear, too, is a 
characteristic of a pair of materials. 
Hardness has been, and continues to be, 


an effective means of reducing abrasive 
wear, since it enables the ring to scrape 
abrasives along the surface of the bore 
without their becoming embedded in either 
of the mating elements. 

Another material characteristic which 
is valuable in promoting resistance to 
abrasive wear is an open structure. The 
small voids in the material entrap many 
abrasive particles, preventing their ap- 
plication to the mating surface under 
high, localized unit pressures. The re- 
duced width of wiped surface materially 
improves resistance to wear. Where the 
fluid medium has any lubricating prop- 
erties, its presence in the voids further 
reduces seal ring and cylinder wear. 

Open structure is partially responsible 
for the good wearing qualities of the 
familiar piston-ring irons. In “tighter” 
materials, small grooves may be introduced 
in the seal face to receive both abrasives 
and lubricants. The improved wear re- 
sistance indicates that these grooves serve 
the desired purpose. 


Mechanical Aspects: Fig. 15 shows a 
seal ring in sealing position, and illus- 
trates the basic mechanical aspects of 
split-ring sealing: 

1. The split-ring seal must be installed 
with freedom to move axially and radial- 
ly to seat against the mating surfaces. 

2. The seal depends upon fluid pres- 
sure to create the axial seal and to assist 
in the radial seal. 

3. Axial clearance must be assured. It 
is customary for the design engineer to 
specify side clearance implicitly via a 
suggested minimum groove width. 

4. The radial split and tension in the 
ring make circumferential conformability 
possible. 
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DESIGN DATA 


Temperature 


Material (deg F) 





Low-alloy gray trons 650 
Malieable tron 700 
Ductile iron 700 
Ni-Resist 800 
Ductile Ni-Resist 1000 
410 stainless steel 900 
17-4 PH stainiess steel 900 
Bronze 500 
Stellite #31 1200 
Inconel X 1200 
Tool steei, Re 62-65 900 
Carbon (high temp.) 950 
K-30 (glase-filled 
Teflon) 


8-Mone!l 950 


450 to 





Temperature 
Surface Treatment (deg F 





Chromium plate 500 
700 

600 

nickel plate 1000 

Flame Pilate LW1 1000 
Fiame Piate LC-1A 1600 
Fiame Pilate LA-2 1600 











Proper shape in the free state is 


required to yield uniform installed radial 


ressure 


6. Sealing surfaces of the split rings and 
ating groove surfaces must be manu- 
factured flat, smooth, and coplanar, and 


1 good order of dimensional control 


These basic considerations apply to the 


application of split-ring seals to reciprocat- 


ing, rotating or static installations 


Specification: Here is the information 
that should be supplied by the designer 
to enable seal manufacturers to establish 
the optimum seal 

Leakage rol can be improved by 
increasing the rt mb r ¢ f rings of a given 
type, or by specifying a more effective 


and closer dimensional 


of design, ma 


terial and bri mn Where absolute 
minimurn arag T andatory. 
balancing is feasible, but practical allow 


ance for drag should be made 


pressure 


Life of split-ring seals is unlikely to be 


a problem. For suitably paired materials, 
wear rates are negligible for all practical 
purposes. Also, the very nature of the 
split-ring seal provides compensation for 
wear and, thus, extends service life. 


Envelope allowance for split-ring seals 


must be well defined. Generally, O-ring 
cavities are too small, and stuffing box 
allowances are too large. Optimum de 


signs are quite rigid as to space require- 





Fig. 16—Typical two-piece seal ring ap- 
plied as piston-head seal. 


ments. Manufacturing limitations in- 
fluence the type of seal available for 
use in small sizes (under | in. diameter). 


Fluid medium must be specified. It 
will control leakage rates due to viscosity, 
and may or may not serve as a lubri- 
cant. Closely linked with the medium 
is the presence of contaminants, which 
may interfere with seal function or cause 
Also, during idle or storage time, 
the medium may cause corrosion. This 
is particularly true if the system is pneu- 
Atmosphere, 
particularly at sea, can be a major cause 


wear. 


matic or must be stored dry. 


of corrosion. 


Pressure characteristics are important, 
principally because they control leakage. 
Pressure also establishes general propor- 
tion and basic design of the system. High 
pressures cause deflections that must be 
taken into consideration. Pressure con- 
trols drag of split-ring seals, and the 
presence or absence of pressure reversals 
controls seal design. Pressure surges must 


be taken into account. 


Motion 


sidered. 


characteristics must be con- 
The factor of direction of mo- 
tion with respect to direction of fluid 
pressure must be taken into 
Allowance must be made for hunting, if 


account. 
inherent in a system. Acceleration versus 
mass may result in unseating, especially 
if drag is borderline 


System temperatures influence leakage 
rates, clearances, and the specification of 
materials. Fluid viscosity is a function 
of temperature. Leakage, in turn, usually 
varies inversely with viscosity. Also, the 
relative linear coefficient of thermal ex- 
pansion of the materials in the seal as- 
establish minimum 


Table 4 gives coefficients for 


sembly permissible 
clearances. 
typical seal materials 

The physical properties of seal materials 
at operating temperature are significant, 
since split-ring seals are subjected to dy- 
namic operating stress superimposed upon 
the assembled closing stress (tension). 


Mating surfaces, particularly the cylin- 
drical surfaces, are extremely important, 
und must always be considered as to ma- 
terial, finish, and dimension. Frictional 
compatibility of materials must be estab- 
lished as a pair, especially at operating 
Coefficient of friction and 
the relative wear rates of any two ma- 


temperature. 











Fig. 17—Contracting rod seal. 


terials on bench tests are usually in- 
dicative of compatibility, wear, drag, and 
generated heat to be expected in prac- 
tical applications. Apart from coefficient 
of friction and actual wear rates is the 
tendency of materials as a pair to scuff 
and seize. In some applications the elec- 
trochemical relations must be considered, 
especially if the medium affords the op- 
portunity for electroghemical action. 

Lubrication is significant. If the medi- 
um is not a lubricant, one may be ap- 
plied to surfaces. Such lubricants may be 
required only during break-in, or required 
for the life of the seal. In some cases, 
dry film lubricants are effective in es- 
tablishing satisfactory performance. 

Determination of Type: Selection of 
optimum split-ring seal type can be read- 
ily accomplished from the following rules: 

1. If leakage will be within acceptable 
limits the straight-cut seal ring is simplest 
and most economical. 

2. If a unidirectional seal is required 
and leakage is not extremely critical, the 
standard step seal ring is used down to 
13%-in. shaft diameter. Special high- 
precision step seal rings are available for 
critical leakage applications. 

3. For smaller unidirectional seals, a 
three-piece ring may be used. 

4. For bidirectional seals, the two-piece 
ring is used. 

5. Pressure balancing can be applied to 
reduce drag. 

6. In critical leakage applications char 
acterized by either transient pressures or 
continuous low pressures, side loading may 
be incorporated to reduce leakage by en- 
suring contact between ring and groove 


side 
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Fig. 18—Rotatine-shaft seal. 
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Fig. 19—Butterfly-valve seal. 


Determination of Material: The inherent 
properties of seal-ring materials that must 
be considered in design are: Transverse 
rupture strength, impact strength, modulus 
of elasticity, hardness, and heat stability. 

Heat stability is the term applied to 
the ability of a material to retain its 
properties at elevated temperatures. The 
heat stability limit, or maximum operat- 
ing temperature, indicates the temperature 
above which a seal ring may either be- 
gin to lose gap and tension, or where 
the hardness and thus the scuff and 
wear resistance may begin to diminish. 
It may also be the temperature sufficient 
to promote oxidation. Combinations of 
high pressure and velocity may generate 
appreciable heat via friction. Table 5 
indicates desirable operating 
temperatures for most of the materials 


maximum 


and surface treatments used in sealing 


rings. 


Areas of Application: Most split-ring 
sealing can be divided into five basic 
categories of application: Piston-head seals, 
contracting-rod seals, rotary seals, butter- 
fly-valve seals, static seals. 

Piston Head (Linear Actuator) Seal: 
The most common application of split- 
ring seals is the piston-head seal, wherein 
an expanding split ring establishes a seal 
between a cylinder and a piston recipro- 
cating within the cylinder, Fig. 16. 

Ring seals may be applied singly or 
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Fig. 20—Static seal. 


in series. Industrial experience indicates 
that a second step seal ring will reduce 
system leakage by about 15 per cent. 
The third and subsequent rings are of 
little immediate value, but they may 
materially extend overhaul times by com- 
ing into operation wher, wear has re- 
duced the effectiveness of the first ring. 
Contracting Rod Seal: Split rings have 
long been applied as contracting (rod) 
seals. Currently, they are the subject of 
intensive research programs to develop 
seals for the high-temperature, high-pres- 
sure aircraft control systems. Fig. 17 illus- 
trates a typical contracting rod seal. 
Tension of contracting rings is limited 
in comparison to that possible in ex- 
panding rings. It is, therefore, often 
necessary to resort to spring loading to 
ensure the best conformity of seal ring 
A built-up housing is usually 
to accommodate contracting 


to the rod. 
necessary 
seals. 

In aircraft applications, where maximum 
sealing effectiveness is demanded, this 
level of performance is accomplished at 
the expense of complication. 

Rotating-Shaft Seal: The industrial ro- 
tating-shaft seal is another common ap- 
plication of split-ring seals. Fig. 18 illus- 
trates a typical installation. 

An expanding ring, under the action 
of its own tension and the pressure to 
be sealed, must remain stationary with 
respect to the bore. All relative motion 


6—SPLIT-RING SEALS 


occurs between the ring and groove sides. 

A further requirement is that the avail- 
able pressure must position the ring 
against the groove side to complete the 
seal. This imposes rather close limita- 
tions on the ring cross section and un- 
stressed shape. 

Butterfly-Valve Seal: Butterfly-valve seal 
rings are illustrated in Fig. 19. This 
configuration is applied, with little varia- 
tion, to valves of diameter from 1 in. 
to 10 ft. 

For effective sealing, the ring must 
contact the valve throat continuously, and 
the ring and groove sides must be smooth 
and flat enough to yield continuous side 
contact between these two elements of 
the seal. Frequently, two very narrow 
rings with straight-cut joints will be 
assembled into a single groove. In large 
sizes, segmental pinned rings with posi- 
tive seal joints are utilized. Closer than 
average control of ring wall (radial) di- 
mension and groove depth are exercised, 
since this is the only ring type which 
is positioned by the groove bottom. 

Excessive back clearance permits the 
seal to drop while the valve is open 
and may cause binding upon closure. 
Since the relative motion between these 
rings and the valve throats is of small 
order, compatibility is much less im- 
portant than the ability to retain shape 
under the temperatures and pressures 
to which it is exposed. 

Static Seal: The utilization of split ring 
seals in static installation comprises the 
last broad area of application. Fig. 20 
shows a typical static seal configuration. 

There is no relative motion except, 
perhaps, thermal expansion. Metallic 
seals in static applications are usually 
ipplied where temperatures exceed 400 F. 
herefore, thermal stability and corrosion 
oxidation resistance are the primary 

ynsideration. 
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Axial Mechanical Seals 





Y convention, the term axial mechanical seal, or end-face 

seal, designates a sealing device which forms a running 
seal between flat, precision-finished surfaces. Used for rotating 
shafts, the sealing surfaces usually are located in a plane at a 
right angle to the shaft. Forces which hold the rubbing faces 
in contact are parallel to the shaft. 

Axial mechanical seals replace conventional stuffing boxes 
where a fluid must be contained in spite of a substantial 
pressure head. These seals have many advantages: 

l. Reduced friction—power losses. 

2. Elimination of wear on shaft or shaft sleeve. 

3. Zero or controlled leakage over a long service life. 
4. Relative insensitivity to shaft deflection or endplay. 
5. Freedom from periodic maintenance. 

Axial mechanical seals do have disadvantages. As a precision 
component, it demands careful handling and installation. 

While differing in design detail, all mechanical seals make 
use of the following elements. |. Rotating seal ring. 2. Sta- 
tionary seal ring. 3. Spring-loading devices. 4. Static seals. 


The rotating seal ring and the stationary seal ring are spring 
loaded together by the spring-loading apparatus, and sealing 
takes place on the surfaces of these two rings which rub to- 
gether. The static seal component of an axial mechanical seal 
stops leakage of fluid past the juncture of the rotating seal 
ring and the shaft. 

Since the rotating seal ring is stationary with respect to the 
turning shaft, sealing at their junction point is accomplished 
easily through the use of gaskets, O-rings, V-rings, cups, and 
so forth. 

The first part of this chapter discusses general-purpose axial 
mechanical seals, covering design considerations for all conven- 
tional problems. The second portion of this chapter covers in 
detail the metal-bellows mechanical seal, which uses a metal 
bellows as its static sealing element. This particular type of 
axial mechanical seal is used for extreme temperature service 
and where other types of static sealing elements cannot be used 
effectively. These seals are efficient, and reliable, but are ex- 


pensive. 


General Types 
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ib Rpm main advantage of an end-face 
seal is its low leakage rate. For 
example, the ratio of leakage between 
mechanical packings and end-face seals 
average about 100 to |. In addition, 
the end-face seal causes little wear of the 
sleeve or shaft on which it seals. Dy- 
namic sealing is created on the seal faces 
in a vertical plane to the shaft. Very lit- 


Seal Head Unit 


O-ring shaft seal 


Spring assembly 


Housing and seal face member 





\ 


\ 


Seal Seat Unit 











tle relative movement occurs between the 
seal head and the sleeve or shaft on which 
it functions. Replacement of the sleeve 
or shaft underneath the seal is, therefore, 
seldom required. In most instances, the 
end-face seal can be either automatically 
assembled into a box or can be set into 
the unit by use of dimensional references. 











Manual adjustment does not have to be 
relied on, since uniform assembly can be 





easily accomplished. 
Standard end-face seals have been used 


under pressures up to 3000 psi in heavy- 


Fig. 1—Basic end-face seal design. The seal head can be utilized as either 
the rotating or stationary element. 
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duty process pumps, for speeds exceeding 
50,000 fpm in aircraft applications, and 
for temperatures above 500 F. Also, seals 
have been developed for temperatures ap- 
proaching 1000F in certain aircraft and 
missile applications. In addition, com- 
mon shaft deflections can be tolerated by 
end-face seals. Arriving at the correct seal 
for a given application requires a thor- 
ough knowledge of the design considera- 
tions involved. 

The basic development of an end-face 
seal is shown in Fig. 1. A shaft with a 
simple O-ring as its sealing member is 
provided with a housing that incorporates 
one of the sealing faces. The housing en- 
closes the O-rings and effects a preload on 
the shaft, thereby insuring its sealing. A 
spring assembly is added to energize the 
end-face member axially, providing spring 
pressure against the end-face member to 
keep the faces together during periods of 
shutdown or lack of hydraulic pressure in 
the unit. To complete the basic seal, a 
stationary member is incorporated in the 
end cap of the unit. 

A complete seal consists basically of 
two elements: The seal-head unit, which 
incorporates the housing and end-face 
member and the spring assembly, and the 
seal seat, which is the mating member 
that completes the precision lapped face 
combination. 


Stationary and Rotating Seals 


The seal head is used either in rotating 
motion, with relation to the shaft, or in 
stationary construction, tied into the 
equipment body. If the seal head rotates, 
the seal remains stationary and converse- 
ly. This is true except in rotary-joint type 
designs, where both members may be sub- 
ject to some form of rotation or oscilla- 
tion. 

Head Types: The method of sealing, ro- 
tating or stationary, depends on the direc- 
tion of pressure, Fig. 2. These examples 
show the direction of pressure to keep the 
seal faces closed. The use and limita- 
tions of each method further depends on 
the particular seal application. 

Rotating heads are most commonly used 
with shafts that are machined to a close 
tolerance from comparatively high-grade 
materials. The use of the rotating seal 
has a direct relationship to the correct di- 
rection of pressure when the seal is used 
inside of a stuffing box. Materials used 
in these seals are subjected to compressive 
stresses rather than the more critical ten- 
sile stresses. These seals are generally as- 
sembled on relatively simple sleeves or 
shafts. 

Stationary heads are best applied when 
comparatively high speeds are encountered. 
The stationary seal head, with its ro- 
tating seat member, requires less critical 
dynamic balancing because the seal head 
has less mass than the seal seat. Further- 
more, by simply holding close tolerances 
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Rotating Seal Heads 
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Pressure on outside of faces 





Stationary Seal Heads 





Pressure on inside of faces 


Fig. 2—Methods of sealing rotating and stationary seal heads. 


on the direction of operating pressure. 
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For Rotating Heads 
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Clamped Inverted Pressed 
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Fig. 3—Seal seats for rotating and stationary seal heads. 
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Pusher Types 


Fig. 4—Shaft-sealing configura- 
tions for pusher and bellows- 
type seals. 


on this seat member, a more perfect dy- 
namic balance can be attained than by 
having to control all of the tolerances on 
the seal-head components. In some appli- 
cations, where operating conditions are 
simple, stationary seals are also consid- 


Elastomer 








Bellows Types 


ered more practical because of the space 
configuration available for the seal. 
One disadvantage of the stationary seal 
is the close bore tolerance and high-grade 
polish or finish which must be main- 
tained on the material. Often, special fea- 
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Wave Spring 


Fig. 5— Spring types 
for preloading sea! 
faces. 





Multiple Spring 





Spring 


Fig. 6—Positive-drive methods. 
torque at seal faces is eliminated. 
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“Press Fit or Shrink 
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seal elements by 


induced in 








tures such as auxiliary liners, sleeves, or 


adapters must be used to retain the me 


chanical advantages of this seal. 


Seat Types: Seal-seat design varies with 
seals, Fig. 3. A 
designs, all of 


rotating and stationary 


greater variety of seat 
which can readily be adapted to an end 
plate, are available for the rotating seal 
head 

Where brittle materials such as ceramics 
are used, it is important that stress, caused 
by the sealing element in the seat, places 
the seat itself in compression. On the 
other hand, in attempting to seal a rotat- 
ing seat, the choices become decidedly 
more limited. If a 


used on the ID of the seat member, any 


common O-ring is 


swell created by this O-ring places the 


seat material in tension. This is rela 
tively danzerous for brittle seat materials 
Choices of elastomers and seat materials 
can be effected to overcome this factor, 


but the choice is more critical with a ro- 


tating seat member 


Shaft Sealing 


Shaft sealing elements include the 
O-ring, V-ring, U-cup, wedge, and bel- 
lows, Fig. 4. 

The first four of these elements consti- 
tute one category—the “pusher-type” seal. 
As the face wears these sealing elements 
are pushed forward along the shaft to 


maintain the seal. 


Pusher-Type Elements: For the case of 
the O-ring, the hydraulic pressure and a 
mechanical preloading factor provide the 
sealing effect. 

For the V-ring, U-cup, and wedge, the 
sealing function is created by mechanical 
and hydraulic means. Mechanical pre- 
loading to the shaft is provided by spring 
action incorporated in the seal design and 
by hydraulic pressure in the stuffing box. 

The V-ring and U-cup designs seal at 


the shaft surface and at the mating sur- 
face of the housing. The sealing action is 
obtained from both spring force and hy- 
draulic pressure acting against the spreader 
element, which reacts against the wings 
of the seal, spreading it in both direc- 
tions. 

Typical pusher-seal materials include 
elastomers, plastics, asbestos and metal. 
Proper combination of pusher-seal mate- 
rial and design is required to best perform 
the sealing function. For example, high 
pressures with fluctuations in temperature 
ranging from as low as —100F to as high 
as 400 F and 500 F can be sealed by using 
an elastomer O-ring designed with close 
clearances. However, for an O-ring made 
from a plastic material, such as Teflon, 
the cold flow characteristic under the 
same temperature differential could elimi- 
nate the sealing function. 

As the temperature decreases in V-ring 
and U-cups, the Teflon attempts to shrink. 
This shrinkage affects the complete part, 
both inside and outside diameter. The 
only deterring factor against this shrink- 
age is the spring force and the hydraulic 
pressure coming from the box against the 
wings of the V-ring. 

At lower temperatures the Teflon be- 
comes brittle, making it more difficult to 
keep the wings spread apart. It becomes 
a question of how much mechanical and 
hydraulic pressure will be required to re- 
tain perfect sealing on both the inside 
diameter and outside diameter of the 
V-ring. 

For a wedge-shaped Teflon element, de- 
creasing temperature creates the seal at 
the junction of the shaft and tip of the 
taper on the mating surface. As the 
Teflon shrinks it becomes tighter on the 
shaft and goes deeper into the mating 
taper. This action is independent of the 
amount of hydraulic pressure in the box. 
As temperature increases, the wedge can 
creep farther out of the taper, causing a 
breathing cycle. 

The wedge acts as a ball and socket 
joint in the mating taper of the housing 
and can take over 0.1 in. shaft deflection 
at relatively slow speeds in certain ap- 
plications. But, the U-cup and V-ring 
of the same material and with two 
parallel surfaces can only take a small 
percentage of this shaft deflection. Under 
the relatively slow speeds, where a high 
degree of shaft deflection must take place, 
the wedge is most practical. 


Bellows-Type Elements: The bellows- 
shaped sealing member differs from the 
pusher type in that it forms a static seal 
itself and the shaft. Hence, 
all axial movement is taken up by 
bellows flexure. Molded elastomers are 
used for one design, and plastic and 
corrugated metal or welded-disc forms are 
used for another, Fig. 4. The static seal 
between the bellows and shaft is obtained 
by preloading the tail section of the 


between 
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elastomer bellows with a metal member. 
Chemical adhesion and mechanical pre- 
load are both required for sealing action. 
With metal bellows, the metal tail section 
of the bellows is either welded or bolted 
to a fixed point on the shaft, providing 
the static seal. 

The sstatic-seal element, unlike the 
pusher-type member, is not subject to dust 
contamination. Any foreign material col- 
lecting in front of the pusher-type mem- 
ber may produce a barrier. This hazard 
is reduced with the bellows seal because 
foreign material does not come in contact 
with the dynamic portion of the seal. 


Face Loading 


To keep precision lapped sealing faces 
closed during the absence of hydraulic 
pressure, some form of a mechanical load- 
ing device, generally a spring, is required. 

Single Spring: A single-spring seal, Fig. 
5, with a comparatively heavy coil, with- 
stands a high degree of corrosion. Limita- 
tions in this design depend on whether 
the single coil spring in the specific seal 
is designed to create uniform loading 
characteristics and whether the axial space 
required is a dimensional hazard. In ad- 
dition, centrifugal force has a reaction on 
the coil which tends to unwind it. 


Multiple Spring: The multiple spring 
design, Fig. 5, has a shorter axial require- 
ment than the single coil spring. Multiple 
combinations of the same spring can be 
used with seals of many sizes. In addi- 
tion, face loading can be more readily 
varied simply by adding or subtracting 
springs. Variations in face loading can 
be attained with a single coil spring, but 
the rate of deflection is such that it re- 
quires a large axial displacement to effect 
a relatively small force change. Multiple 
springs also resist unwinding from cen- 
trifugal forces to a much higher degree 
than single coil springs, since the forces 
act differently and the springs are caged 
in retainers. 

A disadvantage of small springs is the 
small cross section of the wire which can 
corrode easily. However, stainless steels 
und Hastelloys can compensate for much 
of this disadvantage. 


Wave Spring: Wave-type springs, Fig. 5, 
are washers into which waves have been 
formed to provide a given amount of 
mechanical loading. They require axial 
space. Disadvantages lie in the temper- 
ing requirements which limit selection of 
materials to those which are not as cor- 
rosion resistant as stainless steels and 
Hastelloy. Also, a greater change in load- 
ing for a given deflection is required. 


Magnetic Force: A new method of load- 
ing that eliminates springs completely uses 
magnetic force. However, this technique 
requires complete absence of magnetic dirt 
or foreign matter, short axial faces, cen- 
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Environment Seal Seat Material 





Water Carbon graphite 
(also carbon graphite con- 
taining various 
copper, lead, babbit, etc.) 


Tungsten carbide 


Carbon containing 
various metals 





Caustics Carbon graphite 


Carbon graphite 
(nonmetallic) 


Carbon graphite 
(metallic, for dilute solutions) 


Carbon graphite 


Ceramic 


Carbon babbit 


Carbon babbit 
Stellite on stainless 
Tungsten carbide 
Bronze 


Carbon graphite 


Ceramic 


Gasoline Carbon graphite 


Carbon graphite 


Cast iron 
Graphite molybdenum 
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Seal Head Material 











Bronze 

Ni-resist 

Nickel cast iron (for constant 
operation only) 

Ceramic 

Stellite (hard facing on 316-stainless 
or any stabilized stainless) 
Tungsten carbide 

Malcomized 316-stainless 
Carbon-filled Teflon 

Glass-filled Teflon 

Chrome plate on various parent ma- 
terials (must be thick enough) 
Ceramic facing on stainless 
Tungsten carbide 

Stainless steel (series 400, hardened 
to Rockwell C-50 or higher) 





Carbon-filled Teflon 
Stellite-faced stainless steel 
Hard-faced 316-stainless steel 


Stellite-faced stainless steel 


Stainless Steel 
Ceramic 

Monel 

Ceramic-faced stainless 
Ceramic 

Phosphor bronze 


Aluminum bronze 
Aluminum bronze 
Tungsten carbide 
Laminated plastic 


Hard-faced 316-stainless 

Carpenter 20 stainless 

Stellite 

Chromium boride 

Ceramic 

Hasteloy A, B, C 

Carbon-filled Teflon (for non-oxidiz- 
ing acids) 

Stellite (attacked by many min- 
eral acids) 

Glass-filled Teflon (oxidizing acids) 
Tefion 


Cast iron 

Carbon-filled Teflon 
Glass-filled Tefion 

Ni-resist 

Nitralloy 

Ceramic 

Stellite facing on stainless steel 
Stainiess steel, 400 series 


Bronze (for few applications) 
Ni-resist 

Cast iron 

Ceramic 

Stellite (hard facing on 316-stain- 
less steel, especially for high pres- 
sures and high velocity) 

Tungsten carbide 

Malcomized 316-stainless 
Carbon-filled Teflon 

Glass-filled Teflon 

Sintered iron or bronze 

Nitralloy, hardened 

Tool steel, hardened 

SAE-1040 steel 

Stainless steel (400 series hardened 
to Rockwell C-50. This is general 
recommendation as 316-stainless is 
not hardenable) 

Bronze 

Bronze 
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DESIGN DATA 


trifugal force to throw the magnetic par- 
ticles off of the seal, and a relatively non- 
corrosive environment or corrosion resist- 
ant magnetic element. This method is 
not in common use. 


Positive-Drive Methods 


Positive drive is applied to seal de- 
signs to eliminate stress on elastomers and 
plastics and to secure mechanical engage- 
ment between relatively strong seal mem- 
bers or between seal members and the 
operating unit. 

Without torque 
present at the seal faces will be trans- 


positive drive, any 
mitted to the shaft by the elastomer, re- 
sulting in elastomer twisting, hardening, 
cracking, and breakdown. 

There are, however, seals commercially 
without mechanical 


available positive 


drives. These are usually used in low 
cost units. A considerable number of posi 
tive-drive methods are used, some ol 


which are shown in Fig. 6 


Dent drives are generally utilized be 
cause of their simplicity and comparative 


economy. 


Key drives are rugged drive forms and 
sre used in high pressure, comparatively 
large units, such as seals for pipeline and 
other high-pressure refinery applications 

Set screws are simple. Standard varieties 
such as oval, pointed or knurled ends are 
used, depending on the amount of drive 
required and the materials with which 


the set screw is being mated. 


Pins, dowels and rol! pins are common 
ly used on both the seal head and the 
seat element When used in the seal 
head, the possible fulcrum action they 
must withstand in relation to face torque 
must be considered They can be used 
in the seat element to eliminate a spinner 
when the seat is used in stationary form 
This is especially true when the sealing 
member is made from a “short memory” 
material, such as Teflon which can cold 
flow or with elastomers that have taken 
a set due to temperature or liquid re 
action In the rotating-seat design, the 
pin drive ties the seat element to the 
shaft with a secure metal to metal con 
struction, thereby eliminating slippage and 
the necessity for the sealing member to 


retain its drive characteristic. 


Snap-ring drives are often used where 
axial space limitations prevent the use of 
other types of drive and, most important, 
when cutting of a snap-ring groove in the 
shaft is possible without creating excess 
shaft weakening. The snap ring provides 
more friction in its mating grooves than 
can be created by the seal faces. Under 
extremely heavy-torque conditions, slip- 
page between the snap ring and its mat 


ing groove can result 


38 


Slot and ear drives are a rugged method 
of engaging metal to metal, especially 
when the slots and mating ears are used 
in multiple forms. This is one of the 
better methods to insure positive engage- 
ment between two parts that have rela- 
tive axial motion. Its basic design also 
allows for the high degree of flexibility 
generally incorporated in the seal-head 
design. 


Elastomer drives act through a combina- 
tion of mechanical preloading and chem- 
ical adhesions. Certain elastomers, when 
mounted on a shaft with mechanical pre- 
load, will adhere strongly and provide a 
good positive drive. Although an O-ring 
made of elastomer has some drive poten- 
tial, the contact area between the ring and 
shaft is relatively small in comparison 
with the bellows design. The tail sec- 
tion of the bellows is designed with a 


comparatively large contact area on the 
shaft. Not all elastomers create ideal 
drive characteristics. Those that lack this 
desirable feature can be considered if, in 
one form or another, the positive drive 
area of the sealing member is given a 
special treatment. 


Spring drives engage the seal head— 
either by mechanically preloaded end 
coils or by further mechanical engagement 
between tangs protruding from end coils 
into mating slots. Advantages of this 
drive include added coil weight and pre- 
load strength between spring and mating 
members. However, the sturdiness added 
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Fig. 7—External cooling methods. 
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Clear liquid injection 





Sealed throot 


bushing 


Plain throat bushing 





Floating end-face 
bushing 


Throat-Bushing Technique 

















Double -Seal Technique 


Fig. 8—Methods for isolating seal fluid from pumpage. 


to the spring by means of extra heavy 
coils results in an undesirable rate of de- 
flection. Hence, considerable face load- 
ing is lost in a very short axial move. 
Therefore, as a small amount of face wear 
takes place, loading on the faces drops 


rapidly. 


Press-fit drives provide a good mechan- 
ical connection if the interference is re- 
tained through all variations of expan- 


Circulating liquid 


sion, if distortion strains due to the inter- 
ference can be eliminated, and if a prac- 
tical method of replacement is provided. 


Seal Selection 


The relationships between drive, flexi- 
bility, and loading characteristics in the 
seal must be carefully considered, since 
the desirable features of any one of these 
items can be eliminated by misusing the 


Gland plate 






































Packing rings 


\ Buffer zone 


Fig. 9—Buffer zone for separating atmosphere and seal chamber. This prevents 


crystallization of seepage from seal faces. 
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other. The correct seal must be chosen 
for the job. 


Temperature and Chemical Considera- 
tions: These two factors are the most im- 
portant ones in choosing the correct seal. 
The general limitation on temperature for 
standard synthetics is approximately 225 F, 
although some are available to 600F. 
Teflon, besides being almost chemically 
inert, has been successfully used over a 
range of —300 to +550F. Most seal 
manufacturers rate Teflon seals on the 
basis of a 500F maximum temperature. 
The loss of tensile strength above this 
temperature imposes this limitation on 
Teflon. The decomposition state is 
reached at temperatures exceeding 735 F. 

At temperatures exceeding 500 to 
600 F, metal bellows, metal U-cups, or 
metal piston rings can be used. But, these 
seals are considered specials. 

Lubrication: For total effectiveness, 
suitable lubrication of the seal face must 
be incorporated. Coking, resulting from 
thermal cycling, can hamper seal move- 
ment. Reliability of seal components is 
further complicated when temperature ex- 
tremes are coupled with high pressures. 
Better lubrication is gained with most 
liquids when cooled, but only to an ex- 
tent that is compatible with retaining the 
lubricating properties of the fluid. 

Cooling: Several methods of providing 
external cooling for seals are available, 
Fig. 7. One method provides cooling 
through the stationary seat member. In 
another, cool neutral liquid is circulated 
between a double seal. A heat exchanger 
and a pumping ring integral with the 
seal will provide a cool environment in 
the seal chamber. Cooling spools are also 
used. This device provides an inner 
chamber in the stuffing box between the 
seal and the pumpage through which 
cool liquid is circulated. Hence, a lower 
temperature environment is provided for 


the seal. 


Wear Resistance: Temperature and 
chemical resistance factors play primary 
roles in determining face wear and over- 
all seal life. To minimize face wear, cer- 
tain physical and chemical conditions must 
be considered. The liquid in the unit 
should provide good lubricating qualities 
for a given set of face materials at the 
temperature, pressure, and speed involved. 
The face materials should have good low- 
friction characteristics. And, the materials 
should be practically impervious to corro- 
sion for a given medium. 


Abrasives: An improperly cleaned and 
flushed initial installation may experience 
one or two seal failures due to abrasives 
before completing its cleaning cycle. If 
the liquid handled is inherently abrasive 
because of particles in suspension, injec- 
tion of a pure clean liquid into the seal 
chamber will create a healthier environ- 
ment for the seal faces. One technique 
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Fully Balanced 


Fig. 10—Three degrees of seal balancing. 
amount of load on the sealing area. 


he bottom of the 
box with minimum radial clearance be- 
tween the bushing ID, 
Fig. 8. The injected liquid, forced into 
the seal chamber at a higher pressure than 


used is a bushing in 
shaft and the 
the pumpage, keeps pumpage from enter- 


Hence, the 
faces are kept free from contact with the 


ing into the stuffing box. 


abrasive Three types of bushings are 
used: Plain, sealed, and floating end face. 
The amount of clean contaminating liquid 
is limited with the sealed-type bushing by 
a spring loaded V-ring combination. The 
wings of the Vee face in the direction of 
pumpage. Although this method allows 
some contamination, it provides a better 
flow control than with a clearance bush- 


ing. If the injection system fails, the 
V-ring keeps the abrasive fluid from en- 
tering the seal chamber. 

The floating end-face bushing is fitted 


into the ID of the box as a positive seal 


Degree of balance determines 


The inner surface of the bushing is de- 
signed to permit floating freedom as the 
shaft deflects, thereby retaining the original 
design flow characteristics. The end-face 
portion of the bushing creates a wiping 
action without having to contact the end 
of the stuffing box to complete the end- 
face combination. The end-face surfaces 
do not depend on a machined stuffing- 
box counterbore or on a surface which 
has experienced corrosion and erosion. 

The contamination factor is dependent 
on control of the end-face surfaces and 
not on the shaft and bushing clearance. 
This type of bushing can readily be re- 
moved and replaced in the box, since it is 
preloaded by a suitable O-ring or Teflon 
member. 

In cases where contamination of the 
pumpage is not permitted, a double-seal 
design can be used, Fig. 8. The neutral 
liquid is circulated between two end-face 


seals at a somewhat higher pressure than 
the pressure against the inboard seal faces. 
Thus, suspended material in the pumpage 
is prevented from entering between the 
inboard seal faces. However, the inside 
surfaces of the inboard seal are in inti- 
mate contact with the pumpage and, some 
creeping across the inboard faces can oc- 
cur. If the abrasive is due to crystalliza- 
tion formed by contact of the liquid with 
air, a buffer zone or quench gland can be 
provided between the atmosphere and the 
seal faces, Fig. 9. With the aid of two 
packing rings, a liquid is circulated or 
statically enclosed in the chamber be- 
tween the atmosphere and the seal faces. 
The secondary liquid circulating between 
pumpage and atmosphere in the double- 
seal method also forms a true buffer zone. 

When liquids form abrasives at certain 
temperatures, it is necessary to provide 
some means of heating or cooling the 
liquid to the proper temperature to dis- 
solve the abrasive particles at the seal 
faces. 


High Pressure and Poor Lubrication: 
For a set of compatible face materials, 
the friction and resultant wear on the 
face surfaces increase as the face pressure 
increases. Hence, it is advisable to re- 
duce the load on the faces wherever 
possible. This can be accomplished by 
balancing the seal, Fig. 10. 

This balancing feature is a method of 
cancelling out only a portion of the face 
load rather than all of it. The balance ra- 
tio varies, depending on the liquid itself 
and the materials used for the faces. The 
value generally ranges from a 55/45 per 
cent ratio on poor lubricants to 85/15 
per cent ratio on exceptional lubricants. 
This means that 55 per cent and 85 per 
cent of the face areas are above the balance 
line and 45 per cent and 15 per cent, are 
below the balance line. Balanced seals 
are more expensive than unbalanced types. 
Hence, they are used only where absolute- 
ly necessary. 


Pressure-Velocity Relationship: An im- 
portant criterion in determining the limi- 
tations of seal-face materials is the PV 
factor, the product of the unit pressure 
acting on the seal-face junction (psi) and 
the rubbing velocity (fpm). Unit pres- 
sure is the total resulting from spring, bel- 
lows, or diaphragm tension and the un- 
balanced portion of the hydraulic load. 

For any given combination of seal-face 
materials, the limiting PV value is set by 
factors such as the tenacity of the film 
on the face surfaces, rate of heat conduc- 
tion away from the heat-sensitive elements 
of the seal, and quality of the seal-face 
surfaces. 

At high rubbing speeds, quality of the 
seal-face surfaces becomes very important. 
Surface quality is evaluated by rough- 
ness—expressed as an rms value—and by 
flatness, usually given in light bands. As 
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speeds increase, the degree to which planes 
of the mating surfaces approach the true 
normal to the shaft axis becomes very 
important. 


Face Material Combinations: The choice 
of materials for a face combination de- 
pends primarily on the type of working 
medium involved, Table 1. A ceramic 
material provides one of the hardest face 
materials commercially available and has 
excellent wear and corrosion resistant 
properties. However, its rather critical 
thermal-shock properties prohibits its use 
in certain applications. 

Water: Water temperature, pH factor, 
abrasive content, etc., are involved in 
making a choice of face material combina- 
tions. If bronze is selected to work against 
carbon graphite, the water must be clean, 
clear, and free of any abrasive to bite into 
the comparatively soft bronze. Ni-Resist, 
is suitable where high pH factors and 
minor abrasive problems exist. In high- 
pressure water sealing systems, Stellites 
and tungsten carbide are advocated. How- 
ever, for applications such as high-pressure 
boiler feed water, tungsten carbide is pre- 
ferred since Stellite is prone to heat check- 
ing when in an environment of limited 
lubrication. 

Gasoline: Carbon graphite against cast 
iron is an ideal combination in these 
mediums. When corrosive additives be- 
come part of the system, higher corrosion 
resistant materials must be used. 

Oil: For oils, carbon graphite versus 


practically any of the good bearing sur- 
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faces can be used with less concern for 
corrosion resistance than in most other 
applications. Generally carbon graphite 
versus a good grade of cast iron is most 
economical and best suited. 

Acid Service: An accurate chemical 
analysis of the expected medium is re- 
quired to determine what combination of 
face materials can be used. For specific 
acids, such as sulphuric, the concentra- 
tion must be designated before making the 
final material choice. For relatively mild 
concentrations, carbon graphite can be 
satisfactorily used. However, with strong- 
ly oxidizing liquids, the use of carbon be- 
comes limited. Materials such as glass- 
filled Teflon, ceramic versus ceramics, and 
similar combinations are best. Hydro- 
fluoric acid prohibits the use of even 
ceramic and glass-filled Teflon or similar 
materials. New combinations, such as 
boron carbides, must be considered. 


End Plates 


The endplate, or gland plate, is attached 
to the face of the stuffing box and serves 
as a sealing face against the rotating seal 
head, Table 2. 

Some designs employ a flushing hole 
in the gland plates to provide continuous 
circulation of liquid around the seal and, 
thus, insure that the seal does not run 
dry. The constant flow of fresh liquid to 
the seal faces is vital, particularly in light 
hydrocarbon service where specific grav- 
ities are very low and a direct jet stream 
of the liquid to the seal faces must be 
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depended upon to provide lubrication. 
The quench-type gland plate incorporates 
an entrance for liquid behind the seal face 
from the atmosphere side. Two desirable 
features are gained from this quench 
gland: Safety is provided by a throttling 
effect on the escaping liquid if the seal 
fails, and toxic liquids are vented to a 
safe area. 

If a gland is considered primarily for 
safety purposes, packing rings in the 
quench area can be replaced with throttle 
bushings. These bushings are designed 
with a minimum of clearance over the 
shaft and are made of nonsparking mate- 
rials to act as breakdown bushings should 
sudden seal failure occur. 

Flush and quench glands can be incor- 
porated in the same unit to meet multiple 
requirements. A combination flush, quench 
and cooled seat design provides even cool- 
ing in the proximity of the faces. Lubri- 
cating through a gland and, in turn, 
through the seat te the seal faces is used 
in some low-pressure applications where 
an auxiliary head of lubrication to the 
seal faces is sufficient to assure a good 
running environment. 


Selection Guide 


The vital considerations in end-face seal 
selection and application have been cov- 
ered in detail in this chapter. Table 3 
gives a terse rundown of the most im- 
portant factors and their interrelations in- 
volved in the selection of the correct seal 





Bellows-Type Axial Mechanical Seals 
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The main function of the metal bel- 
lows in axial mechanical seals is to re- 
place the static seal element. Their ma- 
jor advantage is on special applications 
where an all-metal seal is necessary. These 
applications are generally those where 
high temperature is encountered, or where 
the liquids or gases used would adversely 
affect organic seal materials. 

In addition, the bellows can be used as 
a spring to produce the face loading re- 
quired to establish sealing contact be- 
tween the seal faces. In some seal de- 
signs, the bellows spring force is supple- 
Seat mented by a helical coil spring, Fig. 1. 

: / In others, the bellows provides all of the 
required spring force, Fig. 2. 
Metal-bellows seals can be designed to 
Fig. 2—A stationary metal-bel- ™ake the seal-face contact pressure a 
lows seal. Designed for a function of the hydraulic pressure of the 
x press-fit on its OD, the rubbing fluid being sealed. This is accomplished 
Fig. 1—Typical bellows shaft seal. Bellows replaces face, shown dark, rides on a by properly locating the radial position 
organic sealing elements in axial-mechanical seals rotating seal face. The bellows ‘ : 
of the sealing faces with respect to the 


used in high-temperature or high-pressure applica- provide a spring force which : . . 
tions. holds the sealing faces together. ffective diameter of the bellows, Fig. 3. 





Property 





Density (ib/in.*) 


Linear Coefficient 5 10-* (—320 to 68F) 7.5 10-* (—320 to 68F) x 10-* (—320 to 7T0F) 6.6 10-* (68 to 212F) 
of Expansiea 3x 10-* (32 to 212F) 9.3 10-* (32 to 212F) 9.37 10-* (70 to 212F) 6.9 x 10-* (68 to 572F) 
(in. /in./deg 7) 5X 10-* (32 to 600F) 9.5 10-* (32 to 600F) 9.67 x 10-* (70 to 1200F) 

10.6 10-* (32 to 1200F) 


Yield Strength (pel) 170,000 
7F 40,000 ' 52,000 (Annealed) 


217,000 
—320 F 54,000 . 140,000 (700F) 
1200 F 22/000 . 


203,000 

156.000 (Annealed) 
248,000 

—320 F ’ 210,000 (700F) 
1200 F 50,000 30.4 10° (80F) 


Ultimate Strength (pst) 
7 F 


27.6 10* (—320F) 25.4 10* (600F) 
25 « 10* (70F) 
22.5 10* (1000F) 


Good for high and low 
temperatures. Low cost Mechanical properties de- Brittle at low 
and available. pendent on heat treatment. temperature. 
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The effective diameter is approximately 
equal to the mean of the bellows diam- 
eters. Increasing the diameter of the seal 
face increases the effect of the pressure 
of the contained hydraulic medium on 
seal face force. 


Bellows Construction 


Metal bellows are produced by two 
methods: They are formed in dies from 
thin-wall tubing, or welded up from a 
series of shaped washers, Fig. 4. The 
welded metal bellows lends itself more 
readily to seal design, especially for high- 
duty seals, for several reasons: 

1. The plate design may be varied 
readily to produce the required bellows 
characteristics. The convolutions are not 
limited by the available depth of draw, 
or by the forming characteristics of the 
metal. 


2. A wider choice of materials is avail- 


able. 


3. Greater allowable deflection per con- 
volution is possible due to absence of 
residual stress concentration at OD and 
ID of bellows convolutions. 


4. Greater allowable deflection is at- 
tainable within the same envelope dimen- 
sion, since the convolutions may be de- 
signed to nest within one another. 


Formed metal-bellows seals are more 
economical than welded metal-bellows 
seals in production quantities. However, 
the majority of shaft seal problems for 
which metal-bellows seals are the pre- 


ferred solution are best resolved through 
the use of welded metal-bellows seals. 


Selection Factors 


Selection of a seal of any type for a 
specific problem or application requires 
consideration of a number of parameters. 
Since metal-bellows seals are specified for 
those more difficult problems which are 
normally beyond the capabilities of other 
axial mechanical seals, parameters are 
usually more arduous. Among those points 
to be considered are: 


. Environment 

. Temperature 

. Pressure 

. Rubbing Velocity 
. Vibration 

. Space availability 
. Life requirements 


Bellows type, seal design, and materials 
of construction have a bearing on each 
of these limitations. Further, each of 
these parameters have an affect on the 
other parameters. Several maximum limita- 
tions cannot be impressed on any one 
seal simultaneously, 


Environment is intended to define the 
fluid, liquid, or gas impressed upon the 
seal elements. Since the metal-bellows 
seal eliminates organic sealing elements, 
environmental limitations are dependent 
only on the ability of alloys to withstand 
chemical attack. 

Metal-bellows seals are suited for use 
in environments ranging from cryogenic 
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Fig. 3—End-face seating force is in- 
fluenced by the pressure effect from the 
confined fluid, if the bellows mean diam- 
eter is larger than the diameter of the 
sealing face. 














Fig. 4—There are two general types of 
metal bellows, those with U-shaped con- 
volutions, which are roll or pressure- 
formed from tubing, and those made by 
welding of discs. 


Property 





-320 to 70F) 
00F) 
200F) 


5.6 10-* (70 to 200F) 
6.3 10-* (70 to 600F) 


181,000 

40.000 (Cond. A) 
216.000 
160,000 


196,000 
130,000 (Cond. A) 
237,000 


162,000 
192,000 


3.85 x 10-* (—320 to 70F) 
5.7 10-* (68 to 1000F) 


120,000 40,000 


63,000 (1000F) 


130,000 45,000 


10x 10-* (—320 to 68F) 
13x 10-* (68 to 212F) 
14.1 10-* (68 to 572F) 


47,000 
7,000 (500F) 


Density (Ib/in.*) 


Coefficient 
of Expansion 
(in. /in./deg F) 


Yield Strength (psi) 
7 F 

—320 F 

1200 F 

Ultimate Strength (psi) 
7 F 


120,000 


31x 10° (80F) 
23 x 10* (1200F) 


Good for high 
temperatures. 


230,000 


29 10* (70F) 


Brittle at low 
temperature. 


235,000 
78,000 (1000F) 


18.96 x 10* (—320F) 
16.5 10* (75F) 
10.1 x 10* (1000F) 


60,000 
8,000 (500F) 


10.2 10* (—320 to 68F) 
9.8 10* (212F) 
8.0 10* (500F) 
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liquids, such as LOX, liquid fluorine, 
hydrogen and helium, through fuels and 
oxidizers, such as hydrazine, hydrogen 
peroxide, fuming nitric acids; and a wide 
range of process chemicals. 

Temperature requires careful considera- 
tion with respect to its effect upon ma- 
terials of a meta! bellows. Materials hav- 
ing spring properties quite satisfactory 
within the 65 to +600F range may 
be unsatisfactory at temperatures below 

65 and above +60)F. Temperature 
resulting from frictional heat developed 
by rubbing seal surfaces, as well as tem- 
perature of the environment, influence 
the selection of seal-face materials. 

Metal-bellows seals will operate at tem- 
peratures beyond the 65 to +S00F 
range compatible for more conventional 
The maximum range of tempera- 


—400 to 


seals. 
tures for metal-bellows seals is 

+ 1200 F. 

Pressure capability of the metal bellows 
itself is usually not the prime considera- 
tion. Sealing surfaces must be able to 
accept the thrust loads developed by the 
pressure drop across the seal. A maxi- 
mum pressure drop of 1000 psi is rea- 
sonnble 

Rubbing velocity limitation of an axial 
mechanical seal is influenced by heat 
input from rubbing friction, which ad- 
versely affects the elastomeric elements 
Full advantage of available seal-face ma- 
terials is realized by the use of metal 
bellows. Rubbing velocities in the region 
of 20,000 fpm are attainable when metal- 
bellows seals are used. 


Vibration induced or impressed on met- 
al-bellows seals must be considered, since 
each seal has its own natural frequency. 
Where vibration is known to exist, all 
characteristics of such vibration should be 
determined, and the seal should be con- 
structed so that resonance does not occur 
in the bellows. 

Two principal types of vibration may 
metal-bellows seals: Axial 
and torsional. Axial vibration is produced 
by axial motion of the shaft. Torsional 
vibration is usually produced by the force 
of friction between the sealing surfaces. 
This force tends to wind-up the bellows 
until friction force is less than the stored 
spring force in the bellows. Then, the 
force is released and the 
This action 
monly stick-slip 
is the term describing axial seal vibra- 
tion. Vibration can also be induced by 
noise levels of 130 db or above. 


be induced in 


stored 
cycle repeats itself. 


spring 
is com- 


described as Dancing 


Method of mounting the seal can af- 
fect the vibration. Damping devices can 
be employed to minimize the effects of 
vibration 

Avoid metal-bellows 
seal having a below 
or equal to the frequency of major vibra 
which it is 


incorporating a 
natural frequency 
tion within the machine to 
appiied. In most machines, vibration fre- 
quency starts at a low range and builds 
to a higher frequency at operating speeds 
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Fig. $—Photomacrograph of two bellows welds. 


On left is an example of proper 


material selection. At right, bellows failure occurred. High carbon steel was wel 
to low carbon alloy with carbide precipitation at grain boundaries and resultant 


failure under stress. 





Corrosion Max. Temp. 
Resistance 


Ease of 
(F) Fabrication 





Fair 
Excellent 
Fair 
Good 
Excellent 


Brass, silver clad 
Bronze 

Monel 

Stainless Steel 


Inconel Excellent 





350 Excellent 

350 Excellent 

350 Excellent 

900 Fair 
Fair 








Therefore, it is customary to design bel- 
lows with a frequency above 
operating frequency. 


resonant 


Space requirements of metal-bellows 
seals depend on the type of bellows 
used. Formed bellows require consider- 
ably greater axial space than do compar- 
able metal bellows of the welded type. 
Welded metal bellows can be produced 
with nesting convolutions and this type 
compares favorably with the more con- 
ventional face-type seals. In the larger 
shaft sizes, bellows-type seals usually re- 
quire less mounting space than conven- 
tional face-type seals. 


Life expectancy can be considered from 
two aspects: Shelf life and operational 
life. The life span of metal-bellows seals 
is better than seals which contain or- 
ganic elements. Shelf life has no prac- 
tical limitations. Operational life of any 
metal-bellows seal is dependent upon the 
design and the material. Of course, metal- 
bellows seals subjected to environments 
at elevated temperatures and pressures, 
and operating at high rubbing velocities, 
will not have the same life expectancy 
as metal-bellows seals subjected to less 
arduous duty. Metal-bellows seals are 
usually used for particularly severe seal- 
ing problems. 


Bellows Design Factors 


A bellows can be considered analogous 
to a spring mass. Critical frequencies 
are a function of the mass and the bel- 
lows spring rate. A higher spring rate or 
a lower mass results in higher resonant 
frequencies. 

The axial mechanical seal application of 
a metal bellows usually does not involve 
flexing of the bellows during operation, 
except for that caused by thermal ex- 
pansion of the assembly, or mechanical 
dimensional changes caused by operation 
of the machine. Therefore, analysis is 
much simpler than for those bellows ap- 
plications which have axial flexing, or 
bending. 

These bellows do have a_bending- 
moment load caused by the weight of 
the seal face, which is cantilever-sup- 
ported by the bellows. This bending 
moment introduces a buckling tendency. 
But, in many designs the bellows re- 
ceives support from a spring. This spring 
also supplements the spring force of the 
bellows. As a general rule, the live 
length of a relatively flexible, unsup- 
ported bellows should be equal to or less 
than its OD to prevent buckling. 

Spring Rate: If the spring force of the 
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bellows is used to hold the end faces of 
the seal together, it is necessary to know 
the equivalent spring rate, Ke, of the 
bellows. Then, bellows free length can 
be specified to be some length that is 
greater than the operating dimension. 
Equivalent spring rate, Ke, Ib/in., for 
flat-disc bellows can be estimated with 


wED t 8 
eae (=) 
Na w 


where E = modulus of elasticity, psi; 
D = mean bellows diameter, in.; Na = 
number of discs; t = thickness of disc, 
in.; and w = disc width, in. For bel- 
lows with U-shaped convolutions, spring 
rate is approximately 


4ED 


gr = ................... 
3h°-5 w2-5 Ng 


where h = half corrugation pitch, in. 
Pressure Effects: When applied in an 
axial mechanical seal, a bellows is sub- 
jected to a variable pressure effect caused 
by the alternate cycles of shutdown and 
operation of the machine. If pressure 
levels are low, the effects of variable pres- 
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sure can be ignored. Pressure effects 
flat-disc bellows are evaluated from 


3 3EtA + Pw 
a ww? Ng 2t? 





where S: = total stress range, psi; P 
maximum internal pressure, psi; and 4 
total bellows movement (compression from 
free length to get spring force, plus bend- 
ing caused by moment load), in. For 
bellows with U-shaped convolutions, 


15Eta Pw 


8, = + 
h°-5wl-5 Ny 2t2 





Fatigue Life: If the total stress range, 
St, is known, fatigue life can be pre- 
dicted from 


1,600,000 \ 5-5 
ou (sem) 
8; 


where N = number of cycles to failure. 
Even though a bellows does not move, 
alternate cycles of pressure and no-pres- 
sure may produce the variable stresses 
which induce fatigue. 


7—AXIAL MECHANICA! SEALS 


Bellows Material 


Material selected for a U-shaped bellows 
must possess good mechanical properties, 
and still be ductile enough for forming. 
Welded metal-bellows applications require 
consideration of the material’s mechanical 
properties, plus weldability, Fig. 5. 

Basic properties for the more common- 
ly used bellows materials are listed in 
Table 1. Chemical resistance and fabrica- 
tion difficulty are shown in Table 2. 
Tabulated values indicate that the yield 
and ultimate strengths of all these ma- 
terials increase with decreasing tempera- 
ture. This characteristic is important in 
cryogenic applications. However, some 
materials, such as stainless steels 17-7 PH 
and AM 350, become brittle at low tem- 
peratures and cannot be used. For Type 
321 stainless, fatigue life at —320F 
(liquid nitrogen temperature) is consid- 
erably longer than at room temperature. 

For elevated temperatures, all materials 
listed except aluminum retain reasonable 
strength up to !200F. Where tempera- 
tures up to 2000F are experienced, more 
exotic materials must be used. 





Circumferential Seals 





IRCUMFERENTIAL seals are high- 
4 performance, low-leakage, contact-type 
seals for use in critical applications. Un- 
dergoing high-velocity rubbing at their 
primary sealing surfaces, the seals offer 
a high order of sealing ability and ac- 
commodate unlimited relative axial mo- 
tion between stationary and _ rotating 
members. 
Circumferential seals described here are 
sophisticated versions of the reciprocating 
rod and piston seals. 


Basic Design Features 


Adaptation of split rings to rotary seal- 
ing requirements involves the use of the 
single or multiring designs. Since perfor- 
mance criteria—leakage, wear life and 
power requirements—are substantially the 
same for both reciprocating and rotating 
seal installations, the basic idea of pres- 
sure-balancing also holds for both. 

The general configuration of a circum- 
ferential seal consists of one or more 
relatively stationary, flexible split or seg- 
mented rings which mate with a rotating 
member either on their bore or, in the 
case of an expanding design, on their 
outer diameter, Fig. 1. The rings are 
loosely keyed to the stationary member by 
rotation locks 

Single-ring design utilizes either a close- 
fitted straight-cut joint, or a step-seal 
joint at the gap to control gap leakage, 
Fig. 2. If only a single gap is used, lo- 
cation of the rotation lock with respect 
to the gap position is critical. Frictional 
torque on the ring, in combination with 
the torque restraint afforded by the ro- 
tation lock, can result in a couple which 
either “winds” or “unwinds” the ring. 
Unwinding causes a decrease in the forces 
seating the ring and many introduce high 
leakage. Winding may increase the seat- 
ing forces to the point where wear be- 
comes excessive. Where the ring has sev- 
eral segments, a “brake shoe” effect must 
be considered when positioning the rota- 
tion lock for each segment. 


*Presently with Sperry Gyroscope Div 
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Back ring—__ 


Extension springs 


Seal ring — 


Fig. 1—Circumferential seal. 


Fig. 3—Multiring designs. 


Fig. 2—Single-ring design. 7 


Compressive strength (psi) 18,000 to 37,000 
Tensile strength (psi) 1000 to 3000 
Transverse breaking strength (psi) 3750 to 13,000 
Scleroscope hardness 30 to 100 
Weight (ib per cu in.) 0.0595 to 0.0672 
Specific gravity 1.7 
Density, real 2.00 to 2.26 
Density, apparent 1.65 to 1.86 
Thermal expansion (in./in./deg F) 0.0000015 
Coefficient of friction, on steel 
Lubricated 0.04 
Not lubricated 0.23 
Porosity (per cent by weight) 
Standard untreated grades 4to8 
Impregnated grades, average 0.25 
Electrical conductivity (ohms per cu in.) 0.0018 
Maximum working temperature range,* (F) 600 to 650 
*Material will not melt or fuse; volatizes at 6332 F 
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Multiring designs are more common, 
because they permit better dimensional 
control and therefore less gap leakage 
than does the single ring, Fig. 3, having 
step seal joints. A two-ring circumferential 
seal uses a radial step joint on the seal 
ring to prevent axial gap leakage, while 
radial gap leakage is controlled by a cover 
ring. In a three-ring seal, the gaps are 
straight-cut, and a backer ring is nec- 
essary to seal against axial gap leakage. 

The two and three ring designs pro- 
vide maximum joint strength whereas the 
step seal joint is more fragile because 
of the sharp edges of the joint. The two 
ring affords optimum positioning of the 
joint surfaces which reduces radial hy- 
draulic joint loading. : 

Surface Contact: In seals having a num- 
ber of segments, both axial compression 
springs and circumferential garter springs 
are used to maintain contact of the seg- 
ments with the shaft member (runner) 
at small pressure differentials. Also, the 
techniques of pressure-balancing may be 
applied to minimize hydraulic loading 
and, therefore, wear surface contact loads 
at operation pressures. Since wear of high- 
speed rubbir.g surfaces depends on wear 
compatibility of the surfaces and heat 
transfer characteristics of the materials, 
the rotating member is usually a separate 
ring incorporating materials which may 
be radically different from those of the 
shaft. In some cases, methods for cooling 
the seal are incorporated. Thus, the seal 
ring is seldom designed to rub the shaft 
directly. It is more common to use a 
runner which is clamped to the shaft. 

Leakage: Circumferential seals, like 
their counterparts in reciprocating ma- 
chinery, inhibit leakage in two directions. 
Primary sealing takes place at the cylin- 
drical surface where high-speed relative 
motion occurs. A secondary leakage path 
exists at the radial housing surface against 
which the seal ring is seated axially. If 
the axial and radial force components 
seating the ring on the radial wall and 
on the runner are of proper relative mag- 
nitude, no frictional “hanging” takes place. 

Perfect secondary sealing surfaces are 
flat surfaces or surfaces which conform 
perfectly with each other. Because it is pos- 
sible to grind and lap these surfaces to al- 
most any desired degree of flatness, leak- 
age at the secondary sealing surface of a 
circumferential seal is only a problem if the 
surfaces are distorted in assembly, or by 
the release of nonuniform residual stresses 
at high operating temperatures, or by 
thermal and pressure-induced stresses. 

Clamping distortions can be particular- 
ly troublesome where a bolting flange ar- 
rangement is used. Care must be taken 
to ensure that bolt circles are sufficiently 
far removed from the radial seating sur- 
face or that localized bolting (deforma- 
tion) is not transmitted to it. If the 
housing is clamped in place axially, simi- 
lar care should be exercised in finishing 
the clamping surfaces so that circumfer- 
ential waviness does not result in localized 
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stress distributions at critical regions of 
the housing. Parts must be appropriately 
stress relieved before final machining, 
while thermal and pressure-induced dis- 
tortions are best minimized by careful 
attention to good design practices. 

Perfect primary sealing surfaces are cyl- 
inders which are both perfectly circular 
and free of taper. Such perfection is vital 
for leakage purposes but is virtually im- 
possible to approach by commercial ma- 
chining. The geometric requirements of 
seals necessitate far greater care than 
customary production techniques provide. 

Circularity and freedom from excessive 
taper on the primary sealing surfaces 
of a circumferential seal area are func- 
tions of the environment in which the 
seal is installed. The presence of axial 
temperature gradients within the runner 
introduces taper. If the runner is cooled, 
plain cylindrical or conical surfaces must 
be used, since slots introduce discrete ther- 
mal distortions, which are manifested in 
a circumferential waviness of the runner 
surface. Improper stress relief and ther- 
mal stresses may also prove to be trouble- 
some sources of distortion. Most distortion 
problems in circumferential seals arise 
in connection with runners, and these 
problems are covered in the section de- 
voted entirely to runner design. 

Out-of-circularity or taper of the primary 
sealing surface will result in high leakage 
and in high wear. Moreover, as wear takes 
place, the seal ring must move radially to 
maintain contact. The required movement 
may not be initially uniform around the 
periphery of the ring due to greater un- 
balanced pressure loading at the gap. 
These conditions, together with differential 
thermal expansion and any initial out-of- 
roundness, create a problem in maintain- 
ing total contact of the seal ring with the 
runner throughout the life of the seal. 
Therefore, either high loadings or a design 
that is as structurally flexible as possible 
must be provided. Since loadings must be 
minimized for the sake of wear, structural 
flexibility is the only acceptable alter- 
native. Hence, very thin sections are re- 
quired, and materials having a low elastic 
moduli should be used. Fragility of such 
materials requires the use of segmented 
rings with several gaps. 

Viscous fluid sealing with circumfer- 
ential seals is difficult because of gapped- 
ring design. A viscous fluid in the form 
of a film at the rubbing interface of the 
seal promotes hydrodynamic lift. Since 
gapped rings are unable to provide any 
substantial resistance to this lift, operat- 
ing clearances increase and high leakage 
results. Thus, circumferential seals are 
highly effective for sealing gases, but 
their effectiveness as liquid seals is lim- 
ited. However, the effectiveness is im- 
proved by reducing the bearing-film pres- 
sure buildup with more grooving at the 
primary sealing surfaces. 

Increased spring loading is sometimes 
permissible in liquid applications to re- 
duce separation caused by the lift effect. 


Pressure Balancing and 
Loading 


Effective though the circumferential 
seal is, it has limitations because com- 
plete pressure balance is not possible. At 
low operating pressures, these limitations 
are not serious. Operation at extremes of 
temperature and speed, however, does 
limit the pressure on the seal. 

Balance Across Ring: Fig. 4 depicts the 
radial cross section of a partially balanced 
three-ring seal. Because only incidental 
motion takes place on the radial sealing 
wall of the seal ring, wear on this sur- 
face is negligible. Therefore, depth A of 
grooving need only be sufficient to en- 
sure that expansion of the fluid leaking 
radially takes place entirely across the 
radial sealing dam C. Dimension B, the 
runner-to-housing clearance, is  deter- 
mined by the maximum eccentricity and 
runout between these numbers. The ra- 
dial dam width C, must be greater than 
twice B plus the allowance for radial 
wear, D. Only when the design dimen- 
sions of A, B, and D have been estab- 
lished can the dimensions C and E of 
the sealing dam be assigned. 

Reduction of unbalanced pressure forces 
on the rubbing surfaces makes a narrow 
dam width desirable. However, since wear 
life of the seal is determined by both 
the loading and the depth of grooving D, 
a compromise must be reached between 
a reduced dam width and deep grooving 
in order to attain maximum life. This 
compromise is affected by the fragility 
in the weakest section of the sealing dam 
edge and by the need to control the 
relative magnitude of radial and axial 
loadings so that the seal will not hang. 

Materials such as carbon, having low 
elastic moduli, maximum conformability 
under the light loadings, and other at- 
tributes are most commonly used for cir- 
cumferential seal rings. However, the rela- 
tively low impact resistance and tensile 
strength of carbon limits the minimum 
practical sealing dam width. This limita- 
tion, togther with wear-life requirements 
and runner-to-housing eccentricity, effec- 
tively determines the final geometry of 
the seal dam. Typical properties of car- 
bon-graphite are given in Table 1. 

For compressible fluids with which cir- 
cumferential seals are most commonly 
used, the pressure profile across the seal- 
ing dam is not linear except at very low 
pressure differentials. Unbalanced pres- 


4—Grooving A in seal distributes 
po leakage across sealing dam C. 
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Fig. 5—Cooling by external impinging. 


sure forces are, therefore, not so great. 
Superimposed on these forces are the 
spring forces required to maintain con- 
tact at low pressure differentials where 
the pressure unbalance is not sufficient 
to seat the rings. The springing im- 
posed is generally only a fraction of a 
pound per inch of circumference. 
Balance Across Gap: Circumferential- 
seal balancing criteria obviously differ in 
the region of the seal-ring gaps because 
of the necessity to preserve integrity of 
the sealing dam around the entire cir- 
cumference of the seal ring. In a straight- 
radial 
pressure extends across the entire seal 
ring causing a substantially higher load 
at the joint compared to that of the 
sealing dam. The step gap design through 


cut gap design the unbalanced 


proper proportioning of the steps at each 
end of a seal ring segment can minimize 
gap loading, to produce lower and more 
even wear, thereby enhancing greatly the 
useful life of the assembly. The geometry 
of the step seal joint does not permit re- 
gap loading equal to that 
of the step gap design without serious 


duction in 


sacrifice of joint structural strength. 

Designation: Loadings ap- 
plied to a seal ring have been described 
in pounds per inch of sealing dam cir- 
Although it is common to 
rubbing 
an empirically determined PV 
factor, it is more meaningful to relate 


Loading 


cumference 


relate loadings and speed in 


terms of 


loadings to the circumference of the pri- 
mary sealing surface. Not only is this 
convenient because of the ease with which 
springing and unbalanced pressure forces 
may be calculated, but the PV parameter 
is inadequate by comparison to express 
the limiting capabilities of materials at 


extreme operating temperature 


Runner Design 


The operation of rubbing-contact seals 
at high temperatures and high rubbing 
speeds poses a problem that is substan 
tially thermal in nature. Heat must be 
removed at a high rate to prevent tem- 
perature buildup at rubbing faces. 

In general, the practice is to treat the 
rotating member as a heat sink. Runner 
materials are selected on a basis not 
only of their properties at elevated tem- 
peratures but also of their thermal con- 
ductivity. Even in low-temperature, rela- 
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Fig. 6—Self-contained cooling from un- 
der seal contact region. 


tively noncritical designs, it is advan- 
tageous to provide a runner material hav- 
ing a high thermal conductivity. 

Surface coatings are used on the base 
runner material to obtain optimum wear 
compatibility with the seal ring material. 

Cooling: The problem of runner de- 
sign is considerably aggravated by im- 
position of a high-temperature ambient 
on seal specifications. In many such ap- 
plications, particularly in aircraft gas tur- 
bines, the shaft may actually be a heat 
source rather than a sink. Where the 
combined effect of the ambient and the 
frictional heat input is to produce tem- 
peratures in excess of those at which 
either severe oxidation or high wear be- 
gins to take place, it is necessary to re- 
sort to artificial cooling. 

External: Fig. 5 shows the simplest type 
of cooling employed, impinging exter- 
nally cooled. A downstream oil jet is 
directed at the runner as close to the 
region of rubbing as possible, and the oil 
flow rate is regulated to produce the re- 
quired cooling. Heat flow is grossly axial 
through the runner from the rubbing 
region to the area where the oil impinges. 

This cooling scheme has limitations, in 
that only a small area of the runner is 
exposed to coolant. In addition, shaft wind- 
age at high speeds may tend to further 
reduce the amount of oil actually con- 
tacting the runner. 

Internal: To obtain radial heat flow 
through the runner and to increase the 
runner area in contact with the oil, the 
“self-contained undercooled” runner design 
is used, Fig. 6. Oil is admitted to the vol- 
ume beneath the seal contact region by 
means of a number of milled slots spaced 
at regular intervals around the periphery 
of the runner. The latter is made up of 
an inner and an outer member which 
are shrunk or brazed together after the 
clearance volume between them has been 
machined. This design is effective in 
ambients up to 1000 F, depending upon 
rubbing speed and seal loading. At higher 
temperatures, the relatively uncontrolled 
circulation of the oil within the runner 
can lead to stagnation, oil carbonization, 
and poor heat transfer. The discrete num- 
ber of slots can lead to uneven cooling 
and the development of a definite cir- 
cumferential wave on the runner OD at 
high temperatures with a resultant in- 
crease in leakage. 


Fig. 7—Cooling from the underside of 
cantilevered runner. 


Another design, Fig. 7, is the “canti- 
levered undercooled runner” because of 
the appearance of its radial cross-section. 
The oil jet impinges at an angle on the 
underside of the open space bene: the 
seal, where it is thrown against the over- 
hung portion of the runner by combined 
windage and centrifugal force. Even a 
purely radial jet has an appreciable ef- 
fectiveness. The open design eliminates 
waviness and consequent high leakage 
rates, while controlled oil jet angles and 
cantilever geometry yield a highly effec- 
tive oil circulation. This design minimizes 
taper resulting from any axial tempera- 
ture gradient along the runner between 
the high ambient on the high-pressure 
side of the seal and the low-temperature 
region on the oil side. 

The undercooled runner design has one 
disadvantage. The position where the oil 
jet strikes the runner in some instances 
limits the permissible relative axial move- 
ment between the stationary and rotating 
parts of an undercooled seal. 

However, this problem may be elimi- 
nated by axial positioning of two or 
more jets along the travel. 


Seal Materials 


The problem of wear life in all carbon 
rubbing-contact seals is substantially ther- 
mal in nature. However, rubbing speed 
and loading are also important. 

Carbon, with its favorable plastic prop- 
erties (generally, Young’s modulus for 
carbon lies in the range from 1.5 to 3.0 
x 10° psi), relatively low coefficient. of 
friction against most metals and ceramics, 
and excellent wearing properties, still re- 
mains the best all-round seal ring mate- 
rial for circumferential seals. Despite the 
tendency of most carbon formulations to 
oxidize severely at temperatures upward 
of 600 F, several carbon grades have ex- 
hibited excellent wear rates at temper- 
atures up to 1000 F in an oxidizing am- 
bient. A high-temperature runner design 
embodies, as always, the use of high-con- 
ductivity alloy steels and the most favor- 
able cooling geometry. Replacing the 
familiar hard chrome plate, used with so 
much success at lower temperatures, flame- 
plated tungsten carbide and aluminum 
oxide offer equally favorable character- 
istics operating with the impregnated car- 
bon at 1000 F. 
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Compression Packings 








OMPRESSION packings create a 

seal by being squeezed between the 
throat of the box and the gland. Under 
these compressive forces, the packings 
flow outward to seal against the bore 
of the box and inward to seal against 
the moving shaft or rod. Compression 
packings require frequent gland adjust- 
ment to compensate for wear and loss 
of volume. 

Throttling of leakage between moving 
and stationary parts by the use of these 
packings involves factors of speed, tem- 
perature, pressure, and chemical charac- 
teristics of the liquids or gases handled. 
Mechanical considerations, such as shaft 
runout or gyration, or misalignment of 
rods also influence the selection of the 
correct packing material and packing de- 
sign. 

A packing should: 

1. Be sufficiently plastic to conform 
to the shaft and bore under gland 
pressure. 

. Be able to withstand the pump- 
age or fluid used for lubrication. 
Contain nothing that can be dis- 
solved, swelled, or weakened by 
the pumpage or lubrication. 

3. Be sufficiently elastic to absorb 
any shaft gyration that cannot be 
eliminated through shaft design. 

. If overtightened, possess means of 
becoming free without producing 
destructive friction and heat. 

. Not abrade or corrode the shaft 
or rod. 

require 


». Lose volume slowly to 


minimum adjustment and _re- 


newal. 


Compression Packing Design 


Compression-type packings are usu- 
ally furnished square or rectangular in 
cross section. Tables 1, 2, and 3 give 
properties for these three packing classes: 
Fabric, metallic, and plastic (pliable). 
Other configurations are also available, 
Fig. 1. The wedge type consists of two 
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Crane Packing 


triangularly shaped rings, one with a 
convex bevel and the other with a mat- 
ing concave bevel. A variation of this de- 
sign is the cup and cone with mating 
angles designed into the packing to take 
advantage of the force created by gland 
compression. Another major design is the 
conical type—sometimes known as the 
double-reverse bevel. Here, a semilip-type 
action permits the packing to follow a 
small amount of whip or eccentricity in 
the shaft or rod. 

Certain characteristics are designed into 
compression-type packings to add _ resil- 
iency and deformable traits. For exam- 
ple, a lead-foil packing contains a core 
of neoprene to add this resiliency. Some 
plastic packings include an elastomeric 
binder to make them adjustable and de- 
formable to gland compression. Severai 
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ig. i—Compression type packing design. 
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types of construction are used for fab- 
ric packings to provide resilient qualities, 
Fig. 2. 

The design of the joint in the packing 
ring is important. A ring having a di- 
agonal cut joint gives a good overlap at 
the joint and makes it possible for gland 
and fluid pressure to create a tight seal. 
It also provides a means for the ends to 
slip over each other if and when expan- 
sion in the ring takes place. Since mul- 
tiple rings are used, the joints are always 
staggered to prevent leakage through the 
cuts. 


Packing Functions 
Lubrication: In one respect, packing is 
like a bearing in that it needs lubrica- 
tion. In operation, packing simply ob- 
structs the leakage path by throttling the 


Braided Braid with Soft 
Core Soft Back Core 


Diagonal Laminated Wedge ond 
Laminated Wedge Soft Core 


Fig. 2—Typical fabric packing with mem- 
bers added for resiliency. 
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Twisted 


Twisted: This simple yarn packing is 
usually made from twisted strands of 
asbestor or cotton, lubricated with min- 
eral of! and graphite. Twisted packings 
are not as strong as the braided type. 
but ere easy to install. One size of 
packing can be adapted to many dif- 
ferent stuffing box sizes. A _ twisted 
packing with a large diameter can be 
adapted to small stuffing boxes by re- 
moving an approximate number of 
strends. This style is popular for pack- 
ing low and medium-pressure valves in 
general service. 


Round Broded or Jocket-over- Jocket 


Round Braided or Jacket-Over—Jacket : 
These packings consist of a series of 
braided tubes tald one over the other 
and separate from one another. This 
style is available in white asbestos. 
cotton, Teflon and other fibers. Flax 
and jute are rarely used. The asbestos 
can be plain or reinforced with brass, 
copper. Monel or Inconel wire. These 
packings are sometimes braided over a 
lead core to make rings which will more 
readily hold their shape. This practice 
generally decreases the resilience of the 
pecking, particularly on the smaller 
sizes. 

Jacket-over-jacket packings are avail- 
able either impregnated with oil or 
grease lubricants—in some cases graph- 
ited throughout—or with the jackets 
impregnated and cemented together with 
variour elastomeric binders. In the 
latter case. graphite is ordinarily applied 
only to the outside. 

It ts important that the correct 





Yarn or Roving Types 


amount and type of lubrication is used. 
Excess lubrication will press out during 
initial adjustment and will be lost al- 
most immediately. Most packings con- 
sist of 30 per cent by weight of lubri- 
cant. Jacket-over-jacket packings are 
normally used on reciprocating rods and 
valve stems. Reinforced types are used 
on centrifugal, hot oil pumps and boiler 
feed pumps. 


Squore Braided or Plated 


Square Braided or Pilaited: These 
packings are made of flax, blue or white 
asbestos. cotton, ramie, jute, Teflon, 
leather. and some metal wires, such as 
lead or copper. They are usually grease 
o1 oil impregnated. The loose structure 
permits flexibility and easy adjustment. 
Square braided packings are generally 
used for rotary service in sizes of 4 in. 
and larger. If graphited, these packings 
are generaliy graphited throughout. Cop- 
per or brass wire is sometimes used 
either in the center yarns or, in excep- 
tional cases, in all yarns, to increase 
the over-all strength of the packing. 


Interlocking Braided 


Interlocking Braided: This packing 
has some of the characteristics of both 
plaited and jacket-over-jacket braids. 
Because of the braided construction, it 
«# ordinarily not available in an elas- 
tomer bonded construction. It is most 
frequently supplied with oil Ilubrica- 
tion or with Tefion suspension. Teflon 
ribbons and Teflon yarn are also used 
for this packing. 








leakage. It must not stop the leakage 
altogether or damage results. 

In a typical packing installation, the 
packing is snugged up by means of the 
gland, Fig. 3. In operation, the fluid 
flows through the slight clearance be- 
tween the moving parts and the pack- 
ing, and acts as a lubricant for the 
packing. 

If the gland is overtightened, the 
leakage will be eliminated, causing the 
packing to run dry and create frictional 
heat. This will cause the saturant in the 
packing to melt and flow outward and, 
thus, supply the vital lubricant needed 
to prevent burning up the packing and 
scoring the rods or shafts. Then, as the 
packing readjusts itself, some volume in 
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the packing is lost and pumped fluid 
leakage reoccurs. 

Eventually, if the gland is retightened 
and the cycle repeated, no more lubri- 
cant will remain in the packing, and it 
will burn or score. Fabric packing, for 
instance, is sensitive to excessive and re- 
peated gland pressure. Plastic and metal- 
lic packings experience the same effects, 
but more rapidly since they are more 
dense and have less lubricant to squeeze 
out. However, they possess other quali- 
ties which, in many cases, make them 
superior to fabric packings. 

Where high operating temperatures are 
encountered, or where high pressures 
create frictional heat due to the close 
clearance between the packing and the 





Rolled Cloth 


Rolled: This is the simplest of the 
cloth-type packings. It consists of a 
woven cloth of asbestos or cotton duck 
coated on one side with an elastomer 
binder. The cloth is cut into strips on 
the bias to permit stretch and facilitate 
forming. In the rolled construction, 
these strips are generally rolled around 
a soft rubber core and formed into 
spirals or rings. 


Folded Cloth 


Folded: This packing is made from 
asbestos or cotton-duck cloth and its 
basic construction is the same as for 
the rolled type except that one strip of 
cloth is folded into an accordion pleat, 
and the resulting strip is enclosed with- 
in another piece of cloth which is then 
wrapped around the strip. Generally, 
this type of packing has a live rubber 
cushion strip on the surface of the ring 
which will be on the outside when 
placed in the stuffing box. 


Laminoted Cloth 


Laminated: This type of cloth pack- 
ing. called tucks, is made of laminated 
duck and rubber. The cotton cloth has 
a fine weave, and the layer of elastomer 
between the cloth is very thin, result- 
ing in a relatively stiff and hard pack- 
ing. Certain varieties of this packing 
are used for piston rings on reciprocat- 
ing water pumps. Heavier grades of 
cloth with thicker layers of elastomer 
in between are also used to make a 
softer, more flexible type of packing. 
In general, these packings are used on 
reciprocating steam engines, water 
pumps, and rams. The packings are 
generally graphited on the outside and 
may alsw be lubricated. The softer, 
more flexible types are suitable for 
old, worn equipment because of their 
greater flexibility. 
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Braided Core 


Spiral Wrapped: A flexible all-me- 
tallic packing made by spirally wrap- 
ping thin ribbons of soft metallic foil 
in a layer-over-layer construction. The 
ends are squared, and each layer is 
usually lubricated with oil or graphite. 
Common foils are lead, copper, and 
aluminum. Foil packings are durable 
but not resilient. Combination metal 
and fabric packings are generally 
lead, copper, or aluminum foil, 
wrapped over braided or twisted as- 
bestos or braided flax. Combination 
metal and plastic packings normally 
have either lead foil wrapped over a 
plastic core or braided metal wire 
wrapped over the plastic. Metal and 
resilient elastomer core packings, such 
as the channel type. combine metal 
and fabric on the face only. Metallic 
cores used may be lead or copper. 
Lead is usually spirally wrapped, 
while copper is in braided wire form. 


Folded ond Twisted 


Folded and Twisted: These pack- 
ings are made of continuous thin rib- 
bons of foil, spirally and loosely 
wrapped, folded and twisted, and 
squared to the proper size. Each 
layer of foil is lubricated so that 
voids form lubrication reservoirs. 
Lead, copper, aluminum, phosphor 
bronze and nickel are the most com- 
mon foil materials used for this pack- 
ing type 


No leakage: saturant 


is ex 


Fluid lubricates 


moving part, then some means of ex- 
ternal lubrication and cooling is nec- 
essary. External lubrication is also re- 
quired for fluids or gases which in them- 
selves are not satisfactory lubricants. Ex- 
ternal lubrication is introduced into the 
stuffing box by a lantern, generally lo- 
cated near the middle of the packing 
set. However, its exact location should 
be determined by the viscosity and lu- 
bricating values of the lubricant used 
and whether the packing is sealing 
against a suction or vacuum condition. 

Means of introducing lubrication vary 
according to the requirements of the spe- 
cific installation. Anything from a sim- 
ple grease-cup fitting to a separate pump- 
ing system may be required. Continuous 
lubrication is preferred over intermittent. 

Often, the pumpage is piped into the 
lantern, usually from the discharge side 
of the pump casing, Fig. 4. If the pump- 
age is slightly abrasive, a filter can be 
installed in the line. For high tempera- 


Packing 


Fig. 4—Method of using pumpage 
lubricate packing. 


Bevel End 


No saturant left 


Square End 
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Fig. 3—Sequence of opera- 
tion in an overtightened 


packing. 


tures, a heat exchanger can be used. Usu- 
ally, only an inlet for this lubrication is 
provided at the lantern. An outlet can 
also be designed into the pump casing to 
circulate the lubricant through the lan- 
tern and out through a drain. In this 
case, the lubricant also acts as a coolant. 
However, it is questionable how much 
heat is carried away in this design. If 
the flow through the outlet is not con- 
trolled, pressure might be lost, and lu- 
brication of the packing would not be 
achieved. 

When external means of lubricating a 
stuffing box are used the lubricant should 
be introduced at pressures between 5 and 
10 psi above the cperating pressure. This 
will insure flow of lubricant in the clear- 
ance between the packing and the mov- 
ing part and also act as a fluid seal, pre- 
venting the pumpage from getting into 
this area. 

If the pumpage is a good lubricant, 
but hazardous from a fire or corrosive 
standpoint, then a quench or smother- 
ing gland can be used. A suitable quench 
is circulated through the gland, during 
which time it mixes with the pumpage 
and carries it off to a safe point of dis- 
posal. Smothering glands are used where 
the fluid flashes to a gas upon exposure 
to atmosphere, or to a steam in the case 
of a boiler feed pump. 

Since heat creates an additional pack- 
ing problem, it might be advisable to 
use a pump that is jacketed so that 
water or other fluids can be circulated 
in the chambers and carry away this 
heat. 


Conical Rings, 
Bevel End 


Fig. 5—Beveled throat bushing designs. 
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Labricated Typre: These packings 
contain asbestos fiber, graphite or 
mica, oll or grease. Some contain metal 
particles. Some also contain wood par- 
ticles which form additional lubricant 
reservoirs. These packings are available 
in bulk, sticks for injection by heavy- 
duty screw-type guns, or in enclosed 
braided jackets. They are useful where 
the packing must supply a part or all 
of the lubrication. For medium and 
high-speed rotary service, additional lu- 
brication or cooling is usually neces- 
sary 

Dry Bonded Types: These packings 
have a composition similar to the lu- 
bricated types except that an elasto- 
meric binder is used instead of a lu- 
bricant Asbestos fiber and graphite 
or mica, with or without metal par- 
ticles, are bonded with natural rubber 
Buna-S or neoprene. Small amounts of 
lubricant are used, but they function 
only as softeners and do not reach the 
shaft to serve as a lubricant. Dry- 
bonded packings are available in sev- 
eral forma 

Bulk which is a loose form with 
graphite bonded to the asbestos fiber 
Most are white asbestos, although bive 
is available for acid service. Loose 
packings are sometimes braided in a 
light cotton jacket 

Fiat coile or helical spirals from 
which rings may be cut for various 





size rods and shafts. Some of these 
have no jacket, but a reinforcing tape 
is run along the back to facilitate 
handling 

Die-formed rings form the most sat- 
isfactory way to purchase replacement 
packings. Die-formed sets are cut to 
size, the joints are carefully made, 
and the packing precompressed to the 
point where the set is easy to adjust 
in service. 

Jacketed packings, often with a plain 
or wire-reinforced asbestos jacket, are 
also very useful. Some are useful for 
solvent services at low and medium 
temperatures and pressures, where open 
plastic rings might become too soft 
and extrude or wash out of the box. 
Asbestos-jacketed plastics also permit 
the sealing of higher pressures with one 
style of packing. On centrifugal serv- 
ice at other than very low speeds, dry 
plastic packings must be cooled by 
leakage or added lubricant. Loose-fil) 
jacketed plastics with wire-reinforced 
jackets are very useful for high-pres- 
sure, high-temperature steam and gases. 

Bndiess die-formed rings or sete of 
pliable packing are extensively used for 
valve stems in a wide variety of serv- 
ices. Such packings are convenient for 
repacking as well as for initial instal- 
lation on all valves where access to the 
stuffing box involves only removal of 
the handle and gland 








Abrasion: Abrasive conditions require 
a flush or grease seal designed into the 
stuffing box. A lantern is used for flush- 
ing the abrasive or corrosive materials 
in the pumpage away from the packing. 
The flushing lantern should be located 
at the throat of the stuffing box, and 
the flushing liquid should be introduced 
at 5 to 10 psi greater pressure than the 
operating pressure. Use of such a system 
is limited to applications where slight 
dilution of the pumpage can be tol- 
erated. 

Another means of keeping abrasives 
out of the packing area is through the 
use of a soft, gum-rubber ring serving 
as a squeegee. This method has some 
merit, although eventually the squeegee 
ring will become loaded with the abra- 
sive materials and act somewhat like a 
grinding wheel 


Surface Finishes: packing 
life has direct relation to the finish in 
the bore and on the shaft. A shaft finish 
between 16 and 20 microinches is pre- 
ferred. For rougher finishes, the pack- 
ings will ultimately wear in to produce 
good finishes at the expense of shortened 
over-all service life. 


Successful 


Packings seal statically against the bore 
of the box, and bore finishes can be 
rougher than finishes for the moving 
parts. However, the bore finish should 
be held within 50 to 75 microinches. A 
rougher bore may require excessive com- 
pression of the packing to effect a seal 
on the bore of the box, thus forcing the 
packing against the shaft with resultant 
shaft seal-off and packing burn-up. Un- 
der corrosive conditions, a well-finished 
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bore can eventually develop a rough sur- 
face and cause leakage along the out- 
side of the packing. A triangular insert 
of soft plastic packing or an O-ring lo- 
cated on the OD of the packing can 
prevent this difficulty. The insert is of 
a softer material than the two beveled 
rings adjacent to it, and thus will flow 
outward and snuff off leakage along the 
bore of the box. 

Beveled throat bushings and glands can 
be used to change the direction of force 
exerted by the gland so that the pack- 
ings are forced toward the rod or shaft 
as well as compressed axially, Fig. 5. 
However, careful design is required to 
avoid excessive pinching action which 
will cause the packing immediately under 
the throat or gland to bind and score. 
If the angle is too acute, the packing 
will be extruded out under the bushing 
or gland. 

Generally, 30-deg bevels are used. For 
certain dynamic applications, bevels with 
an angle of 11 to 12 deg may give the 
best results. Conical-type packings and 
adapters are most practical for a square- 
end stuffing box. 


Clearances: Proper clearances between 
the shaft and throat bushings, and be- 
tween gland and lantern are important 
for successful operation of the packing. 
As pressures increase, clearances become 
proportionately more critical. Small clear- 
ances permit better support for the pack- 
ings and help throttle the leakage. Large 
clearances cause extrusion of the pack- 
ings, particularly the softer ones, out 
from under the throat bushing and gland. 
Extrusion occurring at the throat end 
prevents fluid leakage necessary for lu- 


Shaft 
(in.) 


| 
F 





% to % 
# to 1% 
1% to2 
2% to 2% 
2% to3 
3% to4 
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brication of the packing, with resultant 
heat generation and damage to the pack- 
ing and shaft. 

Clearances generally vary from 0.008 
to 0.030 in. at the throat and from 0.020 
to 0.075 in. on the ID of the gland. The 
clearance between the OD of the gland 
and the bore of the box is usually held 
much closer to keep the gland centered 
in the stuffing box and thus prevent its 
riding or chafing on the shaft. This 
clearance varies from 0.010 to 0.046 in. 


Hardness: Rod and shaft hardness in- 
fluences packing life. Packings made of 
aluminum, or having an insert of Monel 
or Inconel wires, should only be used 
on rods, shafts or sleeves with a mini- 
mum Brinell hardness of 500. If these 
materials are used on softer metals, early 
scoring with increased packing wear will 
result. 


Packing Selection 


The cross section of the packing is 
related to the size of the rod or shaft 
on which it is used. Recommended pack- 
ing sizes for various shaft sizes are listed 
in Table 4. 

To fill the packing space, the correct- 
size cross section must be used. If an 
undersize cross section is used, excessive 
compression of the packing is required 
to fill the packing space. Such altering 
of the packing cross section reduces the 
amount of compression provided for fu- 
ture take-up. 

On the other hand, an oversize pack- 
ing cross section must be beaten or 
rolled down so that it will fit in the 
packing space. This will overload the 
packing in the stuffing box, creating 
overheating. 

Usually, a combination of packing 
styles will provide better service life for 
compression-type packings. Where con- 
ditions are not severe and pressures are 
low, a single style of soft plastic pack- 
ing, or even fabric packing, can be used 
successfully. 

For high pressures, a more dense pack- 
ing, such as a braided type of asbestos 
or a metallic packing to support the soft 
plastic rings, should be included. One 
ring of these more dense materials can 
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pressure (psi) 
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be used at the bottom of the box and 
another under the gland to prevent ex- 
trusion of the soft materials at these two 
points. If a lantern is used, these same 
materials should be used on both sides 


of it for the same reasons. 


Packing rings 


Fig. 6 — Load dis- 
tribution along 
shaft under a set of 


packings. 


As operating pressures increase, a 
greater number of these more dense rings 
should be used in the stuffing box, and 
a decreasing number of the softer, more 
sensitive packings. 

In a set of packings consisting of a 





Reciprocating 
Shafts 


Rotating 
Shafts 


Service Condition 





Pistons or 


Cylinders 


Valve 
Stems 








Asbestos (blue) 
Metallic 

Plastic (pliable) 
Semimetallic 
Teflon 


Asbestos 
Metallic 

Plastic (pliable) 
Semimetallic 


Duck and rubber 
Metallic 
Semimetallic 


Asbestos 
Metallic 
Semimetallic 


Asbestos 
Plastic (pliable) 
Semimetallic 


Asbestos 
Plastic (pliable) 
Semimetallic 


Asbestos 

Duck and rubber 
Metallic 

Plastic (pliable) 
Semimetallic 


Asbestos 
Metallic 

Plastic (pliable) 
Semimetallic 


Duck and rubber 

Flax, jute or 
ramie 

Leather 

Plastic (pliable) 

Semimetallic 


Duck and rubber 
Leather 

Plastic (pliable) 
Semimetallic 


Asbestos (blue) 
Plastic (pliable) 
Semimetallic 
Teflon 


Asbestos 
Plastic (pliable) 
Semimetallic 


Asbestos 
Semimetallic 


Asbestos 
Semimetallic 


Asbestos 
Plastic (pliable) 
Semimetallic 


Asbestos 
Plastic (pliable) 
Semimetallic 


Asbestos 
Metallic 

Plastic (pliable) 
Semimetallic 


Asbestos 
Metallic 

Plastic (pliable) 
Semimetallic 


Asbestos 

Cotton or rayon 

Fiax, jute or 
ramie 

Plastic (pliable) 

Semimetallic 


Asbestos 
Plastic (pliable) 
Semimetallic 


Teflon 


Leather 
Metallic 


Duck and 
rubber 


Metallic 


Asbestos (blue) 
Plastic (pliable) 
Semimetallic 
Teflon 


Asbestos 
Plastic (pliable) 
Semimetallic 


Asbestos 
Duck and rubber 
Semimetallic 


Asbestos 
Semimetallic 


Asbestos 
Plastic (pliable) 
Semimetailic 


Asbestos 
Plastic (pliable) 
Semimetallic 


Asbestos 

Duck and rubber 
Plastic (pliable) 
Semimetallic 


Asbestos 
Metallic 

Plastic (pliable) 
Semimetallic 


Asbestos 

Duck and rubber 
Flax or cotton 
Plastic (pliable) 
Semimetallic 


Asbestos 

Duck and rubber 
Plastic (pliable) 
Semimetallic 
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given number of rings for either rotary 
or reciprocating applications, the first 
few rings under the gland take the bulk 
of the gland loading and contribute most 
to the sealing function, Fig. 6. 

Several factors can influence the 
amount of this unbalance: Improper seat- 
ing of each individual ring at the time 
of initial installation of the packing, a 
rough surface in the bore of the stuffing 
box which restrains the rings and pre- 
vents them from sliding forward under 
gland adjustment, or improper material 
selection. To some extent, it is possible 
to design around these conditions so 
that all of the rings will do a more ef- 
fective sealing job. By combining pack- 
ings of varying densities, gland pressure 
can be more uniformly distributed 
through the set. 

Table 5 summarizes the types of pack- 
ings that should be used for various 
service and fluid conditions. 


Packing Materials 


The wide range of conditions over 
which mechanical packings are required 
to operate calls for a large and varied 
list of packing materials. These include 
fibers (vegetable, mineral, animal and 
synthetic), metals (wire, foil and other 
forms), lubricants, binders, and elas- 
tomers, Table 6. 


Vegetable Fibers: Plant fibers include 
flax, jute, ramie and cotton. The first 
three are used mainly in braided form 
for cold water packings because of their 
high wet strength. Cotton is also 
braided into packings, but is most often 
used in the form of cloth. All the plant 
fibers are limited in heat resistance. 


Mineral Fibers: Asbestos is the most 
versatile of the mineral fibers and is 
characterized by its unique fibrous struc- 
ture and resistance to temperatures which 
destroy other fibers. 

Canadian chrysotile fiber is the most 
important textile fiber because of its 
length, strength and flexibility which 
permit it to be spun into yarn, thread 
and roving. Chrysotile asbestos starts to 
lose strength and flexibility at about 
800 F. Chrysotile asbestos yarn used in 
packings contains some cotton fibers to 
aid in spinning and to add strength to 
the yarn. ASTM grades for textile prod- 
ucts with asbestos mixtures are given 
in Table 7. 

Crocidolite, or blue asbestos, can also 
be spun into yarn and woven into cloth. 
It is harsher and more abrasive than 
chrysotile and not as resistant to heat. 
It has good resistance to strong min- 
eral acids. 


Animal Products: Wool and hair have 
some uses as packing materials, mainly 
in the form of felt for grease and dust 
seals where a pasty or viscous liquid is 
being sealed against low static pressures. 
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Leather impregnated with synthetic 
elastomers such as Thiokol or Buna-N 
is a widely used packing material. It is 
essentially structure and is 
braided packings made from 
Many leather packings are im- 
pregnated with oils or waxes to lower 


fibrous in 
used in 


strips. 


friction, to seal between the fibers and 
help to keep the leather flexible. 


Artificial Fibers: Several artificial or 
synthetic fibers are used for packing ma- 
Braided 


sometimes used on water service in the 


terials rayon and nylon are 
same manner as flax, jute or ramie. Fi- 
bers made from Teflon are fine, strong, 
and as chemically resistant as the par- 
ent material. Fibrous characteristics re- 
main up to 450 to 500 F, although some 
shrinkage may take place. Filaments of 
Teflon 
able for 
corrosive liquids. The value of Teflon 


braided into packing are suit- 


applications involving highly 
fiber packing is due to its soft, resilient 
structure, not obtainable with more mas- 
sive forms. It has good resistance to heat, 
holds lubricants or sealants well, and 
offers resilience necessary to follow slight 


runout 


Metals: Several metallic materials are 
used for packings 

Lead used in packings is in the form 
of foil ranging in width from % to 5% 
in. Widths up to about | in. are used 
for spirally wrapped packings to secure 
flexibility. Widths around 5 in. are used 
in constructions where the foils are folded 
and twisted together. 

The composition of the foil used is 
important and varies with the intended 
packing application. Some foils are al- 
loyed with antimony and tin to increase 
the hardness and antifriction properties. 
Greater hardness is desirable in pack 
ings used for 


high-pressure service. 


folded 


alloy to presetve adequate softness and 


Twisted and packings use less 
flexibility for this type of construction. 
Other packings are made with foil rolled 
from pure chemical iead to utilize its 
superior corrosion resistance. High alloy 
content and hard leads are used in per 
forated, grooved or slotted strips in con- 
junction with fabric packings as pres 
sure dams and low-friction supports for 
the fabric structure. Lead is usually used 
up to 450 I 

Copper is used in a pure form and 
in dead-soft annealed to secure the utmost 
in softness and flexibility. Because of the 


greater inherent stiffness, copper foils 


are generally rolled thinner than lead. 
Copper wire is used as reinforcement in 
asbestos yarns and, without asbestos, for 
jackets over 


braided high-temperature 


square- 
braided and formed into bushing rings 


plastic packings. It is also 


to reduce excessive clearance between 
rods and throat bushings. Square-braided 
copper is also useful as an insert in as- 


bestos channel packings on hot oil, hot 


Fibers 


Animal 
Wool 
Hair Copper 
Leather 
Brass 


Vegetable 
Flax Aluminum 
Ramie 
Jute Iron 
Cotton ol 


Mineral Stainless 
Chrysotile Steel 
Asbestos 
Crocidolite 
Asbestos 


Nickel 


Monel 


Synthetic 
Nylon 
Rayon 
Teflon Zine 





Glycerol Moly 
Beeswax 

Lard Oil Mica 
Fish Oil 
Bronze Soap 


Vegetable 
Castor Oil 


Palm Oil 
Cottonseed 


Mineral 
Lube Oil 
Paraffin 
Petrolatum 
Waxes 
Greases 


Synthetic 
Inconel Oils 
Waxes 
Fluorolubes 
Silicones 


Graphite 


Waxes 


Elastomers 


Tale Teflon 


Teflon Other Resins 


Carbon 


Linseed Oil 








Asbestos 
Content 
(per cent) 


Commercial 75-80 
Underwriters 80-85 
A 85-90 
AA 90-95 
95-99 

99-100 








tar and asphalt pumps. Copper is usually 
used up to 1000 F. 

Aluminum, like copper, is used in the 
pure form in foil thicknesses of about 
0.001 in. Aluminum packings of equiva- 
lent construction are generally more flex- 
ible than those made of copper. Alumi- 
num is more resistant to sour crude oils 
at elevated temperatures, but copper is 
preferred for boiler feed-pump service. 
Hardened or hard-surfaced sleeves and 
shafts of 500 Brinell or over are required 
for satisfactory service with copper or 
aluminum packings. Aluminum is used 


in the temperature range from normal 


ambient temperatures up to 1000 F. 
Phosphor bronze is specified in pref- 
erence to copper by some _ users, pri- 
marily for heavy-duty boiler feed service. 
Pure nickel is made into foil for use 
in packing equipment that handles fused 
caustic alkalis. This is a service few 
other packing materials can withstand. 
Pure iron wire is used as a yarn-re- 
inforcing agent in valve packing for mer- 
cury boilers. Pure soft iron is also used 


in thin sheets over asbestos or in the 


massive form for high-pressure high-tem- 
perature applications. 

Monel, Inconel and stainless steel are 
all used as wire reinforcements for as- 
bestos yarns, in high pressure-high tem- 
perature steam, gas, and oil packings. 

Zinc is primarily used as a sacrificial 
metal in packings intended for valve 
stem service. The zinc inhibits pitting 
of 400-series stainless-steel valve stems 
caused by galvanic corrosion, usually in 
shelf storage. 


Packing Lubricants: A lubricant should: 


1. Be oily enough for proper lubrica- 
tion. 
Be substantially insoluble in the 
fluid pumped so that it will not 
thin out or wash out. 

. Not contaminate the pumpage. 

. Not gum up on shelf or in boxes 
that are packed but not operating. 

5. Be noncorrosive to metals involved. 

6. Be difficult to melt out in high- 
temperature applications. 

The following are the most commonly 
used lubricants. 
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Tallow is widely used as a packing 
lubricant, especially on flax and other 
fibrous packings for cold water service. 
Its main limitation is its tendency to 
break down and form free fatty acid. This 
acid sometimes attacks the metals of 
shafts or glands as well as the metal 
used with the flax in packings. 

Castor oil has also been a_ versatile 
lubricant in machinery as well as in 
packing. Its value in packings has been 
due mainly to its resistance to solution 
in petroleum solvents. 

Carnauba wax is also resistant to pe- 
troleum solvents. It is most useful in 
packing lubricants in combination with 
castor oil. Still another is palm oil, 
which is often used in plastic packings. 

Glycerine is insoluble in petroleum dis- 
tillates and is used in gasoline packings, 
gaskets, and as a lubricant on some rub- 
ber steam packings, etc. Another gasoline- 
resistant lubricant used is soft soap. 

Mineral-base lubricants are mainly de- 
rived from the petroleum refining in- 
dustry, although some fossil mineral waxes 
such as ozocerite are also used. 

Steam-cylinder oil is a very common 
packing lubricant, especially in braided 
asbestos packing. Many packings are also 
lubricated with lower viscosity oils with 
less heat resistance. But a packing lu- 
bricant based on a high-quality oil is 
preferred. 

Some manufacturers use oils alone. 
Others add waxes to make the lubricant 
solid at room temperature but still able 
to melt and flow as the temperature of 
the packing rises. Such blends resist be- 
ing pressed out of the packing. 

Paraffin is a petroleum wax separated 
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from lubricating oil by chilling until 
the paraffin crystallizes. Petrolatum base 
and microcrystalline waxes are separated 
by solvent extraction processes. 

Graphite is a dry lubricant with a 
high density and a crystalline structure 
which contribute to its valuable prop- 
erties. It is slippery, inert to most chemi- 
cals, and separates into very thin flakes 
which adhere to the packing and the rod, 
shaft or stem, reducing friction far be- 
low that encountered with dry asbestos 
or metal. 

Molybdenum disulfide is a dry lubri- 
cant similar in appearance and feel to 
graphite. This material is used as an 
antigalling agent for metals, either dry 
or mixed with oils, greases, etc. It is a 
nonconductor and prevents galvanic cor- 
rosion, but is undesirable for heavy-duty 
valve stem packings because of its low 
decomposition temperature. Exposed to 
air, molybdenum disulfide decomposes at 
approximately 600 F. In plastic packings, 
molybdenum disulfide has a reinforcing 
effect so that the softness and flexibility 
attainable with flake graphite are not 
achieved. Molybdenum disulfide costs 
four to six times as much as graphite 
and has a density twice that of graph- 
ite so that, on a volume basis, it is too 
expensive to balance out its few ad- 
vantages for most packing uses. 

Mica and tale are hydrated silicates of 
potassium-aluminum and magnesium re- 
spectively. Talc has about the same hard- 
ness as graphite, whereas mica is harder 
than graphite. Both are used to replace 
graphite in packings, but neither is as 
effective a lubricant. Packings contain- 
ing only mica or talc have higher fric- 
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tion than graphited packings and are 
limited to applications where graphite is 
objectionable from the standpoint of 
color. 

Newer lubricants meeting the require- 
ments for insolubility and high melting 
point are difficult to impregnate into 
braided packings. This is true of three 
classes of relatively new lubricants, all 
of which are valuable in packing prac- 
tice. 

The first group is thickened mineral 
oils. These oils are solidified by milling 
them with such materials as very fine 
carbon black, bentones, or finely-divided 
silica gel. Such oils have no true melt- 
ing point and will often volatilize rather 
than melt and run off as the tempera- 
ture rises. They are available in several 
consistencies and are good lubricants even 
though they remain solid. 

Another type suitable for high tem- 
peratures and also for very low tem- 
peratures are silicone greases, which are 
again silicone oils with a_ thickening 
agent. 

A third type very useful for highly 
corrosive acids are the fluorocarbon 
greases. These are made either by thick- 
ening fluorocarbon oils or by blending 
fluorocarbon oils and waxes. 

All of these groups are best applied to 
jacket-over-jacket packings rather than 
square or interlocking-braid type and are 
ordinarily applied by mechanical appli- 
cation to successive jackets and to the 
outside. 

These lubricants are also valuable for 
adding through a lantern gland in ap- 
plications requiring low leakage of 
pumpage. 





CHAPTER 
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Molded Packings 





M OLDED packings are often called automatic, hydraulic, 

As a general group, these 
packings usually do not require any gland adjustment after 
The fluid being sealed supplies the pressure 
needed to produce the force for seating the packings against 


or mechanical packings. 
installation. 


the wearing surface. 


Lip-Type 


This general classification of packings can be subdivided 
into two categories: Lip and squeeze types. The lip-type 
packings include flange, cup, U-cup, U-ring and V-ring 
packings. The squeeze types include the O-ring and other 
similar forms which rely on the interference built into the 


ring for effective sealing. 
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Lip-type packings of the flange, cup, 
U-cup, U-ring and V-ring configurations 
are used almost exclusively for dynamic 
applications. Although reciprocating and 
rotary motions are encountered, the pack- 
ings discussed here are used primarily for 
sealing during reciprocating motion. Hence, 
all the recommendations and designs men- 
tioned in this chapter apply to reciprocat- 
ing service. 

In general, the term U-cup applies to a 
homogeneous rubber packing which has 
a U-shaped cross section. Common in- 
dustry nomenclature refers to leather and 
fabricated packing with U-shaped cross 
sections as U-rings. 

Before discussing the types, styles, de- 
signs and proper application of the pack- 
ings, the various materials used for these 
packings along with the merits and limi- 
tations of the materials will be covered 


Packing Materials 


Leather is one of the oldest packing ma 
terials and is still used in certain applica- 
tions. Of the three basic types of tan- 
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nages, vegetable, chrome, and retan, the 
latter two are the most common. Since 
leather is inherently porous regardless of 
tannage, the voids between fibers require 
impregnation. Until recently, the com- 
mon impregnation material was wax. How- 
ever, impregnation of leather by synthetic 
rubber has generally replaced wax. The 
most common type of synthetic rubber is 
a liquid polysulphide. With impregna- 
tion, the maximum temperature is limited 
by the leather itself, as the impregnation 
has no miscibility point and will not wash 
out under temperature or pressure. The 
safe maximum temperature for chrome or 
retan leather is 180F with a maximum 
of 200F for intermittent service. 

Leather, completely impregnated with 
liquid polysulphide, is excellent for most 
environments including air, mineral oil— 
regardless of its aniline point, and phos- 
phate-ester fire-resistant fluids. 

Leather packings should not be used for 
pressurized steam, strong alkalies, and acid 
conditions outside the pH range of 3 to 8.5. 
Leather can be used at temperatures down 
to —65 F. The flexibility of the packing at 


this temperature depends on the type of 
impregnation. 

Leather packings have low frictional 
characteristics, high tensile strength, and 
will resist extrusion (cold flow). These 
characteristics alone make leather packings 
popular for high pressure applications and 
where metal clearances are not held to a 
minimum. 

Leather washers (antiextrusion rings) 
are used behind packings and O-rings to 
bridge the clearance and stop extrusion, 
particularly at pressures over 3000 psi. 

Leather will not score a metal surface, 
but has the opposite effect of reducing the 
surface finish in a manner similar to the 
stropping of a razor on a leather strap. 
For rough surfaces, leather packings are 
more desirable than fabricated or ho- 
mogeneous synthetic rubber. Metal sur- 
face finish over which a leather packing 
moves should be a maximum of 63 rms 
and, preferably, 32 rms. 

The inherent fiber structure of leather 
permits an absorption of fluid which tends 
to lubricate the packing and, during re- 
ciprocating motion, leaves a slight film on 
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the cylinder wall or rod. Constant re- 
versal of stroke results in a buildup of 
film and a light seepage or weeping may 
be noticed. 

Leather packings are available in stand- 
ard sizes (see Appendix) and in the fol- 
lowing styles: Flange, cup, U-ring and 
V-ring. 


Fabricated rubber packings are com- 
posed of synthetic rubber and fabric. The 
characteristics of the fabric used for these 
packings can be compared somewhat to 
leather fibers with the synthetic rubber 
compound serving as the impregnating 
agent. The fabric is used as a rein- 
forcement for the synthetic rubber to pro- 
vide greater strength under high pres- 
sures and to resist extrusion. The three 
most common fabrics used are duck (cot- 
ton), asbestos, and nylon. Duck is used 
for temperatures under 250F, while as- 
bestos is usually used for temperatures 
over 250F. Nylon is used where greater 
strength and high flexibility are required. 

The synthetic rubber used in fabricated 
packings depends on the type of fluid and 
temperature. The most common base 
polymers are: Polychloroprene, Buna-N, 
Buna-S, Butyl and Viton. Polychloroprene 
and Buna-N are used for oil service, 
Buna-S for water, and Butyl for phosphate 
esters. Viton is used for high-tempera- 
ture applications. 

Fabricated packings have a tendency to 
wipe dryer than leather packings. How- 
ever, a slight amount of wicking action 
due to the cloth reinforcement is present 
and is accentuated with increases in pres- 
sure. Fabricated packings have a greater 
temperature range than leather. Likewise, 
the pH range is very broad—from acids 
to strong alkalies—depending on the fabric 
and polymer base. 

Metal surface finish for fabricated pack- 
ings should be a maximum of 32 rms and, 
a preferred value of 16 rms. On a rough 
surface, the packing fabric will abrade 
very quickly causing premature failure. 

Packing frictional characteristics and ex- 
trusion are a function of packing hard- 
ness. For a given pressure and metal clear- 
ance, a hard packing will withstand ex- 
trusion better than a soft one, but the re- 
sulting friction will be higher. The fabric 
reinforcement helps limit extrusion and 
still permits use of a fairly soft synthetic 
rubber to minimize frictional values. Large 
metal clearances and high pressures require 
a hard packing at the expense of high 
friction. 

Fabricated packing styles are: Flange, 
cup, U-ring and V-ring. Standard sizes 
have been established for both cup and 
V-ring packings (see Appendix). 


Homogeneous packings do not contain a 
fabric reinforcement. They are compound- 
ed from many types of synthetic rubber- 
depending on the style, and application. 

Compounding elastic materials of syn- 
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Fig. 1—Inside and outside-packed installations. 
area of excessive clearance is between the rod and cylinder wall. 


} ‘Inside 
support ring 
Outside Packed 





For inside packed installation, the 
For outside packed 


installations, the area of excessive clearance is between the rod or shaft and back 


support ring. 


thetic rubber for a specific medium and 
operating condition is more complex than 
for most other materials. Resilient com- 
pounds have intricate, semiplastic, col- 
loidal structures which can have almost in- 
finite variation due to the many com- 
binations of ingredients used. The most 
common base polymers are: Polychloro- 
prene, Buna-N, Buna-S, Butyl, and Viton. 
The hardness range varies for most con- 
ditions from 60 to 90 Shore A Durometer. 


Homogeneous packings are similar to 
the fabricated type and have a tempera- 
ture range from —65 to +500F and a 
wide pH range. Homogeneous packings 
which contain no reinforcement are sub- 
ject to extrusion, thus metal clearances 
must be held to a minimum, particularly 
at pressures over 1500 psi. At higher pres- 
sures, antiextrusion rings can be used. 

Metal surface finishes are critical for 
successful operation of homogeneous pack- 
ings. Finishes around 16 rms are recom- 
mended. A surface finish of less than 8 
rms will increase the total friction of 
the packing. Homogeneous packings usual- 
ly wipe dryer than other types since the 
material itself will not pick up and ab- 
sorb fluid. 

Homogeneous packings are produced in 
cup, flange, V-ring, U-cup, and O-ring 
configurations, Standard sizes for V- 
ring, O-ring, and U-cup are given in the 
Appendix. 

Teflon packings are inert to practically 
all chemicals and solvents. However, they 
have little flexibility or elasticity, making 
them difficult to install. Although Teflon 
has a slippery feel and resists adhesion to 
most metals, the total friction of Teflon 
packings under presure is very high as 
compared to packings made of leather, fab- 
ric or homogeneous rubber. 

Teflon is a thermoplastic resin and is 
subject to extrusion at elevated tempera- 
tures, Gepending on the pressure. Hence, 


the combination of temperature and pres- 
sure must be considered in application of 
Teflon packings. As a general rule: For 
3000 psi, the maximum temperature is 
300 F and for lower pressures, the temper- 
atures can be increased up to 500F. 

Lack of resilience of Teflon packings gen- 
erally limits their use to special applica- 
tions in the chemical field. There are also 
many other plastic materials which are 
molded in packings for special cases. 

The conventional Teflon packings are: 
Cup, U-cup, V-ring, and flange. 


General Design Considerations 


Seal Loading: The principle of opera- 
tion for all dynamic packings is the same, 
regardless of type or material. A molded 
packing, particularly the lip type, should 
be installed in such a way that it can 
expand and contract freely. This action is 
referred to as breathing. A molded pack- 
ing should not be used under high me- 
chanical pressure since this in effect trans- 
forms a self-acting packing into a com- 
pression packing. 

Mechanical pressure, applied by over 
tightening a packing installation, will not 
properly preload it. Preloading is essen- 
tial to insure a tight fit for the packing 
at low pressures. A lip-type packing, 
molded with a slight flare, is preloaded at 
the lips upon installation. Applying me- 
chanical pressure to squeeze the bottom 
of a cup or to compress a set of V-ring 
does not constitute correct preloading. 

A lip-type packing is a mechanical seal 
and functions on an entirely different 
principle than a compression packing. 
Sealing of a lip-type packing is accom- 
plished by the force of the actuating pres- 
sure which expands the packing. The 
friction force produced is in proportion to 
the pressure on the pressure stroke. If the 
packing is allowed to breathe, the fric- 
tion on the return stroke will be negligible. 
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DESIGN DATA 


For Leather or Fabricated Packings 





Cylinder 


Diameter (in Under 500 psi 


Diametrai Clearance (in.) 


500-3000 psi 





3 0.006 
0.008 
0.010 
0.012 
0.014 
0.016 


uncer 
3 to 8 
8 to 10 
10 12 
12 16 
16 24 


For Homogeneous Packings 





Cylinder 
Diameter (in.) 


Diametral 
Under 500 psi 


Clearance (in.) 


500-1500 psi 





0.006 
0.007 
0.008 
0.009 


Up to 1 

1 through 14% 
1% through 4% 
5 through 16 


0.005 
0.006 
0.007 
0.008 





wall 





*For inside-packed installations, clearance is between the rod or piston and cylinder 
For outside-packed installations, clearance is between back support ring and shaft. 








Sealing action of a compression pack- 
ing requires mechanical pressure. The 
packing must be tightened to a point 
where the resultant force on the rod 
is equal to or greater than the actuating 
pressure. Hence, the total friction of the 
packing is practically the same on both 
the pressure and return strokes. 


Back Support Ring: Under pressure, all 
packings follow the shape and contour of 
the back supporting component. The 
greatest wear on a packing occurs at the 
shoulder. Proper support of the packing at 
its shoulder is the first and most vital fac- 
tor in the design of the packing installa- 
tion. If excessive clearance exists between 
the cylinder wall or the shaft and the 
ring, operating pressure will extrude the 
shoulder of the packing into the clearance. 
The greater the pressure and clearance, 


Condition 


ou 
Alr 
Water 
Steam Not 
Solvents Not 
Acids Not 
Alkalies Not 
Fire resistant fluids: 

Phosphate ester Wax or 

Water-glycol 

Water-oil emulsion 
Temperature range, deg F 
Types of Metal 


Metal Finish, rms (max.) 
Clearances 

Extrusions or cold flow 
Friction coefficient 
Resistance to abrasion 
Maximum pressure, psi 
Concentricity 

Side loads 

High shock loads 





Polysulphide Impregnation 
Not recommended 

Wax or Polysulphide Impregnation 

65 to 

Ferrous and nonferrous 


the more quickly extrusion will occur. 

Examples of typical inside and outside 
dynamic packing installations are shown 
in Fig. 1. Areas of excessive clearances are 
indicated. Recommended diametral clear- 
ances for either inside or outside-packed 
installations are based on the type of 
material, Table 1. 


Inside Support Ring: An inside support 
ring, if made from metal, should not have 
a tight fit, but should have clearance and 
the corners should have a slight radius 
to prevent cutting the inside shoulder of 
the packing. This clearance is necessary, 
since all packing materials swell some 
depending on the raw material and the 
type of fluid. Leather, impregnated or 
natural, will swell more in water than 
fabricated or homogeneous materials. 

If no clearance is provided, the pack- 


Leather 


Good 

Good 

Good 
recommended 
recommended 
recommended 


recommended Good 


+180 F 


63 16 
Medium Very close 
Good Poor 
Low 
Good 
125,000 
Medium 
Fair 
Good 


Fair 
5000 
Very close 
Poor 
Poor to fair 


Butyl and Base Polymer 
Buna-N and Base Polymer 
Buna-N and Base Polymer 
-65 to +400 F 
Chrome plated stee! and non- 
ferrous alloys with hard, 
smooth surfaces 


Medium and high 


ing will swell and cause binding. With 
clearance, the packing is free to breathe, 
and even a slight excessive clearance will 
not cause trouble. A good rule to follow 
is to allow a side clearance of approxi- 
mately one-third the packing thickness. 
This value applies to leather packings and 
can be reduced for fabricated or ho- 
mogeneous types. It is not applicable for 
V-ring packings. 


Metals and Finish: The type of metal 
and surface finish over which the pack- 
ing operates is critical. A hard, close- 
grained material that will take and hold 
a fine finish produces the least packing 
friction and wear. Soft metals result in 
high packing friction regardless of finish. 
Rods exposed to the atmosphere should be 
chrome plated. In a dirty environment, 
the packing and other parts should be 
protected by use of a rod scraper. 


Bearing Area: Packings are designed 
to function as a seal and should not be 
subjected to any bearing loads. Packings 
must be free to operate independently with 
sufficient bearing support provided. Ec- 
centric loads can seldom be avoided in 
practice and every effort should be made to 
guide the rod effectively in the cylinder 
without imposing any side strains on the 
packings. 


Cylinders and Rods: Good packing serv- 
ice cannot be expected from cylinders or 
rods which are not concentric. If com- 
mercial tubing is used for cylinders, in- 
side surface finish and ID concentricity 
requirements must be met. 


Systems: A clean system is essential. 
Filters and rod scrapers will guard against 
contamination. A filter in a line will 
trap foreign particles, such as metal chips 


Fair 


Butyl and Base Polymer 
Buna-N and Base Polymer 
Buna-N and Base Polymer 

—20 to +600 F 
Chrome plated steel and non- 
ferrous alloys with hard, 
smooth surfaces 
32 
Close 
Fair 
Medium 
Fair 
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and dirt. These components will help in- 
sure long packing life with trouble free 
service. 


Operating Conditions: The many vari- 
ables and special operating conditions to 
which packings are subjected do not per- 
mit any specific rules for their selection. 
Table 2 can serve as a guide in selecting 
the proper lip-type packing material. 

Choosing the proper packing configura- 
tion depends on whether it will be used for 
inside packed or outside-packed installa- 
tions. Some styles can only be used for 
one or the other. 

In an _ inside-packed installation, the 
packing is on the end of the rod or plunger 
and moves with the rod. The following 
styles can be used: Cup, U-ring, and 
V-ring. In an outside-packed installation, 
the packing is in a stationary gland and 
the rod moves through the packing. Here, 
the flange, U-ring, and V-ring styles are 
used. 

No one packing style is superior to all 
others. Of the four styles, the cup and 
flange are considered unbalanced, while 
the U-ring and V-ring are considered bal- 
anced packings. A balanced packing seals 
on both the OD and ID, and the pressure 
is equalized on the side walls of the 
gland or recess. 


V-Ring Packings 


These packings are the most popular 
of all the lip types, and are used for low 
or high-pressure applications. They can 
be installed on a piston (inside packed) 
or in a gland (outside packed) and can 
be used for both single and double-acting 
cylinders. 

Also, small cross sections of this type 
can be used to reduce the stress on the 
gland rings. Properly installed, V-rings 
usually outperform other lip-type seals, 
particularly at pressures above 50,000 psi. 

V-ring packings are installed in sets, 
each set consisting of a number of V- 
rings (pressure rings) and a male and 
female adapter. The number of packings 
to a set depends upon the pressure and 
packing material, Table 3. The recom- 
mendations listed are general and apply 
to most installations. There are ex- 
ceptions, however, where special operat- 
ing conditions exist. 

V-ring sets are often applied split on 
an angle for ease of installation. When 
split sets are used, the joints should be 
staggered on successive packings similar 
to piston rings. Whenever possible, endless 
(solid) rings are recommended because of 
their superior sealing qualities and long 
life. 

Fabricated V-ring packings can be sur- 
face coated with flake graphite to provide 
lubrication for ease of installation. In 
some installations, this graphite will build 
up in the system and cause trouble. For 
these cases, it is better to coat the pack- 
ings with a silicone oil or, at the time of 
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Threaded Type 


installation, to apply a good lubricant to 
the surface of the set. This procedure is 
used for leather and homogeneous V- 
packings. 

Adapters: Female adapters which sup- 
port the entire set should have the same 
angle as the V-ring to maintain proper 
support. The established included angle 
for standard V-rings is 90 deg. V-ring 
packings with a 60 deg included angle are 
made for special applications. 

Where pressure is very low and fric- 
tion is a problem, a female adapter with 
a 96 deg included angle can be used to 
permit greater spread of the ring. In no 
case should a female adapter with an 
angle smaller than the angle of the ring 
be used. The male adapter should have 
the same angle as the female adapter. 

The adapters are usually made from 
metal, hard homogeneous rubber, leather, 
phenolics, and fabricated rubber. Each 
of these materials has merits and limita- 
tions. The female adapter supports the en- 
tire set of V-rings and is therefore more 
critical in design than the male adapter. 
The female adapter takes the punishment 
and can change the wear pattern of a set 
of V-rings to either increase or decrease 
service life. 

The female adapter must bridge the 
clearance in the packing and thus, is sub- 
ject to extrusion. A metal female adapter 
does not extrude. However, the packings 
will show a high wear pattern as the 
packing adjacent to the adapter must take 
greater abuse. Eventually, the entire set 
will show high wear with increased leak- 
age. , 

Phenolic adapters, molded or machined 
from tube stock, are only slightly better 
than metal. The phenolics breathe very 
little and fracture at high pressures. The 
wear pattern is only slightly improved over 
metal. A phenolic adapter should not act 


Pressure 
(psi) 
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Fig. 2—V-ring packing in an 
outside-packed installation. 


Bolted Type 


as a bearing to eliminate galling due to 
side loads. A phenolic bull ring behind 
the female adapter can be provided to 
serve as a bearing and remove all bearing 
loads from the adapter. 

Female adapters of leather, fabricated 
rubber, or homogeneous rubber are com- 
pressible under pressure without fracturing 
and will breathe with the packings. In 
this respect, they are superior to metal or 
phenolic adapters. Also, the wear pattern 
of the packing is improved as the female 
adapter takes the abuse. 

A female adapter of a soft material will 
extrude into the clearance and shorten 
the life of the V-ring packing. Therefore, 
the material for the female adapter should 
be a compromise between a hard, noncom- 
pressible material and one which is too 
soft. 

Under high pressures, seal life is more 
dependent on the ability of the adapter 
material to resist extrusion than on the 
physical properties of the packing mate- 
rial itself. Standard dimensions for male 
and female adapters are given in Table 4 
in the Appendix. 


Packing Application: Homogeneous and 
most fabric V-ring packings are generally 
molded with the lip at a slight angle. 
When the packings are installed, this 
flare automatically preloads the packings 
and only slight initial adjustment of the 
gland ring is necessary. Leather V-rings 
do not have this flare and require slightly 
more initial adjustment to provide the 
preload. Regardless of the material, pack- 
ing sets should not be tightened excessively 
and should be allowed to function as a 
mechanical packing. Due to their con- 
figuration, they are sensitive to pressure 
changes. 

Standards set up for V-ring packings 
specify a tolerance of plus or minus 


Number of Packings per Set 
Hi Fabricated 





Up to 500 

500 to 1500 
1500 to 3000 
3000 to 5000 
5000 to 10,000 
10,000 and over 





*Based on solid rings. 
































cylinders. 














Incorrect: The female adapter is not 
fixed and load is transferred between 
packing sets during application of pres- 
sure, resulting in excessive friction and 
packing wear. 


Incorrect: The maximum operating pres- 
sure is trapped between the packing sets, 
thus maintaining packing friction at a 
maximum, even during a low-pressure 
return stroke 


Correct: Installing packing sets back- 
to-back against a fixed female adapter 
prevents a transfer of load between 
the sets, thus each set of packings 
functions independently. 


Fig. 3—Incorrect and correct V-ring packing installations on double acting 
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0.010 in. for stack height of each V-ring, 
and this same tolerance applies for the 
adapters. Hence, in a set of four V-ring 
packings and adapters, a total variation 
of plus or minus 0.060 in. is permissible. 
Therefore, in designing the gland and 
gland ring, this variation should be taken 
into consideration. When a fixed or non- 
adjustable gland is used, it is recom- 
mended that the packing space be de- 
signed to the highside of the tolerance 
and, if the sets are under size, provide 
shims to take up the space. Sets of pack- 
ings should not function loosely in a 
gland or they may become cocked. Fur- 
thermore, on installations with fast re- 
versals, a loose set will cause a pump- 
ing action that results in leakage. 

V-ring packing installations should be 
designed to eliminate the necessity of in- 
stalling the packings over or through 
threaded surfaces or other sharp projec- 
tions without adequate clearance, Fig. 2. 
Table 5 gives the recommended mini- 
mum offset and chamfer allowances nec- 
essary for outside packed glands. The 
top of the gland should have a chamfer 
of approximately 30 deg for both threaded 
and bolted-type glands. 

When using the threaded type, the fe 
male ring should be a separate piece to 
prevent the gland ring from rotating on 
the set of packings. For the bolted type, 
the female ring can be machined into the 
nose of the gland ring. Fig. 3 shows in- 
correct and correct installations of V-ring 
sets on the piston of double acting cylin- 
ders. Fig. 4 shows a design for a double- 
acting cylinder in which only one gland 
ring is used. 

For some installations, a mixed set of 
packings of different materials is superior. 
For example, a set can consist of three 
fabricated and one homogeneous, or two 
leather and two homogeneous, depending 
on friction, pressure, and how dry the 
set must wipe. The homogeneous pack- 





Cross Section Offset 


(in.) (in.) 
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Fig. 4—An inside packed installation 
using one gland ring. The sets of V- 
rings are held in place by ring. An 
O-ring between sleeve and the piston 
stem prevents leakage along the sleeve. 
The ring and threads bear all of the 
load during the pull-back stroke. Piston 
head acts as the guide or bearing area. 


ings will wipe drier, but will produce 
slightly greater friction than fabric or 
leather. Mixed sets of leather and ho- 
mogeneous V-ring packings are used where 
high pressures and a dry rod are en- 
countered. The leather packings back up 
and support the homogeneous elements 
similar to a back-up washer. 

For best results with mixed sets, the 
V-rings should have the same included 
angle, stack height, and approximate out- 
side radius. Standard V-rings (see Appen- 
dix) can be obtained in either homogene- 
ous, leather or fabricated with stack 
heights and tolerances the same. Both 
V-ring packings and adapters in stand- 
ard sizes are furnished in solid form 
(unsplit), but can be split if necessary. 


Stack Height: The nominal over-all 
height for sets of standard V-ring packings 
and adapters is given in Table 6. For 
V-rings larger than the standard sizes, 
there are two cross sections, 5% in. and 
¥, in., which are recommended, depend- 
ing on the ID. These cross sections are 
considered standard but, the stack heights 
for them are not. Hence, each packing 
manufacturer has a different stack height. 
Likewise, the adapters vary in stack height 
depending on the manufacturer. 

In some installations where the gland 


installations, since the set can be pre- 
loaded with an adjustable gland. How- 
ever, sets of V-ring packings can be pre- 
loaded with metal springs to eliminate 
necessity of manually tightening the gland 
ring, Fig. 5. Also, a metal spring com- 
pensates for the over-all tolerance on a 
set of V-type packings. Hence the gland 
ring can be tightened for a metal-to-metal 
surface contact. The set of V-ring pack- 
ings is preloaded to a predetermined 
amount by compression of the spring. 

Conical springs are recommended for 
single spring installations and are applica- 
ble to standard V-ring packing sizes up 
to and including the dash 35 size. Mul- 
tiple spring installations are applicable 
to sizes dash 36 and up. 

With respect to loading, a value of 5 
Ib per in. of mean circumference for the 
spring load will give good results for 
either single or multiple spring installa- 
tions. The metal male support rings 
should be designed to provide proper sup- 
port. The proper methods for calculating 
single spring and multiple spring instal- 
lations are: 


For Single Spring Installations: 
1. Determine estimated mean diam- 
eter of conical spring from 


Din = Dip + 3W/2 


where Dm = estimated mean diam 
of spring, in.; Dip = packing in- 
side diam, in.; and W = nominal 
packing cross section, in. For cal- 
culating cylindrical coil springs, 
substitute W for 3W/2 in step l, 
omit step 4 and substitute Dm? 
for D,? in step 5. 
2. Determine wire size: 


Multiple 
Spring 
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, =( 107 Dyn? )* 
eS 35,357 


where d = wire diam, in. 


. From Table 7 select standard wire 


size nearest d. 


. Determine actual mean diameter of 


conical spring: 
D, = Don — Y2(W + dh) 


where D; = actual mean diam of 
spring, in.; Dop = packing outside 
diam, in.; w = nominal packing 
cross section, in; and d; = actual 
wire diam from Table 7. 


5. Determine spring deflection: 


_ 0.0128 D,? 
d, 


Data for single spring installations: 


All springs have 3 coils—one of 
which will be active. 

All springs have ends squared and 
ground. 

Wire size = di. 

Free length = 4 dif. 

Top coil OD = Don ~— W + 
di. 

Bottom coil OD = Don. 


For Multiple Spring Installations: Two 
standard cylindrical spring sizes are gen- 
erally used, depending on packing size. 

For standard packing sizes dash 36 

through dash 55: 


1. Use one spring per inch 
(approx.) of mean circumference. 


2. All springs have ten coils—eight 


of which are active. 

. All springs have ends squared 
and ground. 

. Spring OD = 15/64 in. 


Fig. 5—Two methods of spring 
loading a set of V-ring pack- 
ings: Single spring for small 
diameters, multiple spring for 
large diameters. 


is machined exceptionally deep, 8 to 12 V- 
rings may be necessary to fill up the 

space. This is not economical and it is , ee 5 —— 
better to install a metal bull ring to fill iff 

up part of the space. This approach also 
provides increased bearing area. 


Stack Height (in.)* 
4 per set 5 per set 


*Includes adapters 


Spring Loading: Generally, it is not 
necessary to spring load V-ring packing 
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DESIGN DATA 





. Wire size = No. 19 (0.041 in. 
diam) 

. Free length = 29/32 in. 
standard packing sizes dash 56 
up: 

. Use one spring for every two 
inches (approx.) of mean cir- 
cumference. 

. All springs have ten coils—eight 
of which are active. 

. All springs have ends squared 
and ground. 

. Spring OD = 11/32 in. 

5. Wire size = No. 18 (0.047 
diam) 

. Free length = 1 in. 


? 
i LA 


Packing clamped directly to back 
follower plate. No control of 
clamping pressure provided. 


* 
1 


tI 


antar 
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Cup Packings 


A boss is incorporated in the piston 
to prevent excessive tightening and Leather cup packings, one of the oldest 
over-stressing the packing. types of lip or mechanical packings, are 
used in large volume for both hydraulic 
and pneumatic service at low and high 
pressures. They are also available in 
homogeneous and fabricated synthetic rub- 
ber, but other materials such as Teflon, 
nylon and various types of plastics are 
used for special applications. 

Cups have only a single lip and are 
classified as an unbalanced packing, 
O-ring site _ Fig. 6. 

Excessive tightening of the inside fol- 
lower to the back follower will tend to 
crush the bottom of the cup and hinder 
sealing. It also causes lip “toe in,” high 
friction, excessive wear and prevents the 
from breathing. Some cups are 


























The inside follower plate is 
provided with a boss and 
undercut for cushioning the 


follower plate on a rubber cup 
manufactured with extremely hard bot- 


O-ring. 
i toms to prevent crushing or breaking due 
to excessive mechanical pressure. 

At extremely low pressures, a cup may 
lower ‘Follower height such seal at the lip, but normally, the proper 

' that there is m seal is not established unti! the heel 

sqeeze on cup bottom diameter has expanded to the diameter 
of the cylinder wall. Wear takes place 
at the heel or shoulder of the packing, 
with very little wear, if any, occurring at 
the lip. 

The heel expands under pressure and 
the bottom of the cup must be free to 
return when pressure is reduced. If ex- 
cessive mechanical pressure is applied to 
the bottom, the cup will be pinched be- 
tween the inside follower and the back 
support or back follower. Under load, 
the actuating pressure acting upon the in- 
side follower compresses the bottom of 
the cup, causing the heel diameter to ex- 
A cup packing design for allowing rotary pand to the cylinder diameter. On the 
motion plus reciprocating motion. The return stroke, with zero pressure, the bot- 
shaft is held in place by a pin but is free tom is still pinched under mechanical 
to rotate through the back follower. pressure and stays out rather than return- 
ing. The inside follower provides clear- 
ance to allow for any swelling and bind- 
ing of the packing. A good rule to fol- 
low for leather, fabricated, or homogene- 
ous cups is to provide one-third the fol- 
lower thickness on each side for clearance. 

To overcome excessive tightening on the 
Fig. 6—Typical cup-packing designs. bottom of the cup and also to prevent 
overstressing the bottom due to shock 


Seat washer 





for J-ring 


™——- 


. 


A double-acting unit with a sleeve and 
O-ring around the boss to prevent trans- 
fer of load between cups (similar to the 
V-packing design in Fig. 4) 
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Fig. 7—Spring expander 
design for cup packings. 


err as 
nah et 


loads of high pressure, a boss can be in- 
corporated into the back support, Fig. 6. 
The idea is good but does not work out 
in practice. A typical cup is manufactured 
with a thickness tolerance of plus 0.010 
to 0.020 in. Therefore, it is extremely 
difficult to control the amount of me- 
chanical compression at the bottom. 

Furthermore, the boss does not prevent 
the bottom of the cup from being sub- 
jected to the full-load pressure. This 
pressure is equal in all directions irre- 
spective of hole size, follower size or omis- 
sion of an inside follower plate. As an 
example, if the boss is not in metal-to- 
metal contact, the pressure will act on the 
inside follower and compress the cup bot- 
tom. If the boss is in metal-to-metal con- 
tact with no compression on the cup bot- 
tom, then the actuating pressure will act 
on the bottom of the cup. The boss, 
however, does allow for centering the cup 
on the piston. 

Resilient cup packings are preferred over 
hard cups except for very high pressures 
where a harder cup will better withstand 
However, for these applica- 
tions a leather antiextrusion washer can 
be added behind a resilient cup to effec- 
tively prevent extrusion. 

Resilient cups, regardless of material, 
are more sensitive to bottom compression 
by overtightening of the inside follower. 
Excessive friction, chattering and poor 
service life can be eliminated by cushion- 
ing the inside follower plate on a rubber 
O-ring as shown in Fig. 6. This O-ring, 
effectively an adaptation of the spring- 
loading principle for cup packings, per- 
mits the packing to breathe, thereby pro- 
viding long service life and perfect seal- 
ing at low and high pressures. 

The installation requires no more space 
than conventional design and change- 
over can be accomplished at a nominal 
investment. 

For double acting units, a boss design 
is recommended to prevent the transfer 
of load from one cup to the other. The 
sleeve should have a close fit in the cylin- 
der to eliminate extrusion. 

The lips or edges of cups are usually 
beveled from 15 deg to a maximum of 
30 deg, referenced from the horizontal. 


extrusion. 
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Design Data: ( All 
dimensions in inches) 
A=0; 
B= 2,-(2r+4) 
Cs a-?t 
(for 45 deg bevel) 
Ce ra -(O0.5777) 


L (for 30 deg bevel ) 
c 
a 


A steeper bevel does not add to packing 
flexibility or service life. Standard di- 
mensions for both leather and fabricated 
cups are listed in the Appendix. 


Cup Packing Expanders: Constant pres- 
sures, if reasonably high, will not usually 
require an expander for the packing. 
However, low and variable pressures often 
require expanders to exert the proper 
mechanical pressure on the lip of the 
packing. This maintains a slight preload 
on the cylinder or plunger. 

Several types of spring expanders are 
available. The finger type of expander 
is commonly used and is designed to fit 
inside a cup beneath the inside follower 
plate, Fig. 7. Standard size expanders in 
hard spring brass, 0.010-in. thick, are 
available for some standard size cups. 

For other size cups, | in. and over, the 
standard design dimensions given in 
Fig. 7 should be used. The diameter of 
the hole D in the expander should be 
made to fit the bolt or stud provided to 
secure the assembly in position. 

The metal thickness E ranges from 
0.010 in. for small sizes up to 0.020 in. 
for larger sizes. For small diameter cups, 
using thin leather and very low pressure, 
spring brass is recommended. For large 
diameters, using heavier leather and 
higher pressures, spring steel is recom- 
mended. 


U-Ring Packings 


This style packing in leather is some- 
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times called a “double cup” and in homo- 
geneous a U-cup. The correct and most 
common designation is U-ring packing 
and includes both leather and fabricated. 

All U-ring packings are balanced pack- 
ings of leather and fabricated material 
which seal on both the OD and ID. 
They are completely automatic in action 
with low frictional characteristics. They 
are a unit seal and are not stacked in 
nested sets. 

The leather U-ring is more common 
than the fabricated and the method of 
support, configuration of packing, and 
standard sizes vary between the two. 


Leather Types: Details of the gland 
and back supporting ring for leather 
U-ring packings are important. Provision 
must be made to adequately support the 
packing and keep the lips from collapsing. 
As a rule, leather U-ring packings are 
made with straight side walls. The recess 
of the U-ring should be filled with flax, 
hemp, rubber, hard tucks or contain a 
metal pedestal ring. Typical U-ring pack- 
ing designs are shown in Fig. 8. 

Clearance is required between each side 
of the pedestal ring and inside walls of 
the packing as shown. This clearance 
is necessary to allow for swell and elimi- 
nate binding. The nose of the pedestal 
ring should have a slight radius to pre- 
vent cutting the base of the packing. A 
clearance of '% in. should be provided 
between the beveled lip of the packing 
and the base of the pedestal ring. This 
allows free movement of the lips and pre- 












































Metal to 
metal 


/ Clearance 


A concave back support ring 
should not be used to support 
the packing outside shoulder. 
The sharp edges produced 
will wear to knife sharpness 
and cut into the shoulder of 
the packing when under pres- 
sure 


The U-packing is supported by 
a metal pedestal ring drilled 
cross-wise to equalize the 
pressure 


The recess can be filled with 
flax or hemp in cases where 
sufficient depth for a metal 
pedestal ring is not available. 


A homogeneous synthetic rub- 
ber strip with the end extend- 
ing beyond the lips of the 
packing can serve as a com- 
pressible pedestal ring. 


An anti-extrusion ring (safety 
pad) added under _ the 
shoulder of the packing to 
prevent extrusion of the cup 
in high pressure installations. 


Fig. 8—Typical U-ring packing 
designs. 
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vents the lips from striking the bottom 
of the pedestal ring, causing the lip to 
turn inward and destroy the seal. 

Height or depth of the pedestal ring 
depends on the amount of space allowed 
for the packing. This dimension should 
be calculated after the gland ring is all 
the way in and a metal-to-metal contact 
exists between the flange on the gland 
ring and the cylinder. 

In calculating the over-all height of the 
pedestal ring, 1/64 in. for compression on 
the bottom (base) of the U-ring should 
be included to hold it securely in place. 
The nose of the gland ring (back sup- 
port ring) should be square. 

Often, sufficient depth for a metal 
pedestal ring is not available. In such 
cases, the recess can be filled with flax 
or hemp. When the gland ring makes 
metal-to-metal contact, a clearance of 4 
in. is allowed between the beveled lip of 
the packing and the bottom of the gland. 
The filler should extend to the inside 
bevel of the packing and to the inside 
walls of the packing. 

Maintaining small metal clearances is 
most important when using U-ring pack- 
ings. If indications show that the pack- 
ing is failing due to extrusion at the 
shoulder, installation of a leather antiex- 
trusion washer (sometimes called a safety 
pad), under the shoulder of the pack- 
ing can correct this condition. This 
washer is usually made from two plies 
of leather 5/16-in. thick. The OD should 
be the same as the gland diameter and 
the hole should be the same diameter as 
the plunger. Under pressure, the safety 
pad will compress, flow radially and 
bridge the clearance, thereby protecting 
the shoulder of the U-ring packing. This 
same principle is applied to O-rings. In- 
side-packed installations follow the same 
basic design principles as outside packed. 

Standard sizes for leather U-ring pack- 
ings are given in the Appendix. For sizes 
larger than standard, the cross section is 
¥% in. and the depth is 14 in. up to 36 
in. OD and above 1¥2 in. above 36 in. 


Fabricated Types: Unlike the leather 
U-ring packing, the fabricated type is 
molded with the bottom thicker than the 
side walls and the side walls molded on 
a flare. This flare results in a preloaded 
packing upon installation and does not 
require a filler or any other support in 
the recess of the packing. 

No standards have been established for 
the fabricated U-ring packing and avail- 
able molds depend upon individual pack- 
ing manufacturers. Except for the above 
difference, the fabricated type is similar 
in operation to leather type. 


U-Cup Packings 
This style of balanced packing is prim- 


arily made of homogeneous synthetic rub- 
ber and is easily installed. It has low 
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frictional characteristics. Primarily used 
for pressures under 1500 psi, they are 
usually furnished in hardnesses of 70 
Shore A durometer. They can be sup- 
plied in 80 or 90 Shore A durometer for 
pressures over 1500 psi, but an anti-extru- 
sion ring is recommended. Typical U-cup 
packing designs are shown in Fig. 9. 

Unlike the leather U-rings, the metal 
ring in the inside-packed example should 
not exert undue pressure on the bottom 
of the packing, since it will tend to re- 
tract the lips (toe in) and force apart 
the heel. The base of the suporting ring 
should be designed to properly center the 
ring. Internal threads should be offset to 
protect the flexible lips of the packing. 

It is recommended, but not necessary, 
to use a metal support ring for outside- 
packed installations. For inside packed 
installations the metal support ring is 
seldom used. Fig. 9 shows an _ inside- 
packed installation for a single acting 
piston with a U-cup stretched over the 
piston and snapped into place. When 
stretching is required, a hardness of 70 
Shore A durometer is recommended, 
since it is difficult to stretch harder mate- 
rials, particularly the smaller sizes. 

For a double-aciing piston, an addi- 
tional groove is machined and two 
U-cups are installed. Two U-cups are 
never used in the same groove. A two- 
piece piston can be used to avoid groove 
cutting and consequent stretching of the 
U-cup for installation. 

The U-cup can easily replace the cup 
packing and, in many cases, is simpler 
and cheaper. Standard sizes for the 
U-cup are given in the Appendix. 


Flange Packings 


The flange—sometimes called hat—is 
the least popular of all the lip-type pack- 
ings. Primarily made in leather, it is 
also produced in fabricated and homo- 
geneous. It is unbalanced, with sealing 
on the ID only, and is used for low- 
pressure,  outside-packed _ installations, 
where a V-ring or U-ring cannot be 
used due to lack of space. With a mini- 
mum cross sectional width and shallow 
gland depth, the flange can be used suc- 
cessfully for reciprocating motion, also, 
the flange is used for rotary motion. 


Fig. 10 — Typical flange- 
packing designs. 
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Internally Threaded Design 
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Leather 
back-up 


Outside-packed installation “Vocher 


with an antiextrusion ring 
and the U-cup supported 
on a pedestal ring drilled 
cross-wise to equalize the 
pressure. (Similar to the 
corresponding U-cup de- 
sign shown in Fig. 8.) 


























Inside-packed installation for a 
single acting piston. 


Fig. 9—Typical 





U-cup packing designs. 























BJ 


Two-piece piston to facilitate in- 
stallation of U-cup in groove. 








In most installations, the flange pack- 
ing is installed using a threaded gland, 
either internal or external thread, Fig. 10. 
The internal threads should not extend to 
the bottom of the aperture or gland, since 
the OD of the packing could be cut, pre- 
venting a proper seal when the ring is 
tightened. 

The packing is mechanically operated 
by the actuating pressure on the ID side 
wall and relies upon mechanical com- 
pression of the base for sealing the OD. 
Hence, the gland ring must be drawn 
up sufficiently tight to effect a seal for 
the maximum operating pressure. 

Clearance is required between the side 
wall of the packing and the cylinder body 
to allow for swell. There also must be 
clearance between the beveled lip of the 
packing and the bottom of the gland. 

Fig. 10—illustrates a type of design 
where an endless, homogeneous, synthetic 
rubber ring, rectangular in cross section, 





with Ring Added 


Homoge' 
synthetic 
rubber ring 


Internally Threaded Design 


is placed around the side wall of the 
packing and the entire unit instalied with 
the gland ring tightened down in metal- 
to-metal surface contact. The gland ring 
should only cause slight compression on 
the packing assembly and still have clear- 
ance of at least 1/32 in. between the bot- 
tom of the gland and the assembly. The 
actuating pressure will cause compression 
of the rubber ring, thereby sealing the 
OD of the unit and creating pressure 
against the side wall of the packing which 
acts as an expander, forcing the wall 
against the rod. This type of installation 
has low friction and long life. It should 
not be used for rotary motion. 

Standards have been established only 
for leather flange packings up to and in- 
cluding 5 -in. ID and are listed in the 
Appendix. For rod diameters above 5! 
in., the use of V-ring or U-ring packings 
are recommended. 





Ceo eroean ene 


neous 





Externally Threaded Ring 
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Squeeze-Type Molded Packings 


MALCOLM H. EVERETT HOWARD G. GILLETTE 


Application Engineer Chief Chemist 
Precision Rubber Products Corp., Dayton, Ohio 





pe gregh molded packings are 
made in a variety of sizes and shapes, 
Table 1, but nearly all of them offer 


these advantages: oscillating and rotating motion. Re- 
quires approximately 10 per cent 
1. Low initial cost squeeze, except in floating applications. 
We ‘ 5 Pressure of 1500 psi is usual maximum 
2. Adaptability to limited space. capability with normal clearances. 
> 


Ease of installation. 

High efficiency. 

No need for adjustment. 
Tolerance to wide ranges of pres- 
sure, temperature and fluids. 


7. Sealing in both directions. D-ring 
8. Relatively low friction. D-shaped ring makes good rod seal for 
2 reciprocating motion. Performs equally 
‘ . well in hydraulic or pneumatic applica- 
Like the safety pin, the squeeze-type tions. Not susceptible to spiral failures, 
but requires two back-up rings. Back-up 
4) lik ; f rer rings eliminate tendency to extrude into T-ring 
ment. Also like the safety in, a device clearance at high pressures. Operates 
: . . P . under slight amount of squeeze. T-shaped se is not susceptible to 
so simple, that fulfills its function so spiral failures. Low squeeze force, 
. about 5 per cent, reduces friction. Used 
well, raises the question of why they as rod or piston seal for reciprocating 
wen" —s . > motion, can be used for oscillating mo- 
won n't deve loped before. tion under low pressures. Requires two 
There are two reasons why these seals back-up rings to prevent extrusion, good 
= ° for pressures up to 20,000 psi. Can be 
were not used extensively until recently: used with shaft clearance as high as 
1. Lack of suitable synthetic rubbers, 2. 0.050 in. 


Inadequate precision molding techniques. 
Squeeze-type packings are generally 
fitted to a rectangular groove machined 


packings are a relatively recent develop- 





: ; ‘ Delta-ring 

in a hydraulic or pneumatic mechanism. Triangle-shaped ring. Solves twisting 

Other groove configurations are used to problem of O-ring, but since friction is 
greater, expected life is relatively short 


a limited extent, Table 2. Nomenclature Has limited applications 
of the dimensions for a squeeze-packing 
seal groove are reversed, as far as ordi- 
nary grooves are concerned, Fig. 1; the X-ring 
width of the groove is called the length, Square-shaped ring with four pounded 
: ' : lobes. Can be used in conventional O- 
and the depth is called the width. ring grooves for reciprocating. potating. 
Ss , , ri . t oC , and oscillating motion. Similar to O-ring 
ince the O-ring is the most commonly se ccdnseunting ond counting eggien- 
used form of squeeze-type packing, and tion except, it is not susceptible to spiral! 
ts applicati is simile h mes failures and fills groove more than O- 
its application is similar to other types, ring. Superior to O-ring in most rotat- 
this chapter will be devoted mainly to O-ring ing applications due to lower squeeze— 
| : . . O-ring is most common form of squeeze 1 per cent in some cases. Have less 
design considerations for O-rings. packing. Seals in both directions. Has side-to-side movement in groove than O- 
low initial cost. Used for reciprocating. ring, less breakaway friction. 














How They Work 


O-ring seals work under the principle 
of controlled deformation. Some slight 
deformation is given the elastic O-ring 
in the form of diametral squeeze when 
it is installed, Fig. 2. Actually, pressure 
from the confined fluid produces the de- 
formation which causes the elastic O-ring 


Fig. 1—Commonly used def- 

to seal. Width (equals inition of squeeze-packing 
There are ti men of eations groove depth  sroove dimensions. Width 
ern, we oe eee of the groove is its depth 

for dynamic O-rings: + clearance) plus clearance between shaft 
and housing. Length of 


l. Reciprocating, wherein the sealing ac- " f 
tion is that of a piston ring or a seal a is distance between 
walls. 





around a piston rod. 

2. Oscillating, where the seal rotates 
back and forth through a limited num- 
ber of degrees or several complete turns. 
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Rectangular 


Rectangular configuration is the most 
common for dynamic applications. In 
rectangular grooves, sides slope out- 
ward not more than 5 deg, and out- 
side corners are broken to about 
0.005 in. radius. Inside corners are 
rounded to a small radius which 
varies somewhat with O-ring width. 


a 





Vee grooves are recommended for 
low-temperature applications, where 
they increase the squeeze. High fric- 
tion is a drawback of this design. 


ea) 
| 


Undercut 


Undercut or dovetail grooves are used 
in slow-speed reciprocating applica- 
tions. where they reduce tendency for 
extrusion and reduce friction. A de- 
terrent to their use is high cost of 
manufacture. 











This may be combined with very short 
reciprocating strokes. The main differ- 
ence between oscillation and rotation is 
the amount of motion involved. 

3. Rotating, where a shaft turns inside 
the ID of the O-ring. 

Grooves for reciprocating motion are 
usually about twice as wide as the diam- 
eter of the O-ring cross section. The 
O-ring seals, in this case, by rolling and 
sliding to the side of the groove away 
from the pressure. When the pressure 
force reverses, the ring rolls and slides to 
the other side of the groove. Sealing of 
the moving surface is due to a squeegee- 
ing action. 

Sealing of rotary movements is accom- 
plished in much the same manner, but 
the forces acting on the ring must be 
handled differently. 

Certain rubbers exhibit a phenomena 
known as the “Joule effect,” wherein the 
rubber, when heated under a tensional 
load, contracts. This contraction increases 
the tensional load, the tendency to con- 
tract increases, and so on. Therefore, 
since rotating motion will cause a tem- 
perature increase in the O-ring material, 
the O-ring must be mounted so that it 
is in compression. 

Sometimes O-rings are stretched over 
grooves in shafts, in rotating applications, 
and the walls of the cylinder deform 
the O-ring. The walls of the cylinder 
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Amount of squeeze. 
Amount of stretch. 


action of fluids, etc. 


ton and cylinder. 


Poorly installed O-rings. 





Conditions which affect operation of O-ring seals 


Concentricity of the piston and cylinder. 
Manufacturing tolerances of the O-ring, cylinder and piston. 
Effects on tolerances caused by temperature, seal swell, chemical 


Side load on piston and the clearance dimensions between pis- 


Deflections of the piston and cylinder under load. 
Pressure differentials (extended versus compressed). 
Durometer hardness of the ring in relation to stretch. 
Shape and design of the groove. 

















Diametral 
Squeeze 








Under Pressure 


Fig. 2—O-rings are fitted into rectangular grooves in hydraulic mecha- 
nisms, and seal by being forced, by pressure, into crevices. 


must deform the O-ring and also press 
it into the groove. The solution is sim- 
ple—make the diameter of the bottom of 
the groove less than ID of the O-ring, so 
that the shaft turns inside the ring. More 
often however, the groove is cut into the 
housing, and the shaft OD is chosen less 
than the ID of the O-ring. The groove 
forces the ring down on the shaft. This 
method gives longer O-ring life and better 
service. 


When to Use 


Squeeze-type packings are so economical 
and easy to install that the decision to 
use them as opposed to another type of 
seal or packing is based on one premise. 
Use them where conditions permit. 

Here are some of the conditions where 
they are not successful: 


1. Extremely dirty environment, or 
when a lubricant carries abrasive dirt 
particles. Since these rings seal by con- 
tact, life is reduced by abrasive conditions. 

2. Sparse and intermittent lubrication 
also reduces ring life. 

3. High rotating shaft speeds. 

One of the ideal applications of an 
O-ring is as a piston seal in a hydraulic 
actuating cylinder. Another common ap- 
plication uses the O-ring as a valve seat, 
or as a valve stem packing. 


Reciprocating Designs 


Design of a mechanism using O-ring 
seals involves the balancing of several 
divergent requirements. Groove length 
and diametral squeeze permit the O-ring 
to roll back and forth in the groove 
with each reciprocation of the piston or 
rod. The wear of the O-ring will be 
distributed over about 100 per cent of 
the cross section. Increasing the squeeze 
will generally contribute to better low- 
temperature sealing. However, increased 
squeeze may result in greater assembly 
problems. Also, shorter sealing life due 
to the scuffing and rolling of the O-ring 
while in motion, and greater friction will 
be caused by increasing the squeeze. 

When the groove and clearances are 
designed so that the proper amount of 
freedom is present, life of the seal is 
about double what it would be if no 
rolling were allowed. Rod seals or single- 
acting pistons, where the pressure is from 
only one direction, do not tend to roll 
as much as double-acting piston seals. 

Normally, groove length is approxi- 
mately 50 per cent more than the O-ring 
cross section. The O-ring groove should 
be designed to accommodate a_ possible 
swell of 15 per cent of the rubber when 
exposed to the fluid. 

Dynamic O-ring applications should al- 
low a maximum leakage of a few drops 
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per 1000 strokes. The amount of leak- 
age, of course, depends upon the fluid 
film viscosity. Rapid stroking or severe 
surge pressures may cause excessive leak- 
age due to the O-ring acting as a pump 
each time it rolls. It may tend to pass 
a trace of fluid to the low-pressure side 
of the seal with each roll. This can 
be overcome by using harder rubber com- 
pounds 

Leakage due to rolling of the ring 
can be reduced by roughing the groove 
surface or by reducing the width of the 
groove to cut down on the amount of 
area in which the ring can roll. Both 
f these modifications cause excessive fric- 
tion on the ring and can shorten its 
life by scuffing or rubbing of the ring 


surtace 


Groove Design: There are two types 
f recommended groove designs for O- 
rings. One is the recommended designs 
for military aircraft covered by the latest 
Specification MIL-R-5514D (see Appen- 
dix) The second is the industrial ap 
plications, which are primarily based on 
the first issue of Military Specification 
MIL-R-5514 = (see 
which is applied to the inside 


Appendix). O-ring 
stretch, 
diameter of the O-ring, is from 0 to 
»pproximately 2 per cent for the military 
design and from | to 5 per cent on 
ommercial applications. Where service 
requirements are severe, or where extreme 
ly long life is the most important con 
sideration, use 0 to 2 per cent stretch. 

The minimum squeezes shown in the 
include all 


' 
tables were calculatec to 


factors of tolerances, clearances, eccen 


tricities, side loads, volume change in 
fluids, and contraction of the rubber at 
ow temperature. Decreasing the O-ring 


cross-sectional squeeze will slightly _re- 
luce both breakout and running friction 
nder low pressures (below 500 psi). How- 
ver, the reduction in friction will be 
cancelled out if high pressures are used 
against the O-ring, since it is compressed 
into one end of the groove. 

The diametrical squeeze recommended 
for the section is approxi- 
The length of the 


groove is 50 per cent greater than the 


()-ring cross 


mately 10 per cent 


Q-ring cross section to allow for volumet 


ric increases which might result from 


exposure to various types of fluids. 

Under zero pressure conditions, the flat 
sealing surface caused by the diametrical 
squeeze is equal to 40 to 45 per cent 
of the original cross section of the O-ring. 
As the pressure is increased, the circular 
cross section of the O-ring distorts to 
an O-shape against one wall of the groove, 
Fig. 2. This increases the contact sur- 
face area to 70 to 80 per cent of the 
initial cross section. The contact surface 
area varies with pressure and with the 
degree of Shore Hardness, modulus of 
elasticity and other physical properties 
of the O-ring compound. 

Rectangular grooves, or rectangular 
grooves with sloping sides, are always pre- 
ferred. To ease machining problems, a 
5 deg sloping side may be used. Con- 
figurations such as a V-groove, a circular 
groove, or other odd shapes lead to short 
O-ring service life. Due to the severe 
stresses and strains put on certain areas 
of the cross section, there is a complete 
breakdown of the rubber structure, a loss 
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Fig. 3—Provide a good entering chamfer for O-ring installations. 


of resilience and a loss of compression 
modulus accompanied by severe compres- 
sion set and abnormal distortion. A 
rectangular groove generates stresses even- 
ly throughout the O-ring cross section. 


Groove Location: When an O-ring, or 
any packing, which is under squeeze, 
crosses over a port or hole, it will re- 
treat into this unconfined area. Then 
it can be cut or torn by a sharp edge 
or by pinching, Fig. 3. 

The safest procedure is to design so 
that the O-ring will not be required 
to pass over discontinuities during its 
movement. However, if this is not pos- 
sible, chamfer sharp edges and bevel the 
edges of all bores, ports and cross holes, 
Fig. 4. 

Groove location should also be con- 
sidered in connection with assembly re- 
quirements. Any area over or through 
which the O-ring must pass, where there 
is the possibility of cutting or pinching 
while being installed, should be designed 
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the corner is not enough, because the ring may become pinched or cut. 
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Fig. 4—These designs avoid initial cutting of O-rings during assembly where it is necessary to pass over a port. 
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so that a clearance is allowed even when 
both the O-ring and the metal parts 
are at extreme adverse tolerances. 


Groove Finish: Longer seal life can be 
obtained by adhering to recommended 
surface finishes for the glands and the 
diameter which the O-ring must 
pass during movement. For military air- 
craft applications, these are: 


over 


1. Diameter over which packing must 
slide—16 microinch max. 

2. Groove root diameter—32 microinch 
max. 

3. O-ring groove sides, when no back- 
up ring is used—32 microinch max. 

4. O-ring groove sides, when backup 
rings are used—62 microinch max. 

For commercial applications, surface 
finishes may be designed as follows: 

1. Diameter over which O-ring must 
slide—16 microinch max. 

2. O-ring groove root diameter—64 to 
125 microinch. 

3. O-ring groove sides (with or without 
backup rings)—64 to 125 microinch. 


Codirectional markings, produced by 
honing, are the best surface finish for 
any type of flexible seal. This finish 
allows maximum lubrication to remain 
in the valleys, yet produces minimum 
snubbing action to motion. Honed and 
hardened steel that has been hard nickel- 
polished is the best. Hard-chrome plat- 
ing is good, but will introduce consider- 
ably more friction. Do not use orna- 
mental nickel or soft-chrome plating. 

Cylinder walls can be burnished and 
sized in one operation by forcing se- 
lected size Carboloy balls through a bore. 
The burnished, finished bore is excellent 
for O-ring applications. This eliminates 
honing, is much cheaper, and produces 
a bore exactly to size and perfectly round. 

Aluminum alloy, bronze, brass, monel, 
and soft stainless steel cylinders are not 
recommended for long life. due to their 
low abrasion resistance. At low pressures, 
these alloys may be satisfactory for some 
applications. 

A radius should be placed on all groove 
bottoms that is consistent with the O-ring 
cross-sectional diameter. This is done to 
prevent unnecessary stresses or strains. 


Clearance: O-rings in _ reciprocating 
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cylinders move away from the actuating 
pressures. If clearances between the pis- 
ton and the walls of the cylinder are 
too large, Fig. 5, the O-ring will extrude 
into the clearance. Pieces of the ring 
will be cut off or nibbled away as the 
O-ring turns inside the groove and the 
extruded section is pinched. A wear 
groove is formed in those areas of the 
ring where the maximum stress occurs. 
When the pressure is released, the O-ring 
returns to its original oval section and 
rolls to the other side of the groove. The 
extruded section will appear as a cut on 
the surface of the ring. This cut gradual- 
ly increases until finally a piece, frayed 
and torn, comes off completely. 

The extent of extrusion depends upon: 
1. The clearance, 2. The fluid pressure, 
3. The durometer hardness and other 
physical properties of the O-ring com- 
pound being used. Clearances should be 
held as close as production methods will 
permit, Table 3, when differential co- 
efficients of expansion of the metals are 
considered. 

Use a rubber hardness of 70 durometer 
for pressures to 1500 psi, 80 durometer 
up to 2500 psi, and 90 durometer for 
higher pressures. 

In cases where it is impossible to reduce 
the clearance or pressure when they are 
higher than those recommended, anti- 
extrusion backup rings may be used, 
Fig. 6. The antiextrusion or backup ring 
is placed in the gland in the position 
farthest away from the point of pres- 
sure. In some cases, where pressures may 
be applied from two directions or under 
special circumstances in units containing 
one direction of pressure, two backup 
rings may be used. 

The width of the groove must be re- 
duced to prevent the backup rings from 
rolling and, therefore, becoming ineffec- 
tive as a nonextrusion device. Angles in 
excess of 5 deg on a side of the groove 
will produce the same results. Difficul- 
ties may be encountered from a groove 
which is too narrow. Narrow grooves 
may cause both high breakout friction 
and high running friction, and also cause 
extreme difficulty in installation. 


Lubrication: Proper lubrication of the 
O-ring during installation in any type 
of dynamic application is absolutely es- 


Clearance 


Po we 


“t 


Fig. 5—With excessive clearance, O-rings 
extrude into clearance gap away from the 
pressure. 








Leather back-up 
rings 
Fig. 6—Antiextrusion back-up rings are 
used to eliminate large clearances. These 
may be metal, plastic, or leather. Back- 
- 2 rings raise the O-ring pressure poten- 
tial. 


sential for good service life. Before as- 
sembly, the rings, grooves and all sur- 
faces over which the O-ring must slide 
should be lubricated with the hydraulic 
fluid in which it will operate. 

If the O-ring operates in a hydraulic 
fluid of good lubricating value, the fluid 
will provide sufficient lubrication. When 
operated in a pneumatic system, some 
other means of lubrication must be used, 
such as greases or felt wicks. 

For industrial applications, use barium 
or lithium-base soap greases because of 
their tough film strength. For military 
applications use special silicone grease 
per MIL-G-4343. 

High pressure pneumatic systems, op- 
erating above 1000 psi and at high tem- 
peratures, may require special types of 
silicone lubricants. Silicone lubricants are 
also sometimes used in special installa- 
tions where a permanent-type lubricant is 
considered necessary. 

The alternative system uses felt rings. 
The felt wiper rings are installed in 
separate grooves on both sides of the 
O-ring. The felt should be saturated 
with a good grade of lubricating oil. 
Thereafter, oil must be regularly provided 
to the system. 


Dirt: Any dirt, grit, metal chips, sand, 
dust or foreign matter should be kept 
out of the hydraulic system. Oil should 
be kept clean by the use of filters, periodic 
changes of the oil, and periodic flush- 
ing of the system. All units should be 
thoroughly cleaned before assembly to 
eliminate metal chips, sand, dust and 
other foreign matter. 

Piston rods should be protected to pre- 
vent dirt and foreign matter from getting 
into the system. Special rod scrapers 
with leather or bonded synthetic rubber 
wipers in metal cases, may be effectively 
used to prevent the entrance of abrasive 
materials. Metal scrapers such as the 
AN-6231 series phosphor bronze rings may 
also be effective. Synthetic rubber or 
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Surface cracks on the O-ring. 
Improper cure of the O-ring. 


Score marks on piston. 
Side loading. 


Less O-ring squeeze. 


Reducing O-ring squeeze. 





Conditions which can induce spiral failures 


Large groove length versus cross-section diameter. 


Nibbling of the O-ring (due to either breathing or extrusion). 
Sharp edges on cupped and hardened leather backup rings. 
Sharp edges on groove corners. 

Stretch aging due to ambient temperatures in the load. 


Proven [actors for correcting spiral failures 


Improved lubrication of the O-ring before assembly. 
Improved assembly technique. 

Small -diameter pistons and extended higher air pressure. 
Greater control of clearances and concentricity. 


Use of a modified O-ring design such as a D-ring or delta ring. 


Other factors which may help prevent spiral failures 


Larger angling of the grooves, from 15 to 45 deg. These angles 
are very hard on the ring as they increase wear and abuse. 


Chamfering or placing a radius on groove edges. 








leather boots also are used to prevent 
dirt from entering a system. 


Rod Seals: Many rod seal O-ring in- 
stallations have failed, even when the 
proper engineering recommendations have 
been used. These types of failure are 
extrusion nibbling, caused by clearance 
changes at one or more portions of the 
ring, and spiral failure, caused by the 
twisting and turning of the seal during 
the back and forth motion of the piston. 
Extrusion nibbling can be prevented by 
the use of backup rings. 

Spiral failures are apparently brought 
about by conditions which allow certain 
segments of the ring to slide and others 
to roll during the same stroke of the 
piston. This is caused by differential 
friction forces on the various segments 
of the O-ring. The friction force is a 
function of the normal load, coefficient 
of friction, and area. Any condition in 
a seal installation that affects the work- 
ing balance of either of the variables 
results in spiral failure. 

The exact dynamic behavior of a rod 
seal under various conditions of stroke, 
speed, squeeze, side load, etc. is not 
known. It is reasonably certain that the 
O-ring slides and rolls. It slides under 
high pressure when the ring is inten- 
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tionally deformed and rolls when the ring 
is under low pressure. Friction condi- 
tions gear the ring to the piston, but 
do not restrict it in the groove. 

In piston-rod applications, place the O- 
ring groove on the rod instead of in the 
housing. A rod groove is easier to ma- 
chine, and the O-ring is easier to install. 
On industrial applications, the groove 
diameter is different for rod seals than 
for piston seals, whereas in military ap- 
plications, the groove diameter is the 
same for both. 


Oscillating Shaft Seals 


O-rings are excellent for seals around 
oscillating shafts, such as valve stems. In 
general, groove dimensions and other de- 
sign data are the same as for reciprocat- 
ing-shaft seals. 

O-rings with a durometer hardness of 
80 to 90 Shore A should be used. The 
harder rings prevent O-ring chatter and 
smoother turning is obtained. In cases 
where friction might be particularly acute, 
a compound impregnated with graphite 
or molybdenum disulfide may be used. 
However, these impregnated compounds 
should be used with caution. Graphite- 
impregnated O-rings may not be satisfac- 
tory for use with some types of stainless 


irons, because pitting due to electrolysis 
may result. 

The O-ring has passed some remark- 
able tests on valve stems in faucet ap- 
plications. Here the finishes and toler- 
ances may be relaxed, as there is no need 
for the exactness that is required in high- 
pressure hydraulic applications. 


Rotating-Shaft Seals 


O-rings may be used for rotating-shaft 
seals only under certain special design 
conditions. Maximum shaft speeds are 
in the range of about 600 fpm. Especial- 
ly important is good lubrication and cool- 
ing to dissipate the heat from the contact 
face. Groove dimensions for rotary-seal 
applications are given in the Appendix. 
X-ring seals are slightly better in this 
application, and can withstand speeds up 
to 900 fpm. 

When an O-ring is used in the usual 
way, by stretching slightly around the 
shaft, the friction of the rubber against 
the rotating shaft generates heat which 
causes the rubber to contract. In turn, 
this causes a higher unit loading of the 
rubber against the shaft. The cycle of 
friction, heat and contraction of the ring 
is repeated until rapid failure of the 
seal occurs. 

If the ring has peripheral tensile 
stresses due to being stretched over the 
shaft, failure will occur in a few minutes 
at shaft speeds above 200 fpm. Hydraulic 
or air pressure in the system causes higher 
unit loading of seals and will also cause 
premature failures. Slower shaft speeds 
are necessary in higher pressure systems. 
The amount of tensile stress allowable de- 
pends upon the contact area, pressure, 
unit loading, surface finish of the shaft 
and other factors not yet evaluated. 

Rotating-shaft seals must be installed 
so that the O-ring has about 5 per cent 
peripheral compression. The inside diam- 
eter of the sealing ring must be larger 
than the outside diameter of the shaft 
which it seals. The width of the groove 
must be designed so that it is equal to 
the minimum cross section of the O-ring. 
The length of the groove must be equal 
to 10 per cent more than the maximum 
O-ring cross section. 

O-rings installed under these conditions 
do not have a continuing heat build-up 
after the initial few minutes of operation. 
Instead, the temperature curve levels off 
after a moderate rise. 

Rotating-shaft seals should be limited 
to shafts having rotational speeds as 
follows: 

Shaft diam 4 through 

9/32 in. 
Shaft diam % through 

SEE ES. vcagcumcaneccss 450 fpm 
Shaft diam % through 

Fae Wk nasusoudddetey 4 600 fpm 


Valve Seats 


O-rings are particularly suited for use 
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O-ring 
Cross Section 


(in.) 


0.040 +0.003 
0.050 +0.003 
0.060 +0.003 
0.070 +0.003 
0.103 +0.003 
0.139 +0.004 
0.210 +0.005 
0.275 +0.006 





10—MOLDED PACKINGS 


SSeS | 














7 
— # 





Fig. 7—Blowout of O-ring used as a valve seat. 


two faces becomes larger. 


as valve seats. They absorb shock loads, 
and are soft enough to seal at all pres- 
sures, even when dirt and grit are pres- 
ent in the They are ideal for 
check valves where the fluid pressure 
helps to make the seal. High-pressure 
check valves can maintain 20,000 psi 
for weeks. Properly applied, they can be 
used on relief and angle-valve seats for 
all pressures. 

One of the design problems with O- 
ring valve prevent the ring 
from blowing out of the groove. This 
will happen with a square or rectangular 
high-pressure differential 
exists across the valve seat at the moment 


system. 


seats is to 


groove, if a 


of opening, Fig. 7. 
cases, blowout occurs if the 
than 100 


extru- 


In most 
differential 
psi. Since blowout 
sion, it helps to use harder compounds 
than can withstand higher pressures be- 
fore elongating. One way of preventing 
blowout is by use of a dovetail groove 
design. Use the dimensions shown in 
ihe Appendix for this design. Other 
methods of preventing blowout are to 
mechanically spin metal around the O- 
ring and secure it in the groove, or, vul- 
canize bond the synthetic rubber 
into the valve-seat groove. Fig. 8 shows 


pressure is more 


is similar to 


and 


\ 
\ 


Pressure 


\ 
Pressure 





Pressure 


As the valve opens, the space between the 


The pressure acts on the O-ring. The ring continues to seal the 
opening until it is completely stretched out of the groove. 


three common designs which are used to 
prevent blowout. By venting the groove, 
pressure cannot build up underneath the 
O-ring, and it remains in its seat. 


Pneumatic Seals 


grooves and the 
grooves are recom- 
applications. In 


Industrial hydraulic 
military hydraulic 
mended for pneumatic 
the average pneumatic application, pres- 
sures are relatively low. As a _ result, 
long life can generally be obtained. In- 
stallations can be made with rougher 
surface finishes and greater tolerances 
than are recommended for high-pressure 
hydraulic applications. 


Vacuum Seals 


On dynamic-seal vacuum applications, 
it is sometimes advisable to use two O- 
rings in separate grooves on pistons or 
piston rods to maintain close to perfect 
vacuum. For moving seals of this type, 
it:is recommended that narrower grooves 


be used, Table 4. 


Floating O-rings 


A floating O-ring is where the 


sealing is accomplished without the use 


one 








O-ring 


Pressure 





O-ring 


Fig. 8—Common valve seat designs used to prevent O-ring blow-out. 
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of diametral squeeze. The ring seeks the 
path of least resistance and plugs the 
opening opposite from the direction of 
pressure. It is called a floating O-ring 
since the ring does not rest against the 
bottom of the groove, Fig. 9. 

This design gives longer O-ring life 
and lower breakout friction in air service. 
It can be used for fluid service where 
passage of a few drops per cycle can be 
tolerated. 

Ring OD is larger than the ID of the 
bore of the cylinder. This causes periph- 
eral compression which accomplishes the 
same thing that cross-sectional squeeze 
does in conventional groove designs. Tol- 
erances on bore diameter, gland width, 
piston-rod diameter and groove diameter 
can be relaxed. Required groove length 
is much less, but it must be held to 
+0.003 in. 


Friction 

There are two kinds of friction present 
with any.stype of packing: Running fric- 
tion, which in the case of O-rings, is 
no greater than other types of packings 
and in many cases may be less, and 
breakout friction, which is described as 
the force required to start the motion. 
Breakout friction is important only when 
considering such critical applications as 
single-acting cylinders, which must re- 
turn of their own weight, boost-control 
cylinders and certain solenoid valves. 

In most applications, O-ring friction is 
not a major design factor. Breakout fric- 
tion is probably caused by the synthetic 
rubber flowing into the very minute 
grooves and scratches in the metal sur- 
face. Therefore, a high initial shearing 
force is needed to start the motion. Fric- 
tion will become progressively less in serv- 
ice, due to the polishing action of the 
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O-ring, providing no grit is present in 
the system that might cause roughening 
of the metal finish. The rougher the 
surface finish of the metal, the greater 
the friction and the greater the wear, 
Fig. 10, 

Chemical treatment of the metal sur- 
face may tend to reduce O-ring friction 
slightly. To date, however, no such 
chemical treatment can be regarded as 
a substitute for proper initial metal finish 
produced by mechanical means. 

Other considerations regarding O-ring 


friction are: 


Size: Friction increases as the surface 
area rubbing against the metal parts in- 
creases. Therefore, the friction becomes 
greater as the cross section of the O-ring 
is increased. Friction increases also with 
the use of O-rings with a larger circum- 
ference. Standard O-ring sizes are an at- 
tempt to balance all factors such as fric- 
tion, wear, life, design compactness, etc., 
to give maximum service. In cases where 
friction is not too important, O-rings with 
cross sections larger than standard will 
give longer life, better sealing, and better 
resistance to extrusion. 


Fluid Pressure: O-ring friction increases 
with the fluid pressure up to the maxi- 
mum distortion pressure of the O-ring. 
This is the pressure at which an O-ring 
of given hardness, tensile strength, elonga- 
tion and modulus attains maximum dis- 
tortion. A 70 Shore A durometer O-ring 
reaches its maximum distortion pressure 
1200 psi. This is sev- 
eral hundred pounds below the extrusion 


at approximately 


pressure using recommended clearances. 


O-Ring Hardness: Running and break- 
increase with the O-ring 
pressures a 90 du- 


out frictions 
hardness At low 
rometer compound has about twice the 
breakout friction of a 70 durometer com- 
pound; likewise a 70 durometer compound 
has about twice the friction of a 50 


durometer compound. Generally, a 70 


durometer ¢ ym pounc is used because it 


O-ring 
Cross Section 
(in.) 


0.040 + 0.003 
0.050 +0.003 
0.060 40.003 
0.070 +0.003 
0.1038 +0.003 


0.139 ~0.004 


+ 0.005 





has optimum properties for medium pres- 
sure work. 


O-Ring Squeeze: As the diametral 
squeeze increases, both the running and 
breakout friction increase. 


Fig. 9 — Floating O-ring 
groove design. In a float- 
ing design, the groove diam- 
eter is less than the ID of 
the O-ring. 


A=Bore diameter 
8 =Piston groove diameter 


Maximum Friction Curves For 
Use For Design Estimotions Only 
Breakout Friction 

Rumng Friction ——_— 


b) 


Friction Force (L 





mg finish 
— 


Time Delay: Time delay between strokes 
is an important factor affecting breakout 
friction. For a 2 second delay, the break- 
out friction is no more than running 
friction; after | minute, it may be twice 
the running friction, and thereafter it 
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Friction Surface (Sq in) 


Fig. 10—Maximum friction curves for reciprocating O-ring seals. 


Friction surface 


of O-ring is calculated by multiplying the circumference which rubs against the metal 


surface by the cross-sectional diameter of the O-ring. 


If it is desired to solve for 


friction surfaces larger than 1.2 sq in., read the friction for 1.0 sq in. and multiply. 


Groove Button 
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DESIGN DATA 


rises with a decreasing logarithmetic curve 
until equilibrium is reached. There is 
usually no large change after one hour. 
Time delay does not affect the running 
friction unless the fluid evaporates and 


becomes tacky 


Temperature: O-ring friction increases 
with decreases in temperature because the 
Synthetic rubber 


behave like very 


compound gets harder. 
comp munds viscous 
fluids. Special low-temperature compound 
ing may be used to flatten their low- 
temperature viscosity curves so that they 
may be used in low-temperature aircraft 
applications. This is done at some sacri- 
fice of wear resistance and high-tempera 


ture resistance 


Lubrication: O-ring friction seems to be 
very little affected by lubrication, provid 
ing that the fluid has fair lubricating 
qualities. .Do not operate dynamic seals 


dry 


Fuel Systems 


Dynamic O-ring seals are sometimes 
required for industrial and aircraft fuel 
systems. In these cases, the O-ring cross- 
sectional diameter is the same as is 
shown for the industrial and military 
groove designs. However, the width of 
the groove is considerably increased. Rec 
ommended groove designs for these types 


of applications are shown in Table 5. 


O-Ring Materials 


Choice of an O-ring compound depends 
upon the entire operating conditions of 
an application. Consider things such as 
temperature extremes, type of fluid, 
whether it is dynamic or static, pressures 
encountered, and whether theré are pul 
Sating or Static pressures. 

The conventional synthetic rubber ma- 
terials or compounds, Buna N, Buna S, 
Natural Rubber, 


have molding characteristics which are 


Neoprene, Butyl and 


nearly enough alike that these can be 
molded to size in the same tooling. How 
ever, the more recently developed syn- 
thetic rubber, along with most of the 
silicone materials, have been found to 
exceed the shrinkage on the standard 
synthetics from 3 to 5 per cent. In these 
cases, when these materials are molded 
in standard tooling, they will produce 
O-rings with dimensions 3 to 5 per cent 
smaller than those shown for the stand- 
ard sizes. The high-shrink materials are 
the silicones, vitons, fluorinated silicones 
and polyacrylates. Some silicones are low 


shrink and can be molded in standard 


tooling and produce conventional O-rings 
with standard dimensions and tolerances. 
Relative resistance of different rubbers 
to the effect of common fluids is shown 
in Table 6. Here are characteristics of a 
few of the common O-ring materials: 


Acrylonitrile-Butadiene Copolymers: 
Sometimes called Buna N. Low-tempera- 
ture flexibility and resistance to petro- 
leum base fuels and oils depend primar- 
ily upon the amount of the acrylonitrile 
content. The lower the percentage of 
acrylonitrile, the greater the low-tempera- 
ture flexibility. The higher the acryloni- 
trile content, the greater is the resistance 
and the lower is the swell obtained when 
exposed to fuels and oils. A range of 
from 18 per cent to slightly less than SO 
per cent acrylonitrile may be obtained 
from the commercially available mate- 
rials today. 


Chloroprene polymers-Neoprenes: Com- 
pounds manufactured from this elastomer 
show excellent resistance to ozone, oxy- 
gen, sunlight and weather aging. They 
also have fair resistance to the petroleum- 
base oils. Medium to high swelling is 
obtained when exposed to these fluids. 


Butadiene-Styrene Copolymer: Some- 
times called GR-S, now known as SBR. 
This type of material more closely ap- 
proaches the performance characteristics 
of natural rubber than does any of the 
other synthetics. Its physical properties 
such as tensile strength and elongation 
do not match up to those obtained with 
natural rubber compounds, but it is 
slightly better in regard to weather aging, 
natural aging, and its resistance to at- 
tack from vegetable or animal oils. This 
type of material cannot be used in pe- 
troleum-base products, but has found ex- 
brake-fluid 


tensive use in automotive 


service. 


Butyl Rubber: This is a copolymer of 
iso-butylene and iso-prene. This type of 
material has excellent resistance to ozone, 
oxidation and permeability by gases. Per- 
meability to gases accounts for its wide 
spread use in automobile inner tubes. It 
is also resistant to mild acids, vegetable 
oils and phosphate-ester type hydraulic 
fluids. It is capable of operating over a 
temperature range of —80 to +250F. 

Polyacrylate-Acrylic Acid Ester Poly- 
mers: Compounds made from these ma- 
terials show unusual resistance to hot 
oils as high as 350F. It shows excellent 
resistance to oxidation, ozone and other 


weathering elements. They are gener- 


ally suitable to operate over a tempera- 
ture range of —20 to +350F. Com- 
pounds made from these materials are 
also noted for generally poor compres- 
sion set resistance. 


Polysulfide Polymer: These materials 
have shown excellent resistance to aro- 
matic solvents and petroleur: base fuels 
and oils. They show excellent resistance 
to ozone and oxygen. They are not noted 
for high original physical properties. 
These materials are capable of operating 
over a temperature range of ~—65 to 


+225 F. 


Silicone Polymers: These materials 
were designed to accommodate both the 
low extremes and the high extremes in 
temperature resistance. Some are capable 
of sealing as low as —130F or lower 
and as high as 500 F. O-rings made from 
these materials are not generally recom- 
mended for use in dynamic applications, 
nor are they recommended for use in 
most petroleum-base products. They are 
satisfactory in high-aniline oils. They 
show excellent resistance to high-tempera- 
ture air, low-temperature air, ozone oxy- 
gen, oxygen, weathering and natural 
aging. 

Fluorosilicone Polymers: These are new 
oil and fuel resistant silicone rubbers. 
The fluorosilicones have much greater 
resistance to wide variety of petroleum- 
base fuels and lubricants, synthetic lubri- 
cants of the ester types, and a large num- 
ber of hydrocarbons. These are capable 
of operating over a temperature range of 

100 to +350 F. 


Hexafluoropropylene and _  Vinylidene 
Fluoride Copolymers: These materials 
show excellent resistance to a great num- 
ber of fluids and chemicals. They are 
capable of giving excellent service up 
to 450F and limited service up to 600 
F. Low temperature limits are —40 F. 


Size Code 


A uniform size numbering system has 
been instituted by the SAE _ bulletin 
ARP 568. This has been accepted for all 
new drawings by the various O-ring 
panels and by the military services. This 
system lends itself very well to the as- 
signment of part numbers for individual 
customer specifications so that only one 
number need be assigned for a given size, 
regardless of who the supplier of the 
O-ring might be. The standards given in 
the Appendix carry the uniform dash 
numbers. 
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Diaphragm Seals 





A DIAPHRAGM is a dividing mem- 
brane. It spans the gap between a 
moving and a stationary member to pre- 
vent interchange of a fluid or gas be- 
tween two separated areas or chambers. 

Diaphragms can be arbitrarily divided 
into three classifications: 1. Those which 
act solely as a separating membrane 
where no pressure differential exists be- 
tween the chambers. 2. Static diaphragms, 
which act as a separator between two 
fluids and are subject to little or no mo- 
tion. 3. Dynamic diaphragms, which act 
as sealing devices between stationary and 
moving members, and usually transmit a 
An example of the 
This 


pressure a nd 


force or pressure. 
first type is shown in Fig. 1. 
diaphragm 
low stress, since it merely acts as a sepa- 
rator between two fluid chambers. 
Diaphragms used as dynamic sealing 


experiences no 


membranes and force transmitters consti- 
tute the most often used group, and this 
chapter is devoted to them. Actually, this 
type of diaphragm functions in the same 
manner, as a sliding-contact packing, ex- 
cept for the absence of leakage, and there 
are diapnragm equivalents for all of the 


> 
> 


Fig. 1—Combination piston and dia- 
phragm pump. Diaphragm has no pres- 
sure drop across membrane, since both 
chambers are fluid filled. Can be used 
to pump abrasive or corrosive fluids, 
since these fluids have no contact with 
piston. 
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various types of sliding-contact packings. 

According to another arbitrary classifi- 
cation, diaphragms can be separated into 
two groups: Flat and rolling. Flat-type 
diaphragms are defined as those which 
have no convolutions, or convolutions 
which are less than 180 deg. Rolling 
diaphragms have a full 180-deg convolu- 
during translation, the dia- 
phragm rolls off of the wail of the cylin- 


tion, and 


der or piston onto the other cylinder or 
piston wall. 


Flat Diaphragms 


“Flat” diaphragms are not necessarily 
flat. Even when a diaphragm is made 
fluid 
pressure during its working cycle. Also, 
diaphragms which are made flat are dis- 
torted out of a single plane when there is 
relative movement of the diaphragm as- 
sembly. This distortion requires an elong- 
ation of the cord length of the fabric. 

Although flat diaphragms are generally 
made of a flexible, stretchable material, 
designs should avoid elongation of the 
diaphragm during its working stroke. 
This limitation is sometimes avoided by 
the use of one or more convolutions. 
These allow the diaphragm to flex rather 
than stretch. Diaphragms are usually 
fabric, impregnated with an 
elastomer. Most fabric and elastomer 
combinations can withstand flexing in- 
stretching can cause fa- 


flat, convolutions are formed by 


made of 


definitely, but 
tigue failures. 


Desien Considerations: The design of 
an application for a flat diaphragm should 
begin with consideration of several pre- 
cautions, Fig. 2. Then investigate these 
questions: 

1. How much stroke is required? 

2. What pressures are involved? 

3. Is effective area shift important? 

4. What is the nature of the fluid 

which will contact the diaphragm? 

5. Is available space a limiting factor? 

. What life expectancy is required? 


Stroke: Most heavy-duty flat diaphragm 
applications which require a long life 
have some sort of molded-in convolutions 
These convolutions allow the diaphragm 
to flex without stretching the fabric. 

As a general rule, travel available on 
convoluted diaphragms, Fig. 3, is ap- 
proximately twice height. 
Travel available on dished diaphragms, 
Fig. 4, is approximately twice the height 
of the dish. Effective area of a dished 
or convoluted diaphragm during opera- 
tion becomes more constant as the con- 
volution approaches a pure semicircle. 


convolution 


There are practical limits to just how 
large the dish or convolution can be. 
If convolutions are higher than the dia- 
phragm thickness, molding difficulty in- 
creases. Dished diaphragms are usually 
proportioned so that 4, in. of height is 
allowed for each inch of diameter. 

Small light-duty diaphragms in pumps 
and actuators are sometimes made per- 
fectly flat. In this case, stretching of the 
diaphragm material during operation is 
unavoidable. Generally, maximum avail- 
able stroke is considered to be 7 to 9 
per cent of the diaphragm diameter, al- 
though this figure depends on the flexi- 
bility of the material. 

Nylon fabric, impregnated with an 
elastomer has good resilience. But, exces- 
sive resilience can be detrimental, since 
the pressure reacting on the unsupported 
area will cause a pressure convolution. 
This may result in fabric creep, or ex- 
cessive elongation of the fibers, with sub- 
sequent reduction in the cross sectional 
area. A small amount of creep is accept- 
able, but excessive elongation may cause 
premature failure. 

Pressure: The amount of pressure a 
diaphragm can safely endure depends on 
the strength and resilience of the mate- 
rial, and on the design configuration 
used. Tensile strength of a diaphragm 
is more dependent on the fabric used in 
the membrane, than it is on the elas- 
tomer. 
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Keep free space wide enough 
for flexing, yet as narrow as 
possible with given stroke 


requirement. Wide spoce 
increases stress in moterial. 
- 
Keep diaphragm thin 
enough to prevent 
wrinkling. 











Incorporate mechanical stops 
limiting diaphragm movement 
to 90 per cent of mox. 
possibile stroke. 


When using molded diaphragms, 
attempt to keep bends outside 
working area 


Avoid sharp corners. 
Moke radius at least 
twice thickness, 
preferably more. 


Moke case deep enough, 
or diaphragm tight 

: enough, so that contact is 
avoided during cycle. 


Fig. 2—Design precautions for flat diaphragms. 


Tensile strength is also affected by the 
A resilient 
material, or a material with a low mod- 


resilience of the diaphragm. 


ulus of elasticity will elongate more with 
a given load. This elongation causes a 
reduction in cross-sectional area, which 
reduces the load-bearing ability. 
Pressure-bearing ability, or burst 
strength of a diaphragm is also affected 
by the amount of curvature in the dia 
phragm. Generally, those with more 
curvature can withstand higher pressures 


A full 


semicircular convolution with a 180-deg 


for the same material thickness. 


curve is the optimum shape. The partial 
convolution, which is pressure formed in 
flat diaphragms, is usually about 60 deg. 
Stress increase in the fabric for a partial 
convolution, compared to a 180-deg con 
volution, is 1.42 times that for a 90-deg 
convolution, and twice as much as for a 
60-deg convolution. Equations for cal 
culating fabric stress in a 180-deg con 
volution are given later in this chapter 

Area Shift: Effective pressure area of a 
flat diaphragm is more at the two ends 
of its stroke than it is at the middle. De- 
vices, such as some pressure regulators, 
rely on proportionate displacement and 
could not use a flat diaphragm 

The area of any fabric and elastomer 
diaphragm will only be held constant over 


its working stroke if the cross-sectional 


shape of the unsupported area of the dia- 
phragm has a true semicircular cross sec- 
tion at the bottom of the convolution, 
since the circular shape is the natural 
configuration for a pressure filled elastic 
membrane. 

The convolution formed in flat dia- 
phragms by pressure reaction is only part 
of a semicircle. As a consequence, the 
geometry of the cross section of the con- 
volution will shift from a part semi- 
circular configuration in its mean stroke 
position to a substantially straight-line 
configuration at either the top or the 
bottom of the stroke. These variations 
in the configuration of the unsupported 
wall cause substantial changes in the 
working effective area. 


Hysteresis: Flat diaphragms usually 
require a thicker membrane than rolling 
diaphragms, since stress levels are higher 
for a given pressure. Thicker membranes 
are less sensitive to small pressure changes, 


and hysteresis losses are greater. 


Design of Assemblies: Besides selecting 
a diaphragm type, thickness, diameter and 
material, a complete design involves the 
specification of associated parts. 

Diaphragms are attached to the hous- 
ings at the edges, while the center is 
usually held with plates. A push rod, at- 
tached to the center plates and guided 


Fig. 3—Convoluted flat diaphragm. Con- 
volutions increase allowable stroke per 
given diameter, but increase expense. 


Fig. 4—Dished diaphragm. Deep dish in- 
creases working stroke. Design of appli- 
cation is more difficult, due to danger 
of scuffing. 


by the housing, transfers motion to the 
diaphragm, or is moved by pressure be- 
hind the diaphragm. 


Center plates may be attached by ce- 
menting. This eliminates the center hole 
and simplifies sealing. But, cemented 
plates cannot accept high stresses. Bolted 
center plates are used where diaphragm 
replacement may be required. 


Springs are usually used in conjunction 
with diaphragms to provide a return, or to 
provide a reference force for pressure 
regulation. Usually, these springs ride 
on the center disc. 


Flange pressures on the clamped por- 
tion of the diaphragm must be sufficient 
to hold the diaphragm, and to effect a 
seal on the edges. Diaphragms can be 
compared to a gasket in this respect. 
See Chapter 12 for minimum flange-pres- 
sure requirements. 

For each diaphragm application there is 
a correct “squeeze” or precompression 
which will provide adequate sealing with- 
out undue distortion of shape. This value 
should be determined, by trial and error 
if necessary, and should be adhered to on 
all production units. 

By providing sealing ribs or beads on 
the clamping surface of the diaphragm, 
the bolt prestressing necessary to seal the 
flange will be minimized, since unit 
clamping pressure will be increased by 
reducing the effective clamping area. 
Serrated metal flanges should be used with 
caution, since they frequently cause failure 
due to high stress concentrations on the 
material between serrations. 


Rolling Diaphragms 


Rolling-type diaphragms are relatively 
recent developments. Their applications 
resemble a _ long-travel bellows, or a 
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Fig. 5—Rolling diaphragm. As the piston moves down, diaphragm rolls off of piston 


sidewall onto cylinder sidewall. 
to 0.035 in., from fabric overlay. 
elongation but no axial elongation. 


radially sealed hydraulic piston with zero 

leakage. 

Rolling diaphragms can be used when 
one of these properties is important 
1. Very low hysteresis loss required 
2. Where high break-out friction is 

objectionable, or moving friction 

should be kept low. 

. Where the spring gradient of metal 
bellows is not desired, or when- 
ever the required stroke is greater 
than that obtainable by metal 
bellows. 

. In cylinders or actuators where a 
slight leak is objectionable. 

. Where response to slight pressur: 
variations is desired. 

5. In a cylinder or actuator, when the 
contained fluid or gas carries abra- 
sive particles. 


Operation: The rolling diaphragm has 

full 180-deg convolution. 

When pressure increases in the load- 
ing chamber, Fig, 5, the piston moves 
down, causing the diaphragm to roll off 
of the piston side wall and onto the 
cylinder wall with a frictionless action. 
Almost the entire pressure load is sup- 
ported by the piston head, and only a 
small increment of the pressure is felt 
by the diaphragm. Contained pressure 
holds the rolling diaphragm against the 
walls of the cylinder and piston. 

This pressure causes a force against 
the convolution, which is 2 7 D.P, 
where D- = cylinder diameter, in.; C = 
convolution width, in.; P = pressure, psi. 
Considering only a unit of circumferential 
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Usually made in relatively thin thicknesses, 0.010 
Fibers are oriented to allow free circumferential 


length, the tension force, F:, Ib. per in., 
in each sidewall is 


F 


The tensile stress in the convolution must 
be equal to sidewall stress. Therefore 
the stress, St, psi, experienced by a roll- 
ing diaphragm is 
PC 

s, = —— 

2 


where t = Thickness of fabric, in. 


Pressure Reversal: Rolling diaphragms 
have one limitation. They cannot be 
used in an application where the normal- 
ly low-pressure side exceeds, at any in- 
stant of time, the pressure on the normal- 
ly high-pressure side by more than 10 psi. 

Pressure reversal may cause sidewall 
distortion, over-stressing, and a scuffing 
action similar to that shown in Fig. 6. 
Generally, any pressure reversal causing 
multiple pleats will not be corrected by 
application of pressure on the high-pres- 
sure side. Operation with pleats will 
result in early failure. However, special 
rolling diaphragm types are available 
which will flip-flop under pressure re- 
versals without creating multiple pleats. 


Standard Sizes: Rolling diaphragm sizes 
are given in Table 1. There are basically 
two types of rolling diaphragms: 1. 
Molded in the shape of a top hat, Fig. 
7. The convolution for this type is 


formed by hand during assembly. 2. 
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Fig. 6—Pressure reversal may cause roll- 
ing diaphragm to wrinkle and scuff 
sidewall. 


Fig. 7—Most rolling diaphragm applica- 
tions use “top hat’ type diaphragm, 
where convolution is made by hand in- 
version during assembly. 


i 


Class iC 


uw 


Class 3C 


Class 4C 


Class 5C 


Fig. 8—Class-C rolling diaphragms have 
molded convolutions. Usually have less 
stroke than “top hat” type. 
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This type has the convolution molded 
in, Fig. 8, and generally has a limited 
stroke, Table 2 

Each of these two types is available 
in four separate rim configurations, which 
have arbitrarily been defined as classes. 
Classes 1, 3, 4, and 5 are defined in 
Table 3 for the 
type. Classes for the molded-convolu 


hand-formed, top hat 


tion type are the same, except that a 
“C” is 


number 


added after the designating class 


Assemblies: The design of 


Design of 


a rolling diaphragm application involves 


Cylinder Bore Diam 
De Cin.) Cc, Cin.) 


0.37 to 0.99 
1.00 to 2.50 
2.51 to 4.00 
4.01 to 8.00 


Convolution Width, 


many of the principles used in the de- 
sign of flat-diaphragm assemblies, with 
some notable exceptions. 

Recommended flange designs, cylinder 
diameters, piston diameters, and so forth 
are given in Table 4. These dimensions 
are for all types and classes of rolling 
diaphragms, with this exception: Dia- 
phragms with molded convolutions are 
available in only one maximum height for 
each size range, and their stroke is listed 
in Table 2. 

Retainer Plates: The rolling-diaphragm 
type, which is molded in the shape of 
a top hat, requires inversion during as- 


Max. Stroke 
8, or 8, (in.) 


0.075 
0.085 
0.150 
0. 250 
































Fig. 9—Sidewall scrubbing could occur 
with straight-sided retainer plate. Curved- 
lip plate is recommended for all appli- 
cations. 
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Class 1—Piain Bead 

Used where minimum housing OD is 
required. Square groove should be 
used, with volume of groove equal to 
volume of bead. Conventional bolted- 
flange construction can be completely 
eliminated, and the diaphragm held 
by flange retainer plate. Or, it can 
be used with threaded bevel ring. 


Class 3—Beaded Rim 

Used when a soft gasket action is 
required to provide tight pressure 
sealing against roughly machined or 
warped flange surfaces. Has a bead 
around entire periphery of a rim 
having narrow radial width. Volume 
of the retaining groove should be 
equal to the volume bead. 





‘ 
‘ 
’ 
' 


Class 4—Piain Rim 

Most commonly used. Applied in ap- 
plications which have flat mating 
surfaces between the cylinder and the 
bonnet. Rim of the diaphragm also 
serves as a gasket to prevent leakage. 
The metal flange faces should be flat 
or serrated (concentric V-grooves 
spaced 1/32 in. apart with a depth 
of 0.006 in.) to prevent pull out of 
rim under high pressure Flange 
loading pressure should usually not 
exceed 1000 psi. 


' 
i 
‘ 
' 


Class 5—Extended Beaded Rim 
Used when the working pressures are 
in excess of 150 psi and when flange 
clamping surfaces are warped or 
rough. 
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sembly to form the convolution. In some 
installations, and under certain operat- 
ing conditions, its natural resiliency may 
cause a tendency for it to reinvert to 
its original position. This causes side- 
wall scrubbing, Fig. 9. 

This effect is eliminated by 
of retainer plates with curved lips, Table 


the use 


_ 

Piston Eccentricity: Piston and cylinder 
eccentricity affects the convolution width. 
should not exceed 10 per 
cent of width, and some 
means of guiding the piston shaft must 
be incorporated in most applications. 

Most applications require a_ return 
spring. Rarely does the force exerted by 
a compression spring parallel the spring 
axis, so a bending moment is introduced 
to the head of the piston. 

Shaft Torque: If there is a_ possibility 
that the piston shaft may be subjected 
assembly, a rotating- 


Eccentricity 
convolution 


to torque during 








slip joint should be used to prevent the 
turning action from wrinkling the rolling 
diaphragm, Fig. 10. Twist may also 
be applied to the piston by some com- 
pression springs, because when compressed 
they twist through some angular displace- 
ment. If this twisting effect is more 
than 2 deg, one end of the spring should 
be supported on a_ ball-bearing thrust 
plate. 


Flex Life: As a rolling diaphragm op- 
erates, it is subjected to a change in 
circumference. When it rolls from the 
smaller diameter piston, to the larger 
diameter cylinder wall, its circumference 
must increase. Table 6 shows the per 
cent of elongation which occurs for all 
standard sizes. Diaphragms with high 
circumferential elongation cannot op- 
erate as long as those with low elonga- 
tion. 


The number of expected total strokes 


Fig. 10— Rotating slip 
joint is used to hold re- 
tainer plate when there 
is danger of twisting dia- 
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phragm during assembly. 


_ 
‘ 


iam 
Classes 5, 5€ 


—DMax Standard Outside— 
Flange Di 


Length Classes 4, 4C 
Dp(in.) 


Lp(in.) 


Min Piston Min Cylinder 


Skirt Length Bore 


Min Cylinder 
Bore Length 
Le(in.) 


——CClasses |, 3, 4, 5 —Classes 1C, 3C, 4C, 5C— 


Min Piston 
Skirt Length 
Lp(in.) 


Maximum 


Down-Stroke 
Sa(in.) 


Maximum 
Up-Stroke 
Sa(in.) 


> (in.) 


Width 


Convolution 
Cc 


De( in.) 
0.37 to 0.99 


Cylinder Bore 
Diam 


Dp(in.) 


Le(in.) 


1.00 to 2.50 


2.51 to 4.00 


De + 2.75 


De + 2.0 


4.01 to 8.00 
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sile strength, bringing them almost to the 
strength of Nylon. 

Nylon fabric is generally specified for 
use in the medium-temperature ranges. 
It has excellent tensile strength. In many 
applications its high elasticity makes it 
unsuitable for high-pressure applications 
due to creep. Cost of Nylon is about 
half way between cotton and Dacron. 

Fiberglas fabric diaphragms are used in 
many applications whenever temperatures 
exceed 350F. When coated with high- 
temperature elastomers it can be used 
up to 700F for limited periods. Fiberglas 
filaments abrade during flexing, and there- 


“learance hole for retainer 
plate hold down screw 


Cylinder Bore Dimensions (in 
Diam, D, B Cc 


0.37 to 0.99 D,+2W 
1.00 to 2.50 D,+ IW 0.7 Dp 0.032 


Not required 0.025 Ye 

% 

2.51 to 4.00 D,+2W 0.7 D, 0.032 a 
8 * 


4.01 to 8.00 D,+ 


All dimensions in inches 





2w 0.7 Dy 0.060 








Convolution 
Width, C (in.) 


Cylinder Bore 
Diam, D,, (in.) 


1 
ve 
1 
1 


: 


12 

0 ‘ 
00 . 
00 





These elongation values represent a maximum and occur in the fabric of the convolu 
tion at a point near the piston head at the full downstroke position 


Flongation 
(per cent) 


oD 
ooo 


we eco) cocen 
J a 
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y 








before failure is also dependent upon the 
mean operating level of pressure and 
upon the per cent of total stroke used, 
ussuming that temperature or environ- 
mental conditions do not degrade either 
the fabric or elastomer 

Whenever the application requires high 
flex life, the fabric should be prepared 
in a way to 


elongation 


provide free circumferential 
Serious stress build-ups al- 
ways result if freedom in circumferential 


elongation is not sufficient. 


Diaphragm Materials 


Chree major material properties are im 
portant 

Burst Strength: This is the pressure at 
Ww hic h di aT hr iZm™Mm vill fail. This is 
affected by two other properties: Tensile 
Since ultimate 


strength and modulus. 


tensile strength is based on the tensile 
stress required to cause failure for a given 
area of section, any reduction of sectional 
area caused by elongation under pressure 
lower the 


will progressively bursting 


strength of a given sample. Consequently, 
a high-modulus compound should ordi 
narily show a higher burst test than a 
low-modulus compound, even though the 


ultimate tensile strengths of both are ap- 
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proximately the same. 

Flexibility: This is a term usually em 
ployed to describe the relative deforma- 
tion or deflection of a material when 
This property 
is dependent on modulus. Low-modulus 
compounds are usually being described as 
flexible compounds and _high-modulus 
compounds are called stiff compounds. 


subjected to a given load. 


Material Selection: Selection of a ma- 
terial for diaphragm involves the choice 
of a fabric, and the choice of an elasto- 
mer. 

Fasric: 
in fabric and elastomer diaphragms are 
cotton, Dacron, Nylon, Teflon, or glass. 
inexpensive dia- 


The majority of the fabrics used 


Cotton is the most 
phragm material. Since cotton yarn is 
formed from short lengths of fibers, ten- 
sile strength is not as high as that ob- 
tainable from filament yarns. Cotton 
should not be used whenever tempera- 
tures are high, since tensile strength is 
degraded at elevated temperatures. 

Dacron fabric is particularly well suited 
for use in diaphragms for relatively high- 
temperature applications. It can be used 
at temperatures up to 350 F without negli- 
gible loss of tensile strength. Dacron fila- 
ments can be treated to increase the ten- 


fore must be treated with a lubricant 
during the formation of the fabric. The 
lubricant must be able to withstand ele- 
vated temperatures without losing its 
lubricating properties. 

Teflon fabric can be used for tem- 
peratures up to 400F whenever the ten- 
sile stress is small at elevated tempera- 
tures. Fiberglas cords are sometimes used 
in combination with Teflon. Here the 
Teflon acts as a lubricating barrier to 
prevent serious abrasion between the glass 
filaments. 

Ecastomers: Diaphragm fabrics are al- 
ways impregnated for impermeability. 
Usually the impregnant is an elastomer. 

Permeable elastomers can cause leaks. 
Leaks can also be induced by wicking 
of fluid through the fabric portion of the 
diaphragm. If the elastomer is porous, 
or if the center hole of the diaphragm 
is not sealed off, wicking can occur. 

There are several choices of elastomers: 

Buna N, whose generic name is Nitrile. 
This elastomer is the most commonly 
used. It has good resistance to excessive 
swelling when in contact with fuels, gaso- 
line, mineral oils, machine oils, etc. 

Nitrile can be compounded to be used 
for temperature ranges from ~—S50 to 
+200 F. It is affected by excessive ozone, 
but this deficiency can be overcome by 
additives. 

Acrylic elastomers are good for dia- 
phragms in intimate contact with oxygen 
or ozone. It will endure temperatures 
up to 300F. Since it is stiff at low 
temperatures, it cannot be used as a 
flexible membrane for temperatures be- 
low zero. Acrylic elastomers should not 
be used in contact with gasoline, acids, 
and alcohols. 

Butyl is used as the elastomer in dia- 
phragms where impermeability is impor- 
tant. The resistance of Butyl to fuel oils 
and gasoline is poor. 

Silicone elastomers are flexible over an 
extremely wide temperature range, — 100 
to +600F. Since the fabric in dia- 
phragms provides the required tensile 
strength, strength of the elastomer is not 
of paramount importance. 

Silicone elastomers are now available 
which have fairly good compression set, 
and as a consequence, Silicone diaphragm 
flanges can be clamped without fear of 
flange creep. 
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Nonmetallic Gaskets 





OINT and gasket design must be considered together. A 
joint is only as good as its gasket, and the gasket may 
succeed or fail according to whether the joint is designed 
and constructed to make the best use of the properties of 
Therefore, the joint components must 
be thought of as a unit or as a system for effecting a seal. 


the gasket material. 


In the first part of this chapter, the mechanical factors of 
joint design for nonmetallic gaskets are defined, requirements 
are set up, and an empirical solution to the problem is given. 
In the second part of the chapter, the various nonmetallic 
gasket materials are discussed, and recommendations are 
provided for their proper selection. 


Joint and Gasket Design 





EARL M. SMOLEY, Research Physicist, Armstrong Cork Co., Lancaster, Pa 


A gasket creates and maintains a tight 
seal between separable members of a 
mechanical assembly. Although a seal 
may be obtained without a gasket, the 
gasket promotes an efficient initial seal 
and prolongs the useful life of an assem- 
bly. In compensating for errors and ir- 
regularities in joined rigid members of an 
assembly, the gasket serves as a calking 
compound. However, the forces which 
are brought to bear upon a gasket are 
quite complex and variable, Fig. 1. 


Joint Types 


Basic flange joints, Fig. 2, are suitable 


for all kinds of flat gaskets, plain or 
jacketed. For moderate pressures up to 
200 psi the simple flange joint is appli- 
cable. For higher fluid pressures, some 
variation of this joint is required. In the 
reduced-section joint, the gasket-wall sec- 
tion has been reduced to give a high gas- 
ket stress without change in bolt stress. 
The tongue-and-groove variation of the 
simple flange joint is useful for applying 
extremely high stress to gaskets, and for 
holding high fluid pressures. Since it com- 
pletely confines the gasket, it limits the 
flow that might otherwise occur in many 
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Gasket must flow into 
all imperfections 


Bolts squeeze on gasket 








JT Fluid attack 
i I 





Fluid pressure, 


misalignment, gravity, 


and thermal 


try to seporate faces 


materials, especially rubber and rubber- 
like materials. 


Metal-to-metal joints are particularly 
suitable for truly compressible materials, 
such as cork composition and cork-and- 
rubber, Fig. 2. However, these joints bear 
a great similarity to joints designed for 
rubber O-rings. Rectangular-section rub- 
ber gaskets may be used if shape and 
volume are correct. Initial gasket volume 
must not exceed that of the cavity. But, 
initial shape should be such that less than 
20 to 25 per cent deflection of the rubber 


Fig. 1 — Conditions 
acting on a gasket. 


Environmental 
conditions 


part occurs as the joint is closed. These 
joints are particularly good where it is 
essential to maintain accurate internal 
clearances or alignments. They are also 
useful for limiting the amount of stress 
on the gasket. 


Self-tightening joints, Fig. 2, generally 
call for special molded shapes, although 
flat gaskets can be used in some cases. 
Rubber or plastic, molded to special 
shapes, are often used. 

Concentric joints, Fig. 2, require that 
the gasket exert its sealing force in a di- 
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- smooth finished to permit sliding against 
the gasket with minimum friction and 
abrasion. 

Special cavity joints, Fig. 2, can use 
very simple gaskets that have been 
adapted to gasket cavity designs of some- 
what different shape. The possibilities in 
using simple round, square or flat cross- 
section gaskets should be exhausted before 
concluding that relatively expensive 
molded shapes are necessary. 

For example, a square-section rubber 
ring can be deformed in assembling a 
stamped container and cover. A flat rub- 
ber gasket can be deformed to dish shape 
and held in place by steps or serrations 
in the sloping seat joints. A rectangular- 
section gasket or hollow tubular gasket 
can be used in rounded-surface cavities. 

The factors which determine the suc- 
cess or failure of a joint are extremely 
important. These factors are grouped in 
two categories: Creating the initial seal, 
and maintaining the initial seal. 

The two principal areas of creating and 
maintaining the initial seal are not com- 
pletely independent of each other. They 
interact rather strongly. What happens 
in one may be reflected in the other. Ad- 
justing a factor to create a better initial 
seal can affect the maintenance of that 
seal. Like the gasket-flange combination 
itself, they must be considered as a unit 
not separately. 


Basic Flange Joints 
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Reduced section 




















Simple 


Meta! -to-Metal Joints 
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Self-tightening Joints 


Molded-shape gosket 
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Creating the Initial Seal 


The focal point around which the prob- 
lem of designing for effective seals re- 
volves is the initial seal. It is defined 
as achieving a suitable degree of imper- 
viousness in a flanged joint against the 
leakage of a sealed fluid primarily by 
application of compression loads on the 
gasket. Most generally, the sealed fluid 
will be under internal pressure, so it too 
must be considered in the definition of 
a seal. Flange distortions which are fre- 
quently found in low-pressure joint de- 
signs are important because distortions 
often work against the achievement of 
suitable sealing conditions. Also of im- 
portance is the producing of effective seals 
through the application of various treat- 
ments to the finished cut gasket. There- 
fore, there are four major factors in creat- 
ing the initial seal: 1. Flange pressure. 
2. Internal pressure. 3. Flange distortions. 
4. Effects of gasket treatments on initial 
seals. 


Threaded Joints 


Ah. 


Special Cavity Joints 


as 


Fiat gasket 





——_ 


—— IF 


. 


Rectangulor gasket 





Fig. 2—Typical gasket-joint types. 








Flange Pressure: The initial squeeze or 
initial unit compression load imposed on 


rection normal to the applied bolt stress. 
A deformable material which is relatively 
firm and incompressible works best. Rub 
ber, for instance, deforms with minimum 
actual compression, although soft rubber 
is likely to extrude through clearances. 
Impregnated braided packings, cork-and- 
rubber, and straight rubber of 80 or 90 


8&4 


Shore hardness are especially worth con- 
sidering. 

Threaded joints, Fig. 2, which 
with torsion, require materials which are 
tough, inextensible and abrasion resistant. 
Hard compressed asbestos, leather, and 
metal-jacketed gaskets are best. At least 
the mating surfaces should be 


close 


one of 


the gasket by the flange-bolt combina- 
tion is the flange pressure. Almost every 
factor involved in effective sealing de- 
pends upon it in one way or another. 
To incorporate the idea as part of unitiz- 
ing the gasket-flange combination, two 
things must be considered: Techniques 
for estimating the flange pressure in typ- 
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—_—______—1\_—_—_—_———Bolts and Cap Screws— _ — 
1010 Steel : SAE Grade 2 SAE Grade 3 SAE Grade 5 

Torque Breaking Torque Torque Breaking Torque Breaking Torque Breaking 

(Ib-ft) Lead (ib) (Ib-ft) Load (Ib) (Ib ft) Load (ib) (Ib-ft) Lead (Ib) (Ib-ft) Lead (Ib) 


242 
262 
22 
350 
370 
403 
437 
531 
552 
542 
790 
9&8 
1129 
1228 
1620 5.8 1750 
1854 5 2000 
2672 hy 2900 
2968 p 3200 
3952 4250 
4480 2 4850 
5850 
6550 
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2200 3800 
2500 4350 
3600 . 57 6300 
4000 5 24. 6950 
5350 39. 39.3 9300 
6050 g 10,550 
7350 ‘ 53.4 12,750 
8200 a 14,250 

7800 9800 96 17,050 

8800 11,000 . 19,150 
12,450 14,450 27,100 
14,100 23 16,400 2 30,700 
18,350 20% 19,400 40,100 
20,500 35 23,850 44,750 
25,400 53,150 
28,000 58,550 
33,350 i 69,700 
36,450 76,250 
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ical joint designs, and the minimum 
amount of compression loading required 
to create an initial seal on a nonmetallic 
gasket material. Gasket loads on flat-face 
V4 flanged assemblies, Fig. 1, are brought 

Pa about by the torque or torsional effort 
Fd a applied to the bolts. In joint designs 
ee og where the flange sealing surfaces are rea- 


sonably parallel, the major obstacle in- 

















sure, Fy), (psi) 


7) 











oo 2D. _Flange design curve 
Mai squares curve volved in translating initial bolt torque 
ee into actual compression loads on the gas- 

ket is friction. That is, the friction found 
in the mating screw threads plus the bear- 

a ing friction between the underside of the 


ne Se bolt head and the flange. Together, they 
consume about 90 per cent of the applied 














Apparent Fiange Pre 














7 = bolt torque, leaving about 10 per cent 
= re nin eee oe —e ‘sg available for gasket compression. 

» “oct ‘PS! From the curves, Fig. 3, it is possible 
to predict initial gasket loading condi- 
tions from the initial torque setting or 
the number and size of bolts used. These 
curves are based on an analysis of the 
frictional properties of joint assemblies 
used in low-pressure applications. They 
represent the frictional factor for such 
applications. Hence, they can be used to 
estimate how much friction must be con- 
sidered in translating initial bolt torques 
into actual gasket loading conditions. 
Maximum torques for various bolt sizes 





rubber 
(25 to 50) 








composition 
(55 to 71) 














Compression Range (per cent) 


(12 to 39) 





: are given in Table |. 
Fig. 3—Actual flange pressures in gasketed joint are obtained from curves of chart, Apparent flange pressure, P,,,, which 
while minimum actual flange pressure ranges for various nonmetallic gasket mate- 


rials are given in bar chart. does not compensate for the friction nor- 
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DESIGN DATA 


Flange 


Flange 


No Conformation 
(wrong) 


Flange , 
__Flonge 
Fartial Conformation 

(wrong) 


Conformation 
(right) 


Total 


Fig. 4—Gasket and flange conformation. 


mally designed into the flat-faced joint 
assembly, is obtained from 
NT 


Pegs (1) 
“? 02DA 


where 7 torque setting, Ib-in.; N 
nominal bolt diameter, in.; and A 
sasket area in contact with flange, in.? 

Actual flange pressure, I which com 


"eats 
pensates for the friction normally de 
signed into the joint is obtained from 
the flange design curve in Fig. 3 for the 
calculated values of P,,, 

This is the minimum for the actual 
gasket loads, because the design curve 
represents a maximum in friction, a condi- 
tion wherein more than a normal amount 
of applied bolt torque is consumed in 
overcoming friction. If the bolt threads 
are lubricated, then the actual flange 
pressure could be equal to the apparent 
flange pressure. In actual design, it is 
not possible to specify rigid controls on 
friction so that a certain gasket load is 
obtained. Nor, can such conditions as 
low and high friction be defined. This 
is an inherent uncertainty in any flange 
pressure calculation based on initial bolt 
torques. Consequently, only a range of 
actual flange pressures can be determined. 
The actual gasket load falls somewhere 
between these two limits. The most prob 
able value is found from the least-squares 
curve in Fig. 4. Example: Estimate actual 
gasket loads in a joint assembly where T 

15 lb-ft, A 3.24 in.?, N 4, and D 

9/16 in. From Equation 1, the appar 
ent gasket load is 


4(15) 
Pp 


3556 psi 


From Fig. 3, the actual gasket load for an 
apparent load of 3556 psi is 1600 psi. The 
gasket load range is, therefore, 1600 to 
3556 psi, with a most probable value fron 
the least-square curve, Fig. 3, of 1900 psi 

Often it is necessary to work from a 
given gasket material and determine the 
distribution of the apparent load uni 
formly over the flange. This requires a 
knowledge of the number of bolts, their 
size, their spacing, and their location 
around the design. In pressure vessels, 
bolt spacing (pitch) varies from 7 times 


the bolt diameter for installations in 


which the internal pressure is not over 
50 psi, to 3.5 times the bolt diameter in 
installations in which pressure is 200 psi. 
In low-pressure joints employing soft non- 
metallic gaskets, bolt spacing need only 
follow considerations of properly distrib- 
uting the flange pressure for reasonable 
equality over the face of the gasket. There 
are no clear-cut rules for doing this. 

Although the curves in Fig. 5 are based 
primarily on experimental data, there are 
few restrictions on their use. Flanges 
must not distort excessively. Bolts can 
range in size from '/,-20 NC to %-10 NC. 
Fine threads can be used. Thread fits 
should be loose enough so that no large 
torques are required to bring the bolt head 
in contact with the flange. Lock washers 
or other devices, designed to produce ex- 
ceptionally high friction, may slightly 
alter the curves. 

Experimental techniques for estimating 
actual flange pressures are used for more 
accurate requirements. One such tech- 
nique is the solder plug test... At a given 
torque setting on a joint, the plug test 
enables one to evaluate the actual com- 
pressions produced in the gasket itself. 
Once such compressions are known, the 
unit loads required can be found. 

In metal-to-metal joint assemblies, gas- 
ket loads are fixed by the depth of the 
groove or recess, and the uncompressed 
thickness of the gasket. From this in- 
formation, the per cent of gasket com- 
pression and hence, the gasket loads or 
actual flange pressures can be determined 

There are other methods for estimating 
gasket loading conditions. For instance, 
from the elongation and modulus of a 
bolt, the bolt load can be calculated.* 
Bolt loads can also be calculated from 
screw thread formulas, but refinements in 
such calculations may be misleading and 
useless. 


Gasket Loads: Some gaskets are in- 
herently porous. Certain minimum com- 
pression loads must be applied to such 
materials before they can perform the 
function of a gasket. The structure is 
closed to create a barrier for the sealed 
fluid. Compression loads also produce 
conformation between gasket and flange. 
Hence, the gasket must be molded to the 
flange, Fig. 4. Interfacial openings or 
clearances between gasket and flange are 


‘References are tabulated at end of chapter. 


reduced to proportions to prevent leakage 
of the sealed fluid. 

The minimum sealing load for each 
class of nonmetallic gasket is given in 
Fig. 3. Sealing loads given are loading 
minimums. They can be exceeded with- 
out any danger of crushing the gasket. 
Minimum sealing loads impart to a joint 
assembly enough imperviousness or re- 
sistance to leakage to satisfy most of the 
initial requirements in low-pressure ap- 
plications. Requirements in such appli- 
cations are far from standardized. They 
vary considerably. Consequently, there 
will always be those few fringe joints 
where the minimum sealing compressions 
may be too low for adequate sealing. On 
the other hand, there will be those where 
the sealing compressions may be too high. 
Under these circumstances the designer 
must excercise judgment and rely on ex- 
perience to adjust the minimum sealing 
loads to fit particular application condi- 
tions. 


Internal Pressure: A driving force, tend- 
ing to push the sealed fluid through a 
joint assembly, is the internal pressure. 
This reaction must be considered in esti- 
mating how much initial loading condi- 
tion is required for cteating the initial 
seal. There is a whole spectrum of in- 
ternal-pressure conditions usually found in 
low-pressure joint designs. However, 100 
psi appears to be a reasonable upper limit. 
Under many conditions, the gasket may 
be called upon to seal fluids under no 
internal pressure at all. The average 
pressure is estimated to be about 15 to 30 
psi. The minimum sealing loads speci- 
fied in Fig. 3 are high enough to seal 
against the internal fluid pressures nor- 
mally encountered in low-pressure appli- 
cations. 


High Pressures: Nonmetallic materials 
listed in Fig. 3 also can be used to seal 
internal pressures above 100 psi. The 
higher pressures, however, require higher 
minimum sealing loads and rigid flanges. 
The rigidity must be great enough so that 
the gasket can perform its sealing function 
without having to compensate for too 
much flange distortion resulting from the 
internal pressure. Just what the relation- 
ship is between minimum sealing loads 
and internal pressures is not defined. 

One method of design has been pro- 
posed in the ASME Pressure Vessel Code* 
for bolted flange connections. This meth- 
od incorporates the internal pressure fac- 
tor as an integral part of a flange-design 
procedure. A minimum design seating 
stress, y, is specified. This is the mini- 
mum compression load required to make 
the gasket seat or conform to the flange 
surface. This value is based on very 
much the same ideas as the minimum 
sealing loads, Fig. 3, except that the lat- 
ter is high enough to seal against the 
internal pressures normally found in low- 
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pressure applications. In addition to y, 
the ASME Code considers the internal 
pressure through a_ gasket factor, m, 
which is expressed as a flange pressure 
per unit internal pressure. The gasket 
factor is an indication of how much 
flange pressure above y is needed to seal 
the prescribed internal pressure. The 
ASME rules do not make their use man- 
datory. Much of their 
contingent on experience and judgment 


application is 


Blowout: Internal pressure can cause a 
blow-out condition, where the gasket 
walks out or slips from between the 
flanges. There are several things which 
can be done in the gasket design to 
eliminate this condition. If straight rub- 
ber materials are used, a high-durometer 
material should be specified. Also, for 
compressible materials, the initial torques 
or flange pressures can be increased. Care 
should be taken to insure that the flange 
surfaces are kept clean. 

Flange Deflection: Internal 
also can cause deflection in flanges, par- 
ticularly if the flanges are fabricated 
from thin sheet metal. This is a deflec- 
tion where the flange, upon exposure 
pressures, tends to lift off 


pressure 


to internal 
the gasket. If the gasket: is to retain its 
initial seal, the flange itself must not 
be a factor in disrupting that seal. If 
deflection is a problem, the flanges 
should be reinforced to give 
rigidity. 

Flange Distortion: Flanges are subject 
to four different types of distortions: Sur- 
face roughness, bowing, nonparailelism, 
and bolt-hole distortion. Nonmetallic 
gaskets will compensate for moderate dis- 
tortions and still perform their sealing 
functions. But, severe distortions will in- 
terfere with the sealing function. 

Surface Roughness: A tight seal is one 
in which the gasket is made to flow 
into or compensate for surface irregu- 
larities, creating an unbroken barrier to 
a sealed substance. Theoretically the ma- 
terial flow and compressibility are nec- 
essary for the achievement of sealing 
conditions. 

When minimum sealing loads as spe- 
cified in Fig. 3 are attained, compres- 
sions are high enough to make the gas- 
kets compensate for the normal range of 
surface finishes. For extremely rough sur- 
faces or light loads, bolting should be 
increased, a gasket with a different un- 
compressed thickness of the gasket should 
be used, or a more compressible ma- 
terial should be employed. 

Nonparallelism: If flange faces are not 
parallel when the joint is fully tightened, 
the gasket will be under heavy compres- 
sions at some points and light compres- 
sions at others. This is nonparallelism or 
cocking. Nonparallelism is not of major 
consequence in low-pressure joints un- 
less leaks occur at the point of low com- 
pression. Some of the cocking may be 
attributed to a poor bolting sequence 
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around the flange, or it may be due to 
warpage inherent in the flange itself. 
Cocking can be eliminated by estab- 
lishing a proper torqueing sequence and 
by using higher initial bolting torques. 
On the gasket itself, a change in gage 
might be enough to stop leakage, and 
if a change in gasket material is war- 
ranted, then preference should be given 
to those with high compressibility and 
low minimum loads for sealing. 

Flange Bowing: A beam effect is nor- 
mally created between bolt centers and 
results in bowing. The magnitude of 
bowing depends upon flange material, 
flange thickness, distance between bolt 
centers, initial bolt torque settings, and 
the gasket material itself. Flange bend- 
ing appears to cause more leaks than 
any other type of distortion. 

Required sealing loads may be achieved 
midway between bolt centers in sev- 
eral ways. The initial bolt torque may 
be increased. Or more rigidity may be 
designed into the flange itself. With 
this technique it is often necessary to 
also add a greater number of bolts. A 
gage or thickness change on the gasket 
will have a definite effect on sealing. If 
a different material is needed, then pref- 
erence should be given to those with 
lower minimum sealing loads and higher 
compressibilities. Of course, changing to 
a less compressible or harder gasket will 
reduce bowing, but the lower minimum 
sealing load should not be sacrificed. 
The harder, less-compressible gasket will 
demand almost a perfectly smooth flange 
surface. 

Bolt-Hole Distortion: Flanges fabri- 
cated from sheet metal are particularly 
susceptible to excessive distortion around 
bolt holes. Usually this occurs in con- 
junction with bowing. Actually, the two 
are inseparable. Bolt-hole distortion is 
indicative of high compressive stresses 
and, when concentrated in the immediate 
area around the bolts, the distortions will 
cause a gasket to rupture or extrude. Ex- 
trusion has never been related directly to 
leakage, but the tear represented by a 
rupture is a direct opening for the leak- 
age of a sealed fluid, even though the 
minimum sealing loads on the gasket had 
been achieved. Both situations are greatly 
aggravated by the presence of oil or 
grease on the sealing surface of flanges. 

The rupture effect can be reduced some- 
what by reducing initial bolt torques, dis- 
tributing the bolt loads more uniformly, 
eliminating lubricants or uncured adhe- 
sives on the flange sealing surfaces, 
changing the gage of the gasket, elimi- 
nating gasket treatments in the form of 
coatings or oily saturants, and giving 
preference to a less compressible gasket, 
if it has a greater resistance to rupture. 
The designer must use caution because 
some of these will involve sacrifices in 
the sealing qualities of a joint. In cer- 
tain instances, compromise will have to 
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be made. 

Generally, in any one joint assem- 
bly, the four distortions rarely occur 
singly, but always in combination. They 
lead to sealing difficulties when, at one 
or more points around the flange, the 
minimum sealing loads have not been 
achieved. When exceptionally rough 
flange finishes, bowing, and nonparallel- 
ism are interfering with the creation of 
an initial seal, improvements can be 
brought about by changes in gasket 


thickness, by higher gasket compressibili- 
ties, and by lower unit compression loads 
required for initial sealing. These, of 
course, are the major items involved in 
proper gasket design and selection. 


Maintaining the Initial Seal 


Once created, the initial seal must be 
maintained for a reasonable length of 
time. The factors which logically be- 
long under the heading of seal mainte- 
nance are those which come into the 
gasketing problem after the joint is fully 
tightened and is exposed to its complete 
operational environment. Temperature 
starts to produce its effects, torque losses 
become measurable, mechanical vibrations 
may be a part of operating conditions, 
and sealed fluids produce their chemical 
and physical effects on the gasket itself. 
All of the factors that fall under main- 
taining the initial seal can be grouped 
into three broad headings: Torque losses, 
temperature, and gasket environment. 

When assessing the effects of any fac- 
tor on maintaining the seal, the effect 
of that factor should be evaluated or 
measured relative to the initial seal. The 
important point is whether a factor makes 
the seal better or worse, whether the fac- 
tor works with the initial seal in such 
a way as to reinforce it, or works against 
it in such a way as to open the joint for 
possible leakage. However, regardless of 
whether these factors work for or against 
an initial seal, the effects must be con- 
sidered during the initial design. 

Torque Losses: After a flat-faced joint 
design has been fully tightened there is 
usually some loss in the initial torque 
applied to the bolts. This implies a loss 
in compression loads on the gasket. 
Torque losses work against sealing and 
reduce the possibility of the joint being 
opened. The loss should be kept as small 
as possible. 

To accomplish this, the designer must 
know what factors or variables in a 
flanged assembly will affect the torque 
loss measurement. They are: Initial flange 
pressure, bolt length, difference in ther- 
mal coefficient of expansion between the 
bolt and flange, time, temperature, gas- 
ket composition, and gasket thickness. 

These are the seven basic factors on 
which some empirical information exists 
in the published literature. 

Bolt-Flange Design: The first 
factors are an integral part of the design 


three 
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of the metallic components comprising 
the joint assembly. Initial flange pres 
sure, initial gasket load, and bolt length 
are inseparable and should be considered 
together to achieve the 
torque loss. Bolt elongation, along with 


minimum in 


the proper initial gasket loads, will de- 
termine how much resiliency or elastic 
energy is stored in the joint assembly 
when the bolts are initially tightened. In 
a way, this is the energy which com- 
pensates for torque losses. In fact, by 
proper adjustment of bolt length and ini 
tial gasket loads, it is possible in some 
assemblies to eliminate almost all of the 
loss. 

The third factor pertains to the effects 
of a differential in thermal expansion 
between the bolts and flanges; for in- 
stance, steel bolts clamping aluminum 
flanges together. Upon heating, the alu 
minum flange expansion is restrained by 
the steel bolt on one side and the gas 
ket on the other. The gasket should re 
sist any added compressions imposed on 
it by these expansion effects and, in 
doing so, it translates the thermal strains 
in the aluminum into mechanical bolt 
torque increases. Hence, the joint tight 
loosens when 


ens when heated and 


cooled. Torque variations are usually pro 
portional to the temperature differences 
aluminum 


and the thickness of the 


flange. A gasket exposed to such thermo 


mechanical effects must undergo me 
chanical loading and unloading condi 
tions without exhibiting too much ex 
trusion. Extrusion is usually indicative of 
high torque losses 
Operating Conditions: Factors four and 
five are a part of joint operational con 
ditions. Time as a measure of gasket life 
begins when initial tightening is com 
pleted. Residual 


torque, or torque re 


tained, diminishes with time. But, it 
eventually becomes steady and remains 
almost constant 

The effects of temperature on torque 
are probably fairly well known. As tem 
perature increases, near! y every nonme 
tallic material becomes soft; gaskets are 
no exception. This tends to accelerate 
such phenomena as creep and stress re 
axation and, at sufficiently high tem 
peratures, the same applies to metals 

Gasket Factor 
and the thickness of the gasket are the 


Gasket composition 


remaining two factors having a rather 
pronounced effect on the torque loss 
problem 

Temperature: The effects of tempera 
ture on the initial seal are very com 
plex and not too well understood. They 
interact very strongly with almost every 
one of the other factors involved in the 
problem of designing for effective seal 
ing. Consequently, whatever is required 
in the way of temperature resistance 
might have to be examined for its effects 
on torque loss and the other factors in 
the gasketing problem 


In low pressure applications, moderate 
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temperatures appear to favor the initial 
seal, that is, it is improved so the joint 
becomes a little more impermeable to 
sealed fluids. This can be attributed to 
the softening effect produced in the gas- 
ket by initial heating. The gasket, being 
soft and under loading conditions, will 
more than likely flow into the surface 
imperfections on the flange, thereby com- 
pleting the conformation between gasket 
and flange which may not have been 
achieved when the joint was initially 
tightened. 
Prolonged 
ambient 
gasket materials to harden in a flanged 
assembly. Fortunately, the hardening does 
not appear to affect either the initial 
seal or the slight improvement in sealing 
caused by the initial heating. The im- 
provement is irreversible; it is a perma- 


higher than 
cause many 


exposure to 


temperature will 


nent change in sealing properties even 
though the joint might be cooled back 
to ambient temperature conditions. 

While moderate temperatures promote 
sealing, abnormally high temperatures 
will result in a complete breakdown in 
the initial seal. These are the tempera- 
tures which normally cause burning or 
charring in nonmetallic gasketing ma- 
terials. Hence, temperature can have both 
beneficial and detrimental effects on the 
initial seal. Therefore, the designer must 
avoid conditions which lead to the lat- 
ter, or must select gaskets which main- 
tain their initial seals when exposed to 
such conditions. 

Gasket materials, in general, have 
somewhat higher coefficients of thermal 
expansion than most of the metals from 
which flanges and bolts are made. In 
certain situations involving wide and 
rapid temperature fluctuations, particu- 
larly in the recessed type of joint de- 
sign, this factor of relative expansion and 
contraction due to such temperature 
changes may require special design con- 
siderations. The gasket must be able to 
maintain its initial seal when exposed 
to changing temperatures. 

Temperature greatly accelerates the ex- 
trusion effect. Extrusion may not occur 
at all at room temperature but, when 
the flanged assembly heats up, the gas- 
ket may be observed to flow from be- 
tween the flange, particularly around the 
bolts. Extrusion is not indicative of a 
loss in initial sealing properties unless 
it results in rupture. Sometimes it leads 
to a condition where pieces of the ex- 
truded gasket may break off and be car- 
ried by the sealed fluid to orifices or 
delicate mechanisms. 

Industry has always shown some in- 
terest in the temperature limits on non- 
gaskets. Resistance to tempera- 
ture is, of course, a property which can 
take on a multitude of definitions. As 
far as the effects of temperature on seal- 
ing are concerned, it is extremely difficult 


metallic 


to specify meaningful industry-wide tem- 


perature limits on a gasket material. In 
low-pressure applications, sealing require- 
ments vary over quite a range and so 
do application conditions. This in itself 
makes a temperature limit an imprac- 
tical thing with which to deal. To es- 
tablish realistic temperature limits, a de- 
signer should set up an actual joint as- 
sembly along with specific operating con- 
ditions and find out experimentally just 
what effects the temperature will have 
on the initial seal. 

Environmental Conditions: A gasket is 
bounded by the two flanges, by the sealed 
substance and, on the outside, by the 
external environment. There must be a 
mutually agreeable relationship between 
the gasket and the conditions which 
bound it on all sides. 

Gasket-Flange Conditions: A great many 
gasket materials tend to adhere to flanges, 
a phenomenon which is dependent upon 
time, temperature, and flange pressure. 
The metal from which the flanges are 
made would also be included. Adhesion 
is a strong factor in the maintenance of 
the initial seal, since a strongly adherent 
gasket will hold quite high fluid pres- 
sures with very low residual flange pres- 
sures. Rubber cements and other ad- 
hesives may be deliberately employed to 
make adhesion more immediate and cer- 
tain. An adherent gasket, regardless of 
how adherence is effected, causes diffi- 
culty in separating flanges, a condition 
which in some applications is very ob- 
jectionable. For this reason it may be 
necessary to treat gaskets to inhibit the 
tendency to adhere. 

Both staining and corrosion can be 
highly objectionable for a number of 
reasons, but their effects on the initial 
seal are not too well known. They are 
sometimes promoted by vulcanizing 
agents, accelerators, and moisture, all of 
which are constituents of gasketing ma- 
terials. Some materials may be slightly 
acidic, others alkaline. Both of these 
tend to encourage corrosion. 

Frequently staining and corrosion re- 
sult from a three-way interaction be- 
tween sealed fluid, gasket, and flange. 
Dark staining occurs wherever the sealed 
fluid is able to get in the interface be- 
tween the gasket and flange. This is a 
condition, which in most instances, can 
be prevented by maintaining the mini- 
mum sealing loads on the gasket. In 
some applications, the gasket could be- 
come an agent in electrolytic corrosion, 
particularly if its binder is hygroscopic 
and the flanges are made of dissimilar 
metals. Here again, meeting the mini- 
mum sealing loads on a gasket may not 
completely eliminate electrolytic corro- 
sion but it will do much to reduce its 
harmful effects in the interface between 
gasket and flange. 

Gasket-Sealed Fluid Conditions: Gasket 
swell and shrinkage have more or less 
a direct bearing on the maintenance of 
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the initial seal. Even in joints where the 
flange pressures are high enough to pro- 
duce initial seals, the internal fluid will 
penetrate the gasket to a slight degree. 
Such penetration or edge effect is per- 
fectly normal and has little or no effect 
on the initial seal. If anything, it aids 
sealing. Moderate swell may be highly 
beneficial even in assemblies where 
flange pressures are lower than those 
required for sealing. The swell will com- 
pensate for the lack of gasket loads and 
produce acceptable seals in joints which 
otherwise would exhibit leakage. On the 
other hand, excessive swell may be det- 
rimental, particularly if the gasket be- 
comes too soft and tends to disintegrate 
in the sealed liquid. 

Shrinkage can also give rise to harm- 
ful effects. It is indicative of a loss of 
binder or plasticizer in the gasket. This 
means that, more than likely, the sealed 
fluid will become contaminated. More- 
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over, extraction or a loss of binder or 
plasticizer could very well lead to the 
complete destruction of an initial seal. 

Gasket-External Environment Condi- 
tions: Ultraviolet light, vermin, ozone, 
and fungi are all a part of a gasket’s ex- 
ternal environment. Their effect on the 
initial seal may not be too well under- 
stood but, in some applications, they can 
be objectionable. Ozone causes some rub- 
ber compounds to crack or split along 
the outside edge of the gasket. The ef- 
fect is in proportion to the compression 
loads on the gasket. Various fungicides, 
applied to the gasket in the form of sur- 
face treatments, will provide suitable re- 
sistance to mold growth. 

Other Factors: When one considers 
the broad aspects of gasket performance 
or serviceability. there are obviously 


many factors or variabies involved. Those 


that fit into a seemingly logical pat- 
tern as far as sealing is concerned have 


been covered. 

Other factors which tie into the many 
other aspects of gasket performance are: 
Electrical resistivity, thermal conductiv- 
ity, gasket treatments, resistance to the 
cutting action of very thin flanges, gas- 
ket tolerances, stability considerations, 
and resistance to abrasion. 

It will be easily recognized that a few 
of these factors cannot be completely di- 
vorced from the sealing function of a 
gasket. Therefore, although the require- 
ments for effective sealing were broken 
down into broad areas, the problem of 
gasketing should be considered as a unit, 
since what happens in one area may 
very well affect factors in another. 
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Nonmetallic 
Gasket Materials and Forms 





EARL M. SMOLEY 


Research Physicist 


‘ELECTION of a material for applica 
tion aS a how 


the 


gasket hinges upon 


well material meets these four basic 


requirements 


!. Impermeability 


Ability 
fections when compressed. 


to flow into joint imper 


Maintain seal in spite of age, vari 


ations in temperature, and varia 


tions in pressure. 


Resistant to environmental \ dete 


rioration. 


[here are innumerable types, classes 


styles and grades of gasket materials in 
use today. Since a gasket 
for irregularities in joined rigid members 
of an assembly, all gasket materials have 


the common characteristic of deforming, 


compensates 


or compacting, under compression loads, 
Fig. | 

The extent to which a gasket must be 
compressed to effect a seal is dependent 
on the finish of the contact surfaces, and 
the character of the gasket material. In 
general, materials with a higher percent 
age of under joint 


compression loading 


are used for applications 
Properties and uses of different materials 
are shown in Table 1. 


Minimum 


low-pressure 


necessary for 
a good seal are given in Table 2 for the 
Relative 


materials to common 


seating stresses 


more common gasket materials. 
resistance of gasket 
fluids is covered in Table 3 

Although there are many materials and 
suitable for 


combination of materials 


gaskets, the more common compositions 


can be classified in these categories 


l. Asbestos products 
Cork-and-rubber 
Cork composition 

Rubber and plastics 

Paper 

Leather 


Composite and miscellaneous gas 
kets 


Armstrong Cork Co., 


Cork-and- Rubber 


Cork Composition 


Rubber, Plastics 


Pa : 
Untreated 


Treated 


Combination 
Constructions 





E. C, FRAZIER 
Manager, Market Research 
Lancaster, Pa 


Special Characteristics 


Tough and durable. Dimension- 
ally stable Relatively incom- 
pressible. Good steam and hot 
water resistance. Oll and sol- 
vent resistance determined by 
characteristics of rubber binder 


Provides fluid barrier and resili- 
ence with compressibility. Prop- 
erties of flow versus compres- 
sion subject to controlled varia- 
tion. Lower tensile and elonga- 
tion properties than rubber. 
Chemical properties about same 
as base polymers. Higher in cost 
than cork composition or fiber 
types, but lower than straight 
rubbers. Does not extrude from 
joint. Die cuts well. High coeffi- 
cient of friction 


General-purpose material. Vari- 
able as to binder, texture and 
hardness (density). Compressi- 
ble. High friction whether dry, 
wet or olly. Low cost. Excellent 
oll and solvent resistance. Poor 
resistance to alkalies and corro- 
sive acids. 


Highly adjustable according to 
compounding, hardness, modu- 
lus, fabrie reinforcement, etc 
Generally impervious. Not com- 
pressible 


Low in cost; noncorrosive. 


General-purpose material having 
better tensile strength than cork 
composition, but less compressi- 
bility. Good oil, gasoline and 
water resistance, but alternate 
wet and dry cycles may cause 
shrinkage and hardening of some 
types 


Tough; porous; abrasion-resist- 
ant; flexible at extreme low 
temperatures. Tanning and im- 
pregnation are important vari- 
ables. Can be molded to simple 
shapes—cups, V's U's. 


Innumerable modifications avail- 
able, depending on materials 
used and methods of combining. 


General Uses 


bolted and threaded 
joints, as in water and steam 
pipe fittings, manifold connec- 
tions. Temperatures to 500 F. 


Heavy-duty 


General-purpose gasketing, ex- 
cept steam lines, combustion 
chambers, ete. Enables design 
of metal-to-metal joints with 
gasket positioned in channel or 
counterbore, with no allowance 
for flow. High friction keeps 
gasket positioned even where 
closing pressure is not perpen- 
dicular to flange faces. 


Mating rough or irregular parts, 
as glass, light stampings, unfin- 
ished castings. Oil sealing at low 
cost in normal range of tem- 
peratures and pressures 


Installations involving stretch- 
ing over projections, or where 
flow of gasket into threads or 
recesses is desired. For lowest 
compression set and maximum 
resistance to fluids such as al- 
kalies, hot water and certain 
acids. Ability to be molded per- 
mits use for special design and 
assembly conditions. 


Spacers, dust barriers, splash 
seals, where breathing and wick- 
ing not objectionable. 

Machined or reasonably uniform 
flanges where adequate bolt 
pressures can be applied. Rela- 
tive firmness and high tensile 
strength permit use of thin gas- 
kets to give good alignment of 
covers and connected parts. 


Widely used in dynamic packing 
applications and as back-up for 
rubber O-rings in high-pressure 
joints. Avoid steam, acids, al- 
kalies 


Usually employed for extreme 
conditions and special purposes. 
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(per cent) 


Compression 


Asbestos fier 








Cork composition, continuods elostomeric Pinder 


Impregnoted gosse’ paper 


Rubberized) asbestos cio SS Ee and 


Rubber imp@regnoted clot 


Asbestos fiber, rubber depter- soturoted 
j 


Gasket Material 


Cork compesiton, protemn binder 





Asbestos with binder, 1 in. thick 


Asbestos with binder, 1/16 in. thick 


Asbestos with binder, 1/32 in. thick 
Asbestos fabric, rubber-filled, 3 ply 
Asbestos fabric, rubber-filled, 2 ply 


Cork ond rybber, Mu G-6)e3 


Asbestos fabric, rubber-filled, 1 ply 


Cork composition 


Cork-and-rubber 


Rubber, below 75 Shore Durometer 


Rubber, 75 or higher Shore Durometer 


Rubber with cotton fabric insert 


Teflon, 


4 in. thick 


Teflon, 3/32 in. thick 


Teflon, 1/16 in. thick 





Clamping Load (psi) 


Fig. 1—Compression for different clamping loads for common gasket 


materials. 


Asbestos Products 


Two types of asbestos fiber are im- 
portant for gasket manufacture: 

|. Chrysotile: Common white asbestos. 

This is a mineral consisting mostly of 

magnesium silicate with approximately 

14 per cent water of crystallization. It 

has little resistance to strong mineral 

acids, but may be used with weak acids 
and with most alkali solutions. 

2. Crocidolite: More commonly known 

as blue asbestos. This material is a 

sodium-iron-silicate complex used in the 

manufacture of acid-resistant gaskets. 

Asbestos fibers retain most of their in- 
herent strength up to about 750 F. Above 
that temperature, they lose water of crys- 
tallization, a process which becomes in- 
stantaneous at about 1300F. Then they 
can be powderized by slight rubbing. 
Most authorities regard SOO0F as a con 
servative limit. 

Asbestos gaskets and compositions with 
asbestos fibers have good resistance to 
crushing loads and to cutting action of 
narrow and sharp-edged flanges. They 
also have good dimensional stability. 

Pure asbestos products are very low in 
strength and high in porosity. For this 
reason, asbestos is almost always used 
with other products. It may be processed 
with metallic or cellulose fibers for 
strengthening; with binders and saturants 
for greater imperviousness; and it proves 
a good mixer when added as a filler to 
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Teflon, 1/32 in. thick 


Vegetable fiber 





rubber and plastic compounds, Fig. 2. 


Principal Asbestos Materials: Main types 
of asbestos gasket materials are: 

Rubber-Asbestos Compositions: These 
include “compressed asbestos” and several 
other forms of asbestos sheeting or com- 
position which duplicate physical proper- 
ties and general fields of application of 
compressed asbestos. This is the most im- 
portant commercial classification. 

Woven and Braided Asbestos: Fibers 
may be processed into cloth and other 
special forms, softer than the compressed 
sheets and susceptible to saturation with 
special treatments. 

Millboard and Paper: These materials 
are relatively pure forms of asbestos fiber, 
bonded with starch or sulphites. 


Rubber-Asbestos Compositions: Rubber- 
asbestos sheets vary in appearance accord- 
ing to the formula and process of manu- 
facture. Compressed asbestos is made by 
calendering a dough of asbestos fibers and 
rubber cement. It has a pronounced 
grain effect, and close examination will 
usually reveal clumps of undispersed as- 
bestos fibers. The resulting product is 
characteristically rather hard and unyield- 
ing. It is also tough and dimensionally 
stable. 

Several other methods of manufacture, 
including latex treatment of asbestos paper 
or impregnation of asbestos felt with a 
rubber solution, provide gasket materials 


having similar characteristics, although 
less hard and more resilient. Treatment 
of asbestos fibers with rubber latex prior 
to forming the sheet, a process commonly 
known as beater saturation, is a com- 
paratively recent development which of- 
fers further advantages of a more homo- 
geneous, nondirectional product of greater 
flexibility and resilience. 

Compositions of rubber and asbestos 
may be made with natural rubber or 
with practically any of the synthetic 
types. When made with natural or GR-S 
rubber, the materials are not classed as 
oil-resistant. When neoprene is employed, 
the product is classed as oil-resistant; and 
the use of nitrile rubber makes for still 
greater oil and aromatic fuel resistance. 
The rubber binder typically constitutes 
10 to 25 per cent of the total weight. 

Compressed asbestos is best used where 
bolting pressures are rather high; there 
is sufficient compacting of the structure 
to make the material impermeable. Com- 
pared with more yielding gasket materials, 
compressed asbestos requires a relatively 
heavy load to achieve intimate contact 
with flange faces. Compressed asbestos is 
used in relatively heavy, rugged construc- 
tions employing rigid flanges with ade- 
quate bolting capacity. 

Compressed asbestos has little elasticity. 
After the bolts have pulled up to the point 
where the gasket is well seated and has 
conformed to the irregularities of finish 
and alignment in the joint, it has scarcely 
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more yielding than the metal components 


themselves. 


Cost Factors: Rubber-asbestos composi- 


tion sheets are furnished in various 
grades, with o wide range in prices. This 
price differential is due to varying costs 
of the different types of rubbers used and 
also to the amount of mineral fillers 
employed. Rubber-asbestos materials are 
furnished either in sheets, in rolls, or as 
die-cut parts. They are sold in 120 by 
120 or 150 by 150 in. sheets or are cut 
to small segments, such as 40 by 40 or 
50 by 5O in. 
in continuous roll form are generally 24 
in. or greater in width and are packaged 


in standard units such as 25 or 50 square 


Those products available 


Usual thicknesses are 1/32 and 
generally specified as the mini- 


yards. 
1/16 in, 
mum. Gasket applications generally do 


not require a thickness in excess of 


~ in. 


Woven and Braided Asbestos: Asbestos 
fibers may be spun into yarn, and the 
yarn woven into fabric or braided into 
rope-like formations. The yarn may be 
reinforced with metallic wire or strands 
of cotton. But, reinforcement lowers the 
heat resistance. Braided styles are fre 
quently impregnated with a lubricant and 
graphite treatment. Both blue and white 
asbestos fibers are made into woven 
fabrics, although the blue asbestos is gen- 
erally reserved for difficult acid applica- 


tions. 

Braided materials are used for packing 
in stuffing boxes. For these purposes, 
they are furnished either in the form of 
Woven fabrics 


may be die cut to various sizes and 


coils or split-wall rings. 


shapes, but the fabric is more likely to 
be rubber treated and folded and pressed 
to make rings, ovals, squares, and other 
shapes as required. Asbestos tape is made 
from folded cloth, asbestos fabric is also 
continuous-length tubular 
gasketing and is used for steam service, 


formed into 


hand holes, manholes, heater doors, etc. 


Millboard and Paper: Asbestos mill- 
board and paper is used as soft fillers for 
metal-jacketed or other reinforced con- 
structions. Automotive cylinder-head gas 


kets are one of the most important uses 


Cork-and-Rubber 


Cork and rubber are materials of very 
different attributes. Cork is compressible. 
Application of a load causes a reduction 
in volume with negligible flow, Fig. 3, 
and it has excellent recuperation charac 
teristics. Rubber is incompressible, since 
no volume decrease will occur. Hence, 
side flow takes place as pressure is ap- 
plied 


Cork-and-rubber gasket materials are 


vulcanized compounds of natural or syn- 


thetic rubber and conventional rubber 


compounding ingredients mixed with 


o4 


cork. Of the synthetic rubbers, the GR-S, 
nitrile, and neoprene types are most gen- 
erally used. Cork can be combined most 
readily with those rubbers which cure 
at moderate vulcanizing temperatures. 


Characteristics: Compressibility and 
flow characteristics of cork-and-rubber 
can be controlled and combinations pro- 
duced which are nearly as compressible 
as cork, or almost as incompressible as 
straight rubber. This is determined large- 
ly by the ratio of cork to rubber, but 
can be affected by size of the cork 
granules. 

Cork is almost completely unaffected 
by petroleum derivatives and may contrib- 
ute a quality of inertness and resistance 
to swell. It is not affected by age. 

Since the rubber binder is the continu- 
ous phase of these materials, they are 
essentially impervious to gases and li- 
quids. Cork-and-rubber requires virtual- 
ly no pressure to promote intimacy of 
contact between gasket and flange faces. 

A cork-and-rubber gasket stays put in 
a joint, even when oil or other lubricant 
is present, because the material does not 
flow or extrude appreciably, and the cork 
granules which are exposed at the surface 
resist sliding on the flange. Elasticity of 
the material is quite good at normal tem- 
peratures, although some compression set 
will occur at elevated temperatures and 
under Cork-and- 
rubber will usually become strongly ad- 
herent to metal flanges in the course of 


prolonged pressures. 


time. 

Chemical properties of cork-and-rubber 
are largely the result of the type of rubber 
with which it is compounded. Cork 
should not be used under strongly alka- 
line or acidic conditions. Cork-and-rub- 
ber materials are likely to swell when in 
contact with aqueous solutions. But, this 
is due to mechanical release of the forces 
of compression in the cork granules which 
occur during manufacture, and is not an 
indication of deterioration. 


Cork-and-rubber is best used at tem- 
peratures below 160F. In some cases, it 
may perform satisfactorily in the range 
of 250F. Materials compounded with 
some of the new synthetic rubbers based 
on polyacrylic esters may be used at tem- 
peratures in excess of 300F. 


Cost Factors: Considerable variation is 
possible in the proportion of cork to rub- 
ber, and in the type of rubber employed, 
so there is a wide price range for cork- 
and-rubber materials. 

A composition of reclaim rubber and 
cork will cost very much less than a mate- 
rial made with one of the higher-priced 
synthetic rubbers. Cork-and-rubber is 
generally higher priced than cork com- 
position and vegetable-fiber sheet pack- 
ings, and about the same or a little lower 
higher-grade rubber-asbestos 


Its cost is usually lower 


than the 
compositions. 


than that of high-quality straight-rubber 
sheets, based on the same polymer. 

Fabrication factors may affect cost 
comparisons with other materials. Where 
the parts involved are plain rings, they 
may be made more cheaply from cork- 
and-rubber by slicing from tubes than 
by die cutting from cork-composition or 
vegetable-fiber sheets. Compared with 
straight rubber gaskets, cork-and-rubber 
gaskets may be less expensive, depend- 
ing upon quantity; the material lends 
itself to die cutting and machine fin- 
ishing at rates which may be more fa- 
vorable than individual molding. 

Cork-and-rubber is most generally 
furnished as sheets split from blocks. A 
standard size is 36 by 36 in., and any de- 
sired thickness from 1/32 to % in. or 
more may be obtained. 

Various styles of tape and ribbon 
are available. One useful variety is a 
chemically blown cork-and-rubber ma- 
terial with fabric reinforcing back, to 
which is applied a pressure-sensitive ad- 
hesive. The characteristic properties of 
cork and rubber are best preserved by 
die cutting or machine shaping from 
blocks and sheets. 


Cork Composition 


Cork is cellular rather than fibrous 
These very minute cells contain air, aré 
surrounded by a membrane of cellulose, 
and are cemented together by a natural 
resin. Application of pressure compresses 
the air within the cells, and deformation 
is almost entirely in the direction of the 
applied pressure. 

Cork is noncapillary, light in weight, 
does not deteriorate with age, is prac- 
tically inert, and has a high coefficient 
of friction. In its natural unprocessed 
state, cork is highly variable in texture, 
quality and size, and is best used in 
combination with other materials. 

Cork compositions are made by com 
bining granulated cork with a suitable 
binder under heat and pressure. Because 
of its combination of softness and re- 
sistance to liquid penetration, and _ its 
compressibility, cork composition is suited 
for many mass-production applications 
involving the mating of rather irregular 
surfaces where temperatures are mod 
erate and internal pressures are low. 
Cork gaskets are valuable in applica- 
tions involving widely spaced bolts and 
light construction, in which bowing is 
inevitable. Another type of application 
where cork is often used is the joining 
of glass or ceramic parts to metal. Tol 
erances are very wide in such assem- 
blies, and cork can be helpful in pro- 
viding a shock-absorbent cushion for the 
glass and ceramic components. 


Characteristics: Granule size is of little 
importance in determining physical prop- 
erty differences. In a typical gasket com- 
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Fig. 3—Cork cells, magnified 200 times. 
Cork is a pneumatically compressible 
material, since each cell is enclosed by 
an impermeable membrane. When it is 
compressed, the cells act as miniature 
air pockets, and pressure increases in 
each cell while volume decreases. 


position, the proportion of cork to binder 
is approximately 70 to 30 by weight. 
Binders are generally plasticized protein 
(glue-glycerine) or resin. Rubber cements 
and latexes are sometimes used. Protein 
binder materials are generally favored, 
since they are more permanently flexible 
and stable in compression properties and 
dimensions. Resin binders are more re- 
sistant to fungus, acids, and weather ex- 


posure. 


Weight per cubic foot is determined 
by the amount of loose mixture of cork 
and binder that is compressed within 
a given mold size. Tensile strength varies 
directly with density, and compressibility 
varies inversely with density. 


Densities of gasket compositions range 
from approximately 14 to 30 pounds per 
cubic foot. Materials running as low as 
10 or 12 pounds per cubic foot and as 
high as 40 pounds per cubic foot have 
been made for special applications. 

Cork composition is light tan or buff 
in color and is sometimes miscalled cork- 
board. Corkboard is a reddish-brown, 
lightweight, boardy material used for 
low-temperature insulation. It is friable 
in thin sections and unsuited for gaskets. 
Natural resins, activated by the high 
baking temperature, are the sole bind- 
ing agent in corkboard. Cork composi- 
tion, on the other hand, is always com- 
pounded with added binder. 

When engaged in sealing fluids, cork 
composition is sufficiently impervious to 
hold moderate pressures. However, when 
dry it may be slightly permeable to air 
or gases, due to the presence of minute 
voids between granules which have not 
been entirely closed by the forming or 
flange pressures. 

Cork is a very resilient material and 
keeps pushing back against applied pres- 
sure over a long period of time. This 
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action is favored by the swelling action 
of most fluids on the sealing edge of the 
cork gasket. This tendency to swell when 
wet is really a release of the forces of 
compression created at the time the gran- 
ules were originally compacted in form- 
ing the composition. Sustained high tem- 
peratures in excess of 160F tend to pro- 
duce a condition of permanent set. 
Cork composition is unaffected by oils 
and aromatic solvents. It does not take 
sustained contact with water too well and 
is rather readily disintegrated by alka- 
line solutions. Plasticizers are likely to 
be extractable in water, and cycles of al- 
ternate wetting and drying produce pro- 
nounced shrinkage and hardening. 
Because of contained moisture and ‘in- 
herent acidity, cork compositions may 
encourage corrosion in aluminum and 
magnesium alloys, and to some extent 
in stainless steel. Fungus resistance of 
cork composition is very poor if the ma- 
terial is made with protein binder; fair- 
ly good if the binder is a phenolic 
resin. Protection is possible by suitable 
external treatments of finished parts. 
Fungicides incorporated into the binders 
do not penetrate the cork granules and, 
therefore, do not protect cut surfaces. 


Cost Factors: Cork composition is the 
cheapest of the efficient, soft gasketing 
materials. Plain paper and rag felt may 
cost less, but are not suitable for many 
of the same applications. 

Fabrication losses may affect the cost 
relationship between cork and other ma- 
terials. For example, rubber or cork-and- 
rubber produced as a tube and sliced 
into rings may lead to a lower cost for 
the finished ring than fabrication from 
solid sheets of cork. For another example, 
it is rarely practical to use cork in a 
thickness less than 1/16 in., whereas 
fiber gaskets may often serve the same 
application in a thickness of 1/32 in. 
This may occasionally alter the normal 
cost relationship in favor of the fiber. 


Cork composition gaskets are gener- 
ally produced by die cutting. Shapes 
which are not susceptible to die cutting 
may be produced by some combination 
of machine finishing operations, includ- 
ing sawing, slicing, sanding, grinding, 
boring and drilling. Some manufacturers 
have developed techniques for the pro- 
duction of wheels, ribbon, tubes, rods, 
logs, and even continuous sheet or roll 
goods, but these forms are usually for 
specific purposes other than gaskets. 

Since cork does not flow under pres- 
sure and requires the application of con- 
siderable heat to accomplish relaxation 
of the cells and to set the binder, it is 
economical to mold cork only into the 
simplest of shapes. Industry practice is 
to form it into mats or blocks several 
inches thick, from which sheets of any 
desired thickness may be split. Sheet 
sizes vary, but are quite generally in the 
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Rubber 


The term “rubber” covers several basic 
elastomers, each of which is capable of 
being compounded to give materials of 
limitless variety. Fortunately for the de- 
signer, most of these variations are con- 
cerned with chemical, solvent, and tem- 
perature response. And, the factors that 
the designer must know about for draw- 
ings and calculations are common to 
all forms of rubber and to rubber-like 
plastics. 

General properties and special charac- 
teristics of natural rubber and of the 
synthetic rubber-like materials are shown 
in Table 4. Each rubber, however, has 
certain characteristics worthy of further 
comment. 

Crude or Natural Rubber: Petroleum 
oils and fuels are natural enemies of 
crude-rubber compounds, causing them 
to swell and soften. Excessive swell is 
also produced by turpentine, carbon bi- 
sulfide, chloroform, and carbon. tetra- 
chloride. Vegetable oils, on the other 
hand, cause only moderate swelling. 
Glycerine, ethylene glycol and plain 
water cause negligible volume increase. 
Vulcanized compounds can be made to 
resist moderate concentrations of most 
inorganic acids, alkalis, and inorganic 
salts. Natural-rubber compounds will 
withstand continuous heat up to 160 F, 
although surges of intermittent exposure 
to 250 F may be tolerated quite well. 
Low-temperature flexibility is good at 

“65 F. 

Butyl Rubber: This copolymer of iso- 
butylene and isoprene shows excellent 
resistance to vegetable oils and to dilute 
organic acids and alkalis. Its high re- 
sistance to gas permeation accounts for 
many of its applications. Operating tem- 
peratures range from about —65 to 
+250 F. However, the vulcanizates of 
butyl rubber are inferior with respect 
to compression set and lacking in solvent 
resistance. It is not an important raw 
material to the gasket industry. 

Styrene Type: ‘This general-purpose 
rubber is known as Buna S or GR-S. 
It is a copolymer of butadiene and sty- 
rene, and in general employs the same 
compounding ingredients and fabrication 
methods, and is vulcanized in about the 
same manner, as natural rubber. 

Acrylonitrile Type: Often shortened to 
“nitrile rubber,” this type is also known 
as Buna N. It is a copolymer of bu- 
tadiene and acrylonitrile. The vulcani- 
zates have good physical and heat-re- 
sistant properties and are characterized 
by extraordinary resistance to the swell- 
ing action of petroleum oils, fuels and 
solvents. Nitrile-rubber compounds also 
have the interesting property of being 
resistant to the natural forces of ad- 
hesion which often cause rubber to ad- 
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Aging Resistance: 
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High aniline 
Gasoline Resistance: 
Aromat 
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*Code for main part of table: E—excellent; 
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here to adjacent metal parts. 

Chloroprene: More generally known as 
neoprene, this rubber is a polymer of 
It can be compounded, 
and like natural 


requires no sulphur to ef- 


chlorobutadiene 
fabricated, vulcanized 
rubber, but 
fect 
than the nitrile types, and the products 


vulcanization. It is easier to handle 
are stronger and more resistant to ozone 
and corona, although not quite so good 
resistance. 


in respect to oil, fuel or heat 


Polysulfides: Marketed under the name 
Thiokol, these rubbers are more thermo 
plastic and less heat resistant than other 
characterized by 
they 
resistance of the 

rubbers. How 


natural and 


synthetics, and are 


strong odors. However, have the 


best 


commercially 


over-all solvent 
available 
ever, no over 


GR-S is evident in polar fluids. 


superiority 


Silicones: The silicones have good heat 
stability 
They 

properties 
door weathering resistance. Silicone rub 
ber has good resistance to high aniline 


and low-temperature flexibility. 


also possess excellent dielectric 


and good oxidation and out 


reacts unfavorably with 
and with 


point oils, but 


oils of low aniline point aro- 


matic and nonaromatic gasolines. It de- 


teriorates if used in contact with steam 


under pressure. Silicone rubber is some- 


what lower than others in_ tensile 
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strength, tear resistance, ultimate elonga- 

tion and abrasion resistance. Therefore, 

usefulness of silicone rubber is generally 

considered as being limited to static 

sealing applications, and where its wide 

operation temperature range (from about 
100 to +400 F) is needed. 


A special virtue of silicone rubber is 
that it does not stick to metal surfaces 
at high temperatures and, while in many 
of its physical and chemical properties 
it is quite similar to the fluoroethylene 
thermosetting resins, it is actually more 
like a true rubber in its compression and 
extensibility characteristics, and in_ its 
ability to be molded and vulcanized to 


special shapes. 


Rubber Characteristics: Rubber is in- 
compressible. It can be deformed with 
more or less ease depending upon hard- 
ness and cross section, but a true rub- 
ber compound cannot be reduced in vol- 
room for flow or de- 
be provided. Or, con- 
versely, it may be necessary to com- 
pletely or partially confine the rubber to 
control amount of deformation or flow 
which occurs when pressure is applied. 


ume. Therefore, 


formation must 


Rubber is extensible. As in the case of 
incompressibility, this property of ex- 
tensibility can be a two-edged proposi- 


tion, offering design possibilities on the 
one hand and possibly requiring design 
and assembly controls on the other hand. 
Rubber’s extensible properties are very 
valuable when it is necessary to assem- 
ble a gasket over a projection or shoul- 
der, perhaps with the idea of having it 
snap tight within a groove. Except for 
some plastics, rubbers are the only ma- 
terials that will stand this kind of treat- 
ment. On the other hand, the very 
stretchiness of rubber encourages abuse in 
the form of overstretching, and the gas- 
ket may not always return as planned 
to its original size. 

Rubber is highly impermeable. Neo- 
prene and butyl rubber 4are outstanding 
in this respect. Very liitle flange pres- 
sure is required to accomplish intimate 
contact with the face of a rubber gasket. 
Rubbers most commonly used have a 
hardness below 80 Shore A. For com- 
pounds over 80 in Shore Durometer 
hardness, contact pressure is likely to 
approach that required to rubber-asbes- 
tos composition sheets. 

Rubber has sufficient elasticity to fol- 
low well the movements of the flange 
surfaces. The best compounds for gasket 
use are those which have been formulated 
for low compression set. If the gasket is 
not confined, it may tend to walk out of 
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the joint with successive tightenings of 
the bolts; or may fail through rupture if 
overstressed. 

Rubber compounds other than silicones 
are best used at ambient temperatures not 
over 160 F. Low-temperature flexibility 
is highly variable according to the elasto- 
mer being employed, but compounding, 
and especially choice of plasticizer, has a 
profound effect upon this basic character- 
istic. Since it does not absorb and hold 
moisture, a rubber compound is not like- 
ly to cause corrosion of flanges but, de- 
pending upon the metals employed, some 
staining or other reaction may occur due 
to certain of the compounding ingredients. 
For example, silver tarnishes readily in 
contact with rubber which has been com- 
pounded with sulphur. 


Forms and Uses of Rubber: Rubber is 
best used in situations where controlled 
deformation is a feature of the design. 
The ordinary type of flanged joint, 
wherein the gasket is subject to straight 
compressive stresses, does not utilize rub- 
ber’s unique properties to any appreciable 
extent. 


Sheet Rubber—Solid: Many pipe-flange 
gaskets in systems handling aqueous solu- 
tions at moderate pressures and tempera- 
tures are made from rubber. If no petro- 
leum oils are present, GR-S and natural- 
rubber compounds made in the form of 
what is commonly known as “red-rubber 
sheet packing” are popular general-pur- 
pose materials. They contain quite a bit 
of filler so that the tendency to extrude 
or flow under compression is not accent- 
uated. Gaskets made of compounds not 
so highly loaded with inert filler will 
tend to walk out of the joint if they are 
too thick, are too greatly stressed, or if 
the flanges are oily. Load-deflection 
characteristics of rubber in this form 
change with thickness and width of face. 
This makes design calculations difficult. 
Except in very thin sheets, die cutting is 
likely to introduce concavity and taper- 
ing of edges, which may be objectionable. 
When die cutting from thin sheets, the 
material is likely to be too easily de- 
formed for accurate die cutting. This is 
countered in some instances by the use 
of fabric insert compounds. 


Sheet Rubber—Cellular: Of the two 
types of cellular rubber—closed cell and 
interconnected cell—the former has sev- 
eral advantages for gasket work. Most 
evident of these is its ability to resist 
passage of moisture. Both types are an 
approach to the problem of making a 
truly compressible rubber material, which 
will respond to applied pressure in a 
“pneumatic” fashion. Applications for 
cellular rubber are very similar to those 
in which cork composition is also used. 
It is especially well adapted to gasketing 
between members which are rather fragile 
and irregular. Little pressure can be held 
with cellular rubber, and its principal 
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function when used as a gasket is to pre- 
vent entrance of moisture and dust to the 
interior of an assembly. 

Molded Rubber: Rubber reaches the 
height of its usefulness as an engineering 
and gasketing material in applications em- 
ploying special cross sections which are 
obtained by techniques of molding and 
extrusion. One of the most useful stand- 
ard molded forms is the well-known 
O-ring, which will be discussed later. 

One of the limitations to the use of 
molded rubber parts is cost. Molding of 
rubber is most feasible when quantities 
are sufficient to justify mold costs, and 
when by molding the loss of scrap can be 
minimized. 

Lathe-Cut Rings: It is quite feasible 
to purchase square or rectangular cross- 
section rings produced by slicing from 
tubes, and in assembly to distort these 
simple rings to various other shapes such 
as triangles and rhomboids. This system 
is more flexible and less costly than pur- 
chasing parts molded to the final shape. 

Machine-Finished Parts: Rubber can 
sometimes be machine finished by proc- 
esses of slicing, grinding, punching, sand- 
ing, etc., but this type of production is 
not often practiced except for the produc- 
tion of small quantities; or where it has 
been found feasible to purchase a stand- 
ard, mass-produced part and by a small 
alteration such as the grinding of a bevel, 
make it into a desired part. 


Fluoroethylene Polymers 


Sold under the trade names Teflon, 


Kel-F, and Fluorothene, fluoroethylene 
polymers are distinguished by a number 
of unusual properties. These include: 
Chemical inertness, toughness over a wide 
temperature range, resistance to high tem- 
perature, extremely low dielectric loss over 
a wide range of frequencies, and resist- 
ance to almost all solvents. 

Teflon TFE has superior physical prop- 
erties and is usable over a wider tem- 
perature range than Kel-F, but the latter 
is likely to be less costly and more versa- 
tile in fabrication. Teflon TFE has a 
remarkable range of working temperatures 
from below 90F to _ approximately 
+480 F. Kel-F is less resistant to soften- 
ing at temperatures over 300F, and is 
adversely affected by ultraviolet light and 
X-ray exposure. 

These plastics are supplied in standard 
shapes: Sheets, rods, tubes, and tape; as 
molding powder—shredded and granular; 
and in the form of suspensoids—stable 
aqueous dispersions containing 50 per cent 
solids. 


Solid TFE Plastic Gaskets: These gas- 
kets are produced by die cutting from a 
molded sheet, by slicing from the end of 
a molded cylinder, or by molding directly 
from powder. They are installed in 
flanges of standard design. Raised face 
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flanges are normally used for low pres- 
sure, that is 150 to 300 psi. For higher 
pressures, some confining arrangements 
such as tongue and groove, or male and 
female, is used. Solid gaskets of TFE 
plastic have given satisfactory service in 
tongue and groove flanges at pressures 
as high as 30,000 psi. 


TFE plastic is incompressible, like rub- 
ber, flowing under pressure. But, gasket 
design for it generally follows compressed 
rubber-asbestos practice. There is a sim- 
ilar lack of resiliency in both materials. 
This presents a problem in operations or 
situations where variation in temperature 
changes the pressure on the gasket 
through expansion and contraction of the 
flanges and bolts. Sometimes  spring- 
loaded bolts offer a solution in these 
cases. 

Coefficient of thermal expansion of 
TFE plastic is about twice that of alumi- 
num, and this must be taken into ac- 
count in any design situation where the 
part is likely to be confined. 


Envelope Gaskets: These TFE plastic 
types were developed for glass, porcelain, 
and glass-lined equipment where mis- 
alignment of flanges and low bolting 
pressures result in failure to seat solid 
TFE plastic. Envelope gaskets are also 
used for those diameters larger than 24 
in., or beyond the size in which solid gas- 
kets are available. The usual construc- 
tion is the so-called “French” type, con- 
sisting of a rather soft filler covered by 
a jacket or envelope of TFE plastic. De- 
pending on the service, the filler material 
may be fabric-reinforced rubber, asbestos- 
rubber, plain asbestos paper, and metallic 
and other types of materials. 


Spiral-Wound Gaskets: Spiral-wound 
metal gaskets with a filler of TFE plastic 
are made in a range of shapes and di- 
mensions. The chemical resistance of 
TFE plastic, combined with the strength 
of the metal, provides a gasket especially 
suited for high-pressure chemical service. 
Stainless steel, Monel and other metals are 
used, depending upon the chemicals to 
which the gasket is to be exposed. Spiral- 
wound gaskets have a mechanical “kick 
back” action built in, due to the shaping 
of the metal. They require rather heavy 
bolting pressure to accomplish initial seat- 
ing, and they are expensive compared 
with ordinary flat gaskets. 


Impregnated-Fiber Gaskets: Many of 
the valuable attributes of TFE plastic are 
obtained at relatively low cost by im- 
pregnating suitable fiber sheet materials 
with TFE plastic suspensoid. The fiber 
most generally used is asbestos. The 
coating of Teflon protects the asbestos 
from chemical attack. The combination 
of blue asbestos and TFE plastic should 
result in a highly acid-resistant gasket 
at moderate cost. 
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Fig. 4—Fibrated leather, enlarged 25 
times. Leather is a complex porous 
organic substance, with long tough, in 
terlocking fibers, as indicated here 


Paper 


Gasket papers are made from organic 
fibers, especially vegetable fibers or as 
bestos (mineral) fiber materials which 
have been described. 

Untreated papers useful for gasket work 
run the entire gamut of paper production 
including such diverse types as plain 
brown wrapping paper, fish paper, draw 
ing paper, chipboard, tagboard, rag felt 
etc. 


Untreated papers ere generally used 
where service conditions are no more se- 
vere than the setting up of a barrier 
against the passage of dust particles or 
They are also used where the 
requirement is simply for a spacer, as 
in the mounting of a radio speaker 


splash. 


Glue-glycerine saturated papers, while 
being replaced in many applications by 
the newer latex solution-saturated and 
beater-saturated materials, still have the 
honor of being the most widely used 
gasket material 
Where extreme compressibility is not re 


general-purpose, soft 


quired, it will do many of the jobs as 
sociated with cork composition. Where 
extreme stability, heat resistance and 
toughness are not required, it will d 
many of the jobs associated with com 
pressed asbestos. It is best used with 
moderate 


oils and gasolines to hold 
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Fig. 5 
chemical service 
service. 


Tefion shield 


Combination gaskets of jacketed types. 


pressures and at moderate temperatures 
not exceeding 160F. Its use is particu- 
larly to be avoided in any application 
involving contact with alkalies, strong 
acids, steam, and alternate wetting and 
drying. 


Latex-saturated papers, particularly the 
beater-saturated types, perform compar- 
ably with the glue-glycerine types in gen- 
eral oil and gasoline services. In addi- 
tion, they have certain advantages over 
glue-glycerine sheets: 1. Nonextractable 
binders permit use in water and alter- 
nate wet and dry services. 2. The latex 
type is less likely to encourage corrosion 
of flanges. 3. The latex type is generally 
more resistant to fungus attack. 


Vulcanized fiber is a treated paper oc- 
casionally used for gaskets. Because of 
its hardness it is generally limited to 
those applications in which the gasket 
must be highly incompressible or must 
serve as a shim. Vulcanized-fiber gas- 
kets are frequently coated with a thin 
film of synthetic rubber to help effect 
complete contact between gasket and 
flanges. 


Characteristics: Untreated papers are 
highly permeable, and are likely to re- 
main so even under compression and 
after having been saturated with the con- 
tained fluids. They are not generally 
used as a fluid barrier but rather to pre- 
vent entrance of dust or to hold against 
splash of internal or external liquids. Hard 
or soft papers are used according to the 
nature of the joined surfaces. Treated 
papers are moderately impermeable, a 
property which increases as the gasket 
is placed under compression. Solution- 
saturated materials are more impermeable 
in the unconfined state than are beater- 
saturated materials. The latter require 
compression to close the voids which are 
inherent in any fibrous structure. 

A moderate amount of pressure, 500 to 
1000 psi, is required to obtain an initial 
seating of flange to the gasket. Treated 
papers will hold against surprising!y high 
pressures. A thin gasket with long 
stretchy bolts will insure follow-up pres- 
sure after the gasket has taken its perma- 
nent set. 

For treated papers, the best fields of 
ipplication are for the sealing of oil, 
rasoline, and in some cases cold water. 


Soft filler Metal 


Water service should be avoided with 
those materials which contain glycerine 
because of the extraction that will occur, 
followed by shrinkage and hardening of 
the gasket. Rubber-latex, beater-saturated 
types do much better in this class of serv- 
ice. Fungus resistance is inherently poor 
in plain or protein-saturated materials, 
fair to good in latex or resin-treated 
stocks. Fungicides may be added to 
saturants by the sheet manufacturer, or 
employed as external treatments by the 
fabricator or user. 


Cost Factors: Untreated paper gaskets 
are generally quite inexpensive—probably 
the cheapest gaskets obtainable. Treated 
papers are intermediate in cost, generally 
running higher than cork composition but 
below compressed asbestos. 

All types of treated and untreated pa- 
pers are supplied in sheets and rolls; 
usually single ply up to 1/16 in. thick- 
ness and in multiple plies or laminations 
for greater thicknesses. Die cutting is 
the usual method of fabrication of gaskets. 


Leather 


Of the gasketing and packing materials 
in general use today, leather is probably 
by far the oldest. Leather products can 
be placed in four categories: Rawhide, 
which is not tanned and not used for 
gaskets; vegetable tanned, mineral tanned, 
and combination tannages. For many uses, 
impregy ation as well as tanning is re- 
quired. Waxes, resins and synthetic liquid 
polymers are all used as impregnators. 

Because of its remarkable combination 
of toughness, pliability, strength, resistance 
to abrasion, and ability to hold lubricat- 
ing fluids in its fibers, leather is con- 
sidered an outstanding product for dy- 
namic packing applications. 

As with most natural products, leather 
is highly complex, but may be described 
as being made up of interwoven fiber 
bundles possessing a roughly directional 
weave, and at the same time, a complex 
nondirectional interlocking, Fig. 4. This 
construction produces a closely knit, tough 
material capable of strong resistance against 
stresses which tend to wear, distort, or 
rupture it. 

Its porosity makes leather susceptible 
to impregnation, which enhances __its 
natural usefulness. The practice of im- 
pregnating leather originated a long time 


| | ft filler Metal 


Teflon-jacketed gaskets are used for corrosive 
Metal-jacketed types are used for general purpose gaskets and for steam 
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ago, and new impregnating materials and 
techniques have come into use to cope 
with increasingly high pressures, and new 
chemical and physical conditions. 

Tensile strength is highly variable, but 
will generally exceed 3000 psi. Leather 
is highly resistant to abrasion. This prop- 
erty seems to be independent of whether 
the grain side or the flesh side of the 
leather is exposed to abrasive contact. 

Ability to remain flexible at extreme 
low temperatures is one of leather’s most 
useful properties for modern industrial 
and military equipment. 

The ability of leather to be deformed 
is contingent upon the character of the 
tannage and impregnation that has been 
employed, yet it does rate as a compara- 
tively easy material to force into contact 
with metal flanges. The flanges should 
be flat, rigid and smoothly finished. Un- 
der heavy mechanical pressures, leather 
tends to extrude. Therefore, leather wash- 
ers and gaskets are best used in a recess. 

When properly impregnated, leather can 
withstand temperatures from ~—70F to 
+220F. It will also be reasonably im- 
pervious to the effects of oil, gasoline, 
gases or fumes. On the other hand 
leathers not tanned and impregnated for 
the conditions will be completely de- 
greased by exposure to gasoline and alco- 
hol, and will dry out and become brittle. 
Leather is never recommended for steam 
pressure of any type, nor for use in acid 
or alkali solutions. 


Combination and 
Miscellaneous Gaskets 


Laminated Materials: The purpose of 
laminating is usually to combine the 
properties of a strong but relatively im- 
compressible material with those of a 
highly compressible but perhaps weak ma- 
terial. 

For example, vegetable fiber and cork 
composition have approximately the same 
chemical properties and the same response 
to atmospheric conditions. Hence, they 
are easily combined by processes of lami- 
nation and, depending upon the ultimate 
use, the cork may serve as the center 
filler or the fiber may occupy this posi- 
tion, 
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Fig. 6 — Corrugated- 
metal combination gas- 
kets with asbestos 
filler. 


Fig. 7 — Spiral-wound 
combination gasket. 


Low-cost automotive cylinder head gas- 
kets are sometimes made by attaching a 
sheet of asbestos millboard to each side 
of a steel sheet. The steel is perforated 
in such a way that small prongs or 
stakes hold the asbestos in place mechani- 
cally, 

Jacketed Types: Jacketed gaskets, Fig. 5, 
usually consist of a center filler to which 
has been applied a metallic or nonmetallic 
outer covering or envelope. The purpose 
of the jacket is to protect the filler ma- 
terial against some conditions of service 
to which it is vulnerable. 

For example, Teflon-jacketed asbestos, 
rubber and other filler materials, Fig. 5, 
are used for the gasketing of glass lined 
vessels and piping as used for chemical 
processing. Metal-clad or metal-jacketed 
gaskets in a wide variety of designs are 
used for heat or erosion resistance. See 
Chapter 14 for a more detailed discussion 
of metallic gaskets. 


Corrugated Metal with Soft Fillers: Such 
gaskets are primarily for pipe connections, 
are circular in shape, and are subject 
to moderately heavy bolting pressures. 
They are particularly vseful for warped 
flanges. A closely related construction 
is the serrated metal ring having serra- 
tions packed with asbestos filler, Fig. 6. 


Spiral-Wound Gaskets: As illustrated in 
Fig. 7, this construction consists of plies 
of performed metal and asbestos or other 
filler strip. A center corrugation in the 
metal strip gives constant tension and re- 
silience when this type of gasket is under 
compression. This style is self-adjusting 
and noncorrosive. 


Flowed-In Gaskets: Applied as a liquid 
through a nozzle into a suitable groove 
or recess and then baked in place, syn- 
thetic rubber and resin compounds are 
used in such items as instrument-panel 
bevels and covers for food containers. 


Gasket Pastes: Spreadable compounds are 
gaskets which are intended to set up by 
air drying, or which may be designed to 
remain flexible indefinitely. They are 
relatively uncontrollable from the stand- 
point of installation, and very often do 
more harm than good in allowing the 
surfaces to slip. 
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Asbestos or teflon cushion 


Treatments and Coatings 


Synthetic Rubber: Neoprene applied as 
a dip coat to cork-composition oil pan 
strips for automobile engines resists oil 
penetration and loss of moisture, and pre- 
vents installation breakage. Thiokol coated 
fiber sheet materials help level the sur- 
faces and promote seating contact of 
these relatively unyielding materials to 
flange faces. 


Graphite: Applied as a dry flake or 
mixed with oil or in a water emulsion, 
graphite functions as a surface leveler and 
adhesion inhibitor. 


Adhesives: Usually of synthetic rubber 
or resin or combination, adhesives may 
be used wet or partly dry, or may be en- 
tirely dry with the idea of being reacti- 
vated by solvent or heat. They are 
used where an immediate permanent bond 
is desired, helping to keep the gasket 
and flange together in spite of wide tem- 
perature fluctuations and joint movement. 


Fungicides: Materials such as beta- 
naphthol, pentachlorophenol, _ salicylani- 
lide, and various copper and mercury 
compounds are used to resist mold growth 
either as an integral part of the composi- 
tions, or as surface treatment. If fungicidal 
treatment is to protect gaskets only during 
shipment and storage, formaldehyde pow- 
der dusted in cartons may be adequate. 


Reflective Coatings: Aluminum paint or 
lacquer applied as a dip serves as re- 
flective insulation offering some protection 
to gaskets located near a source of heat. 


Oil or Hot Paraffin: Such materials 
may be applied by dipping to vegetable 
fiber and cork composition gaskets to 
prevent drying out under adverse condi- 
tions of storage. 


Tale or Mica Dust: Applied dry or in 
an adhesive vehicle, these materials are 
used to cut surface friction of gaskets and 
may be particularly useful in applications 
requiring rotation of parts to close the 
joint. 








Static O-Ring Seals 





A LL static O-ring seals are classified 
as gasket-type seals. Static O-ring 
seals are generally easier to design into 
a unit than are dynamic O-ring seals. 
Wider tolerances and rougher surface 
finishes are allowed on metal mating 
members. The amount of squeeze applied 
to the O-ring cross section can also be 
increased. Some types of nonmoving 
seals are used in flanges, flange fittings, 
flange unions and cylinder end caps, 
valve covers, plugs, et 

When used as gaskets for flanges and 
flange fittings, pressures as high as 
25,000 psi can be sealed, even with line 
vibration. Excessive bolt strain, often as 
sociated with common compression gas 
kets, is not encountered with static O-ring 
seals, because the nuts need only be 
tightened enough to obtain metal-to-metal 
surface contact. The flat flanges will not 
overstress or crack cast-iron fittings, which 
normally require special low-tension 
boliing. Nuts need not be tightened uni- 
formly as with common gaskets, and pipe 
dopes are not required. The O-ring can 
not shred or become nibbled or braided 
Hence, contamination of filters and 


clogging of pumps is prevented. No pe 











Fig. i—Basic rectangular groove for 
flange-type O-ring seal. The groove can 
be machined one half in the face plate 
and one half in the flange, a, or the en- 
tire groove can be cut in one member, 5. 


100 


MALCOLM H. EVERETT 


Application Engineer 


HOWARD G. GILLETTE 
Chief Chemist 


Precision Rubber Products Co., Dayton, Ohio 


O-Ring 
Dash 
Number 


004-045 
110-163 
210-281 
325-349 
425-460 


Actual 
O-Ring 
Cross Section 
(in.) 


0.070+ 0.003 
6.103 + 0.003 
0.139 0.004 
0. 210+ 0.005 
0. 275+ 0.006 











fa 














Applications of an O-ring to cylinder 
head covers, blind flanges, etc The 
higher the pressure, the tighter the 
seal This design automatically pre 
loads the O-ring in the groove. Nuts 
are tightened only enough to main- 
tain metal-to-metal surface contact 
This type of installation will seal high 
pressures without the excessive bolt 
stress necessary with conventional 
gasketed joints 











Two O-rings sizes used for sealing a 
rectangular pressure chamber. The 
outside O-ring is stretched in a groove 
und the capecrew heads are sealed by 
small O-rings in counterbore This 
design is a simple and effective meth- 
od of sealing X-ray heads, gear pump 
end-plates and other applications with- 
out requiring lapped surfaces 








O-ring Gasket as used on a flange 
union. The O-ring makes a tight seal 
when the union is screwed down 
finger-tight. The round-bottom groove 
has the same diameter as the actual 
cross section of the O-ring. The O-ring 
protrudes ,, to J, in. above the face 
of the flange re volume of the 
groove is calculated to be the same as 
the minimum volume of the O-ring 














A modification of the flange-type 
groove. This type of triangular groove 
is used where ease of machining and 
reduced cost are important. To insure 
an effective seal, the recommended 
dimensions and tolerances in Table 1 
should be used. This type of design 
makes an effective seal. However, the 
O-ring is permanently deformed. Pres- 
sures are limited only by the clear- 
ance between the mating metal sur- 
faces and the strength of the metal 
itself 


Fig. 2—Typical flange-type static O-ring seal designs 
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Cylinder wall 


riodic tightening of nuts is necessary to Body” 

: . P = . o y y f 
maintain a tight joint. Once the O-ring wt ee bg hye 
is installed, the operating pressure keeps O-ring weed to seal a hele. This con- on fitted wee ont enue bese Ga phate 

- . : : y means o e s. is ma 

the O-ring sealed against the metal clear- struction can be used to seal cylinder simple, cheap and effective unit. The 
end-caps, valve covers, plugs, etc. tie rods and cylinder barrel are free 
Since the plug and body = be closely to expand and contract independently. 
fitted, and there is no movement, this Only the net unit fluid pressure is 
type will seal high pressures for long held by the tie rods. Therefore, the 
‘ periods bolts need to be only finger tight. The 
Groove Design tie rods and bolts are not prestressed. 
Used with O-ring moving seals to pro- 
vide a cheap, simple and easily as- 

sembled hydraulic cylinder. 





ance areas. 


General: A rectangular groove is the 
most common for O-rings used as flange 
gaskets. Design data for this groove are 
listed in the Appendix. Separate stand- Spring 
ards have been established for military 
and industrial applications. The differ- 
ence between the two standards is es- 
sentially in the recommended gland di- j Body 
ameters and tolerances. The wider tol- 
erances allowed in industrial hydraulic Another method of sealing a hole. This 
applications permit a cost reduction in eS ee a 
manufacture. snaps over the male member for easy 
The rectangular groove can be ma- ne reskin O-cing sous enter tow 


chined one-half in the face plate and ae See See An adjustment-screw seal using an 
under pressure provides a tight sea O-ring. This construction can be used 


one-half in the flange, or the entire as pressure is applied. on pressure relief valves, refrigeration 
groove can be cut in one member, Fig. Bn my valves and many other ap- 
l. Various flange-type sealing designs 

and applications are shown in Fig. 2. In f 
some flange-gasket designs, a triangular 4 _ 
groove can be used to provide ease of Cop An O-ring applied to a cylinder with 
diet ea a threaded end-cap. This type may 
machining and consequent reduced cost. $ give trouble due to the blind assembly. 
Recommended dimensions for triangular : The O-ring is preinstalled in the 
‘ : : y groove using heavy cup grease to hold 
grooves are given in Table 1. Round ; Cylinder wall it in place. The cylinder barrel should 
3 be chamfered to prevent pinching the 

bottom grooves are also used. O-ring. 
Other types of static-seal applications . 
are shown in Fig. 2. Groove designs for 
these applications are somewhat differ- 
os ] ittings. i ~ . . : . . 

- than th “a for flange fittings. Dimen Fig. 3—Typical static O-ring designs—other than flanges 
sions for this type of groove are given 
in Table 2. Due to the many different 
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configurations of these units, no ID di- 
mension is given for the groove. How 
ever, the stretch applied to the ID of 
the O-ring should not exceed 5 per cent. 

Special: Seal-groove design for air- 
craft fuel systems of the static-seal type 
requires special consideration. Extremely 
high O-ring swell encountered in air- 
craft fuel environments does not permit 
use of groove data recommended for the 
applications. Design 


data for the two most common grooves 


normal hydraulic 
used for aircraft fuel requirements are 
given in Tables 3 and 4. The design 
considerations for this type of applica- 
tion are as follows: 

Vertical Pack: 
dimensions, the 


nominal 
vertical 


Using the 
groove O-ring 
pack is 25 per cent of the nominal O-ring 
When aircraft 


tolerances are con- 


cross-sectional diameter. 
O-ring and 


sidered, the vertical pack will vary ap- 


groovy e 


proximately between 20 to 30 per cent. 


Groove Volume: The groove volume 
will be 3 to 36 per cent greater than the 
volume of a new O-ring, depending again 
on the O-ring and groove tolerances. 
Position of the O-ring in the Groove: 
It is 


located in such a manner that the ap- 


recommended that the groove be 


plication of pressure will not result in 
appreciable O-ring movement under vari- 
pressure. Data for groove di- 


Table 3, should be followed. In 


general, where the direction of the ap- 


ations in 


ameter, 


plied pressure is outward from the cen- 
ter line of the O-ring, the groove OD 
should be tangent to the OD of the nomi- 
used. 


nal-size Similarly, where 


the direction of the applied pressure is 


O-ring 


center line of the 
O-ring, the groove ID should be tangent 
to the ID of the 
used. 


inward toward the 


nominal-size O-ring 


Draft Angle: A draft angle of 0 to 7 
deg is specified in Table 3 to permit 
variation in methods of machining the 
groove. The draft angle in the direction 
of applied pressure should never be nega- 
tive. In general, it is more desirable to 
have vertical groove walls where possible. 

Neutral Point: Since a variable draft 
angle is permitted for ease of production, 
a neutral point must be established for 
locating the dimensions of groove length 
which will not vary as the draft angle 
varies. Point P is an arbitrary point mid- 
way between the top and bottom of the 
groove. 

Edge and Corner Radii: Edge and cor- 
ner radii which have some influence on 
groove volume should be held to values 
considered reasonable in production. 

Surface Finish: Groove-bottom surface 
finish of 100 rms or better is required to 
effect good sealing for aircraft-type O- 
rings. Since a seal need not be effected 
on the walls of the groove, these sur- 
faces may be 250 microinch or better. 

Tolerances: To meet the groove vol- 
ume and vertical pack considerations 
noted above, the manufacturing _toler- 
ances on the groove dimensions have been 
established, Table 3. These tolerances are 
considered acceptable for present manu- 
facturing techniques. 

The inclined-bottom groove is some- 
times used in severe or critical static seal 
applications. Groove dimensions for this 
type of appliaction are shown in Table 
4. This groove slopes upward in the 
direction which the O-Ring is forced by 
the fluid pressure. This serves to wedge 
the seal tighter in the direction of po- 
tential leakage. In actual practice, the 
inclined bottom groove is very seldom 
used because of the difficulty in machin- 
ing it accurately. 


Compound Considerations 


Limitations of the synthetic materials 
used in O-ring compounds should be con- 
sidered in the design of the groove. In 
general, synthetic materials can accom- 
modate temperatures within the range 
of —130 to +500 F. However, both tem- 
perature extremes cannot be tolerated by 
the same material. Materials capable of 
handling the extremely low-temperature 
applications are not suitable for extreme- 
ly high-temperature applications, and 
conversely. One notable exception is the 
use of silicone materials in dry air ap- 
plications. Some types of silicone ma- 
terials will function within the ~—130 
to 500F range. However, silicone mate- 
rials in moving seals exposed to the vari- 
ous synthetic hydraulic and lubricating 
fluids can either cover temperatures from 

65 to +300F, or from about —20 
to +450 F. 

Some new high temperature resistant 
polymers show good resistance to aging 
at 500F in many synthetic fluids. How- 
ever, in application they are subject to 
extremely high compression set or loss 
of sealing force. This is especially true 
with the new fluorinated elastomers 
which will have a normal set of 25 to 
30 per cent at 300F, although a marked 
increase of compression will occur at 
higher temperatures. At 400F, the com- 
pression set value will generally be in- 
creased to 50 per cent and when tem- 
perature is increased to SOOF, a 100 per 
cent compression set will result. 


When a choice of lubricating fluids is 
available, it is best to choose one with 
a good sealing history, preferably a fluid 
that can be sealed with conventional 
elastomers. 
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Metallic Gaskets 





ASKETS are made of relatively 


soft material, com- 
pared to flange mating surfaces, and effect a seal 


combination gaskets are used. 
The first part of this chapter covers the more commonly 


by deforming and filling surface irregularities. For low pres- 
sures, gaskets made of soft materials such as cork, rubber 
and asbestos are used, as discussed in Chapter 12. For 


used metallic gasket materials, gasket types, and joints which 
use metallic gaskets. Hollow metallic O-rings, which are 
a relatively recent sealing development, are discussed in 


high pressures, and under severe conditions, metallic or 


the second half of this chapter. 


General Types 





HEBER H. DUNKLE, 


For any gasket application the choice of 
material will depend upon the operating 
conditions, the mechanical features of 
the flanged assembly, and the gasket 
characteristics. In general, the operating 
conditions govern the choice of gasket 
materials, whereas the dimensional and 
mechanical features of the flanged as- 
sembly control the selection of the gas- 
ket type. 


Application 


Product Specialist, Metallic Gaskets, Johns-Manville, New York, N. Y. 


As a rough guide to determine whether 
metallic or nonmetallic gaskets should be 
used, multiply the operating pressure in 
psi by the operating temperature in de- 
grees F. If the result exceeds a value of 
250,000, only metallic gaskets should be 
used. Also, nonmetallic gaskets generally 
should not be considered for temperatures 
above 850 F (exception—relatively pure as- 
bestos to 1200 F at low pressures) or for 


pressures in excess of 1200 psi. 

Table 1 is a rough guide to the type 
of metallic or semimetallic gasket nomally 
ised on several common applications. 


Selection Factors 


Pressure: With two exceptions, the 
pressure of the confined fluid has lit- 
tle or no direct effect upon the selection 


First Choice 


Second Choice 


Third Choice 





Cast tren flanges 
Forged steel ‘ath gs 
Raised tae 
Tongue and griove joint and large male- 
female 
Ammonia fittings 
Autoclave 
Hydraulic cylinder bench presses 
Gas mains 
Heat exchanger 
Boiler openings 
Vacuum lines 


Valve bonnets 
Screwed. less than \ in 
Screwed, more than \ in 
Bolted, round 
Bolted, rectangular 





Corrugated with filler 


Spiral wound with metal spacer 
ring 

Spiral wound 

Spiral wound 

Delta or Bridgeman 

Piain flat metal 

Corrugated 

Two-piece metal’ jacket 

Spiral wound 


Round solid metal, or round 
solid metal with jacket 


One-piece French jacket 
Flat metal, serrated 
Spiral wound 

Two-piece French jacket 


Spiral wound 


Corrugated jacket 


Fiat metal, serrated 


Plain flat metal 

Spiral wound 

Spiral wound 

French jacket 

Plain flat metal 
One-piece jacket 
One-piece French jacket 


Flat metal, serrated 
Corrugated 
Flat metal, serrated 
Corrugated 


Single Jacket 


Corrugated with filler 


Plain flat metal 


Corrugated, coated 
Two-piece metal jacket 
Two-piece metal jacket 


Two-piece metal jacket 


Corrugated metal 
Plain flat metal 


One-piece metal jacket 
One-piece French jacket 
One-piece French jacket 
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DESIGN DATA 
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Fig. 1—Force relationships for a gas- 
keted joint. The seating stress on a gas- 
ket is reduced, when the joint is exposed 
to internal pressure, by an amount equal 
to the hydrostatic end force. Internal 
pressure also attempts to blow the gasket 
out from between the flange faces. 


of metal gasket. Fluid pressure does 
determine the mechanical features of the 
assembly (such as the type of flange fac 
ing) and, therefore, indirectly affects the 
choice of the gaskets. One exception is 
corrugated gaskets, which are generally 
limited to pressures less than 1000 psi. 
The other exception is for extremely high 
pressure duty, 20,000 to 50,000 psi 
Temperature: The operating tempera- 
ture has an important bearing on the 
selection of the gesket type and mate 
rial. The limitation of semimetallic gas 
kets is controlled by the nonmetallic fil 
ler. For example, an asbestos filler nor- 
mally restricts the long term usage of 
the gasket to 850 to 900 F, although the 
might have a much 


metallic portion 


higher limit. The upper temperature lim 
its for gasket metals are based on sev- 
eral effects, including oxidation point and 
creep. Table 2 lists a few typical metals 
used for metallic gaskets, together with 
their usual upper temperature limits for 
long duration exposure. These limits are 
drastically reduced when the high tem 
perature is in conjunction with corro 


sive fluids. 


Mechanical Limitations: Each type of 
gasket has dimensional and shape limi 
tations. Gaskets in all these groups can 
be made in circular shapes, but not in 
unlimited diameters or widths. Only a 
few of the basic groups are made in non 
circular shapes 

The bolting or other means of joint 
clamping must provide sufficient force 
to seat the gasket and to prevent flange 
separation due to the confined fluid 
pressure, Fig. | 

Joint Rigidity 
metallic gaskets take a 
when compressed in an assembly and, 


With a few exceptions, 
permanent set 


unlike nonmetallic gaskets, have little or 


no recovery to compensate for contact 
face separation. Therefore, joints in which 


104 





Lead 

Common brasses 
Copper 

Aluminum 

Stainless steel type 304 
Stainless steel type 316 
Soft iron, low carbon steel 
Stainless steel type 502 
Stainless steel type 410 
Silver 

Nickel 

Monel : 
Stainless steel type 309 
Stainless steel type 321 
Stainless steel type 347 
Inconel 











metal gaskets are to be used must have 
sufficient rigidity to assure a minimum 
of bending both during the initial bolt- 
ing up and when the assembly is op- 
erating. 

Flanges using full-face gaskets must be 
thick enough to prevent bowing between 
adjacent bolts. Also, flanges using gas- 
kets confined within the bolts must be 
stiff enough to resist dishing across the 
contact faces. Dishing would result in 
separation of the contact faces at the 
inner edge, which is the primary seal 
against leakage. 

Surface Finish: Each type of metallic 
gasket will perform best when the flange 
contact faces have a specific surface fin- 
ish. Depending upon gasket type, this 
optimum surface finish requirement may 
be very smooth or deeply tooled. When 
a minimum gasket seating stress is given 
for a particular type of gasket, it applies 
only when the flanges have the optimum 
surface finish. Any deviation from this 
optimum finish will increase the seating 
stress required. 


Corrosion: There are several different 
kinds of corrosion, and gaskets are sus- 
ceptible to most of them. 

Uniform Corrosion: Called rust in iron 
or steel, this is slow oxidation of the 
parent metal. 

Galvanic Corrosion: Two unlike met- 
als which share an electrolyte will ex- 
perience galvanic corrosion. Any liquid 
which will conduct an electrical current 
can be an electrolyte; even certain gas 
concentrations in air can act as electro- 
lytes. The current set up by the dissimi- 
lar metals transfers an ion from the cath- 
ode to the anode, where it is deposited. 
The anode maierial is destroyed, while 
the cathode relatively unat- 
tacked. 

When choosing a gasket material for 
corrosive conditions, the choice must be 


remains 


made whether to make the gasket anodic 
with respect to the flanges, and let it be 
attacked. Or, the flanges can be anodic 
with respect to the gasket, and then 
they will be attacked. This decision must 
be based on the type of application, and 
the type of gasket. 

Galvanic effects can be minimized by 
choosing metals which are relatively 
close together in the galvanic series. 

Dezincification: This type of corrosion 
is similar to galvanic corrosion. It oc- 
curs in brass that contains more than 
15 per cent zinc. In the presence of an 
electrolyte, the zinc in the alloy goes 
into solution, followed by a redeposition 
of porous copper in the metal. The re- 
deposited copper has little mechanical 
strength, but outwardly the brass ap- 
pears to have suffered only minor sur- 
face corrosion 

Chemical Resistance: Active chemical 
solutions may attack certain metals. Ta- 
ble 3 contains a summary of the rela- 
tive resistance of common metals to 
chemical corrosion. 


Seating Stress 


Gasket sealing is accomplished by the 
flow of the gasket material into the tool 
marks or imperfections on the flange fac- 
ings. The amount of force per unit of 
gasket area required to completely flow 
the gasket is known as the yield or seat- 
ing stress. This stress varies with gasket 
type, material, and flange surface fin- 
ish, Table 4. 

The minimum seating stresses given in 
Table 4 have been established empiri- 
cally, and result in satisfactory joint per- 
formance without the use of a gasket 
compound. They are independent of the 
confined fluid pressure. Once this re- 
quired stress has been applied to the 
gasket, leakage is not likely to occur un- 
less actual separation of the flange-gas- 
ket contact faces takes place due to in- 
sufficient rigidity. 

Many joints have operated successfully 
with prestresses less than the recom- 
mended minimum. Effective sealing de- 
pends on many inter-related factors: 
Pressure, temperature, type of fluid con- 
tained, flange surface finish, use of gas- 
ket compounds, amount of leakage tol- 
erated, formation of corrosion or evapo- 
ration products after a short period of 
initial leakage, etc. 


Flange Facings 
There are many types of flange fac- 
ings in use, Table 5. But, the majority 
of these fall into one of the following 


three groups: 


Unconfined: Best for all noncircular 
and large circular shapes. 
Semiconfined: For circular shapes and 


accurate location of gasket. 
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Aluminum 


Lead 


Copper 


Aluminum 


Nickel 


Iron and Steel 
Stainless 304 
Stainless 316 
Stainless 347 





Acetic acid, 


Acetic anhydride 
Acetone 
Acetylene 
Air 
Aluminum chloride . 
Aluminum fluoride 
Aluminum sulphate . 
Alums 

Ammonia gas, 

cold 

hot . 
Ammonium chloride 
Ammonium hydroxide 
Ammonium nitrate . 
Ammonium phosphate, 

monobasic 

dibasic 

tribasic 
Ammonium sulphate 
Amy! acetate 

Amyl alcohol 
Aniline, aniline oil .. 
Aniline dyes 
Asphalt 


Barium chloride .... 

Barium hydroxide .. 

Barium sulphide .... 

Beer 

Beet sugar liquors 

Benzene, benzol .... 

Benzine, petroleum 
ether, naphtha .... 

Black sulphate liquor 

Blast furnace gas .. 

Borax 

Boric 

Bromine 

Butane 

Butyl acetate 

Butyl! alcohol, 
butanol 


Calcium bisulphite 
Calcium chloride ... 
Calcium hydroxide . 
Calcium hypocidorite 
Caliche liquors 
Cane sugar liquors 
Carbolic acid, 
phenol 
Carbon dioxide, 
dry 


Carbon bisulphide . 
Carbon monoxide, 
hot , , 
Carbon tetrachloride 
Castor oil 
China wood oil, 
tung oil 
Chiorine, 
dry 
wet 
Chlorinated solvents, 
dry 
Chioroacetic acid .. 
Chiorosulphonic acid 
Chromic acid 
Citric acid one 
Coke oven gas ..... 
Copper chloride .... 
Copper sulphate 
Corn oil . 
Cotton seed oil 
Creosote, 
coal tar 
wood 


Cresols, cresylic 


Dowtherm, 


Ethers 

Ethyl acetate 
Ethyl cellulose 
Ethyl chloride 
Ethylene glycol 
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Ferric chloride .... 
Ferric sulphate .... 
Formaldehyde 
Formic acid 


Glycerin, glycerol .. 
Green sulphate 
liquor 


Hydrobromic acid .. 
Hydrochloric acid, 
less than 150 F .. 
more than 150 F . 
Hydrocyanic acid .. 
Hydrofluoric acid, 
cold, 
less than 
65 per cent .... 
more than 
65 per cent .... 


ot, 
less than 
65 per cent .... 
more than 
65 per cent .... 
Hydrofluosilicic acid 
Hydrogen gas 
cold 


Hydrogen pe . 
Hydrogen sulphide, 


Kerosene 


Lacquers 
Lacquer solvents .. 
Lactic acid, 


Linseed oil 
Lubricating oils, 
sour 
refined 


Magnesium _ chloride 

Magnesium hydroixde 

Magnesium sulphate 

Mercuric chloride .. 

Mercury 

Methy! alcohol, 
methanol 

Methyl chloride 

Milk 


Mineral oils 


Natural 
Nickel chloride 
Nickel sulphate 
Nitric acid, 
crude 

diluted 
concentrated 
Nitrobeazene 


gas 


Oleic acid 
Oleum spirits 
Oxalic acid 
Oxygen, cold 
less than 500 F .. 
500-1000 F 
more than 1000 F . 
Ozone 


Palmitic acid 
Petroleum oils, crude, 
less than 500 F .. 
more than 500 F 
more than 1000 F 
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DESIGN DATA 


Fig. 3—Lap of metal-jacketed, soft filler gasket. 
When specifying, do not indicate the lap indented 
and flush with the gasket face. If lap is precom- 
pressed, sealability will be seriously pee Bn 


Aluminum 





Fully Confined: These flange facings 
Phosphoric acid, ' f are used for circular shapes, with 
oare, narrow gaskets at high pressures. 


— ar a ‘ . lee, Wo Other special flange facings not cov- 


more than ; ered in Table 5 are those which use the 
45 pe ce . 2 . 
—_— om. Bridgeman closure, the lens ring, O-ring, 


7] 


Ztanam | 


s} 


Sewage 
Soap solutions 
Soda ash, sodium 
carbonate 
Sodium bicarbonate, 
baking soda . 
Sodium bisulphate 
Sodium chloride 
Sodium cyanide 
Sodium hydroxide 
Sodium hypochlorite 
Sodium metaphos- 
phate 
Sodium nitrate 
Sodium perborate 
Sodium peroxide 
Sodium phosphate, 
monohasic 
dibasic 
tribasik 
Sodium silicate 
Sodium sulphate 
Sodium sulphide 
Sodium thiosuiphate, 
“hypo” . 
Soybean oil 
Stannic chloride 
Steam 
less than 500 F 
500-1000 F 
more than 1000 F 
Stearic acid 
Sulphur 
Sulphur chloride 
Sulphur dioxide, dry 
Sulphur trioxide, dry 
Sulphuric acid, 
less than 
0 per cent, 


ly 


DR 


cold 
delta gasket, and screwed closures. 
Potassium cyanide 
. Spiral wound 


hot 
Gasket Types 
Potassium hydroxide 
. Plain or machined flat metal 


Picric acid, 
' Metallic gaskets fall into several basic 
Potassium sulphate 

. Round cross section, solid metal 


molten 

water solution 

Producer gas ht . 8 « 8 : groups: 

P ane 8 ; ; : 

— 1. Corrugated or embossed, thin metal 
. Special, heavy cross section, solid 

metal 


Potassium chloride 
. Metal-jacketed, soft filler 
7. Pressure actuated, light cross section. 


L 
2 


nnn m 
nl mam 
Ctan! wm 


Corrugated: Consists of thin metal, cor- 
rugated or with embossed concentric 
rings. They are used plain, coated with 
gasket compound, or with asbestos cord 
cemented in the corrugations, Table 6. 
This type of gasket requires the least 
costly tooling for nonstandard sizes or 
irregular shapes. By proper material se- 
lection, they can be used at any tem- 
perature. 

Corrugated gaskets are essentially a 
line-contact seal. Multiple, concentric 
corrugations provide a labyrinth effect, 
along with mechanical support for the 
gasket compound or asbestos-cord inserts 
if they are used. Corrugations provide 


RAR 


nth tn 
mentn | 


Znannnm 
Znnnnm 
on Cn Uh A 0h OA 


mn 


ni Tnnnnm 


hot 
10-75 per cent, 
cold 


eae . » = Bee some degree of resilience, depending on 


their pitch and depth, and the type and 


pot s I - J } J J thickness of metal used. 

“— _— s ; s § Materials: These gaskets are made of 

A. >. 2. = 2 as ee almost all metals in thicknesses from 

Sulphurous acid : 0.010 to 0.031 in. Thicknesses less than 

Tannic acid ‘ .. 2% ‘ , ; 0.010 in. are likely to rupture when cor- 

~ ia : Ss & rugated. Gaskets with an asbestos cord 

insert are normally made from 0.019 to 
0.020-in. thick material. 
Corrugations: Although a minimum of 
three concentric corrugations is desirable 
ae “oxidizing on each gasket face, many applications 
es - ae. 8 exist using only one. A slight flat inside 
no oxidizing salts f S _- J : 

Water the inner corrugation and beyond the 
otmea les arade a. : . S ; S : : outside corrugation will stiffen the gasket. 
retern condensate ee This form is desirable if space is avail- 

able. For full face gaskets in thin, lightly 
bolted flanges, one to three corrugations 
inside of bolt circle and one or more 
outside of the bolt circle will equalize 
compressive stresses, and may be help- 
ful in preventing flange distortion. 


Trichloroethylene 
Turpentine 


Vinegar 


Water, seawater 
Whiskey and wines Ss Ss 


Zinc chloride Ss J S 
Zinc sulphate 8 


*Materials known to be satisfactory have been given an 8 rating 
Those whose resistance is only fair, but not so low as to be dangerous, 
have been given an F rating. A U denotes that a material is totally 
unsatisfactory. A dash indicates that data are not available, or that use 
of a material is dependent on specific service conditions and should . . 
not be selected unless carefully investigated Metal-Jacketed, Soft Filler: Consists of 
soft compressible filler partially or wholly 


encased in a metal jacket, Table 7. These 
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Minimum Seating 
Stress* 





Aluminum 
Copper 

Soft Steel (Iron) 
Monel 

Stainless Steel 





Aluminum 
Copper 

Soft Steel (Iron) 
Monel 

Stainless Steel 








Carbon Steel 
Carbon Steel 
Stainless Stee! 
Stainless Steel 


2500-15.000 psi 
2500-15.000 psi 
3000-30.000 psi 
3000-30,000 psi 











Lead 

Aluminum 
Copper 

Soft Steel (Iron) 
Nickel 

Monel 

Stainless Steel 


500 psi 
2500 psi 
4000 psi 
6000 psi 
6000 psi 
7500 psi 

10,000 psi 





Lead 

Aluminum 
Copper 

Soft Steel (Iron) 
Monel 

Stainless Steel 


approximately 


500 psi 
1000 pst 
2500 psi 
3500 psi 
4500 psi 
6000 psi 





Aluminum 
Copper 

Soft Steel (Iron) 
Monel 

Stainless Steel 


16,000 psi 
36.000 psi 
55.000 psi 
65,000 psi 
75,000 psi 





Aluminum 
Copper 

Soft Steel (Iron) 
Monel 

Stainless Steel 





Aluminum 
Copper 

Soft Steel (Iron) 
Monel 

Stainless Steel 


\%-in. pitch, 
all thicknesses 





Aluminum 
Copper 

Soft Steel (Iron) 
Monel 

Stainless Steel 








Aluminum 
Copper 

Soft Steel (Iron) 
Monel 

Stainless Steel 


tz -in. pitch, 
all thicknesses 


J,-in. pitch, 
all thicknesses 


20.000 psi 
45,000 psi 
68,750 psi 
81,250 psi 
93,750 psi 


25,000 psi 
35,000 psi 
55,000 psi 
65,000 psi 
75,000 psi 


40,000 psi 
60,000 psi 
70,000 psi 
80,000 psi 


35.000 ps! 
45.000 psi 
65,000 psi 
80,000 psi 
95,000 psi 











Aluminum 
Copper 

Soft Steel (Iron) 
Stainless Steel 


Any diam 


1300 Ib/circular in. 


4500 Ib/circular in 
6000 Ib/circular in. 








Aluminum Jacket 
Aluminum Cores 
Aluminum Jacket 
Stainless Steel Cores 
Stainless Steel Jacket 
Stainless Steel Cores 


Any diam 
Any diam 


Any diam 


1500 1b/circular in. 
1500 Ib/circular in. 


6000 1o/circular in. 








*Seating stress values shown do 
clean flange surface, i.e., no grease, oil or gasket compound. 


not apply to ASME Code. Also, 


they are based on optimum 


surface finish and 
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Flat Face 
Unconfined gasket. Mating faces of both 
flanges are flat. Gasket may be of the 
ring type, entirely inside of the bolts. or 


entire face both 
bolts 


Metal-to-M etal 

Fully confined gasket. One Mange face 
is flat, the other recessed to accept 
gasket. For applications requiring ac- 
curate control of stack height. When 
flanges are brought together, gasket com- 
pression is limited. Only a few metaliic 
gaskets can be used in this type of ae- 
sembly which assumes maximum gasket 
resilience. Spiral wound, hollow metal O- 
ring. pressure actuated, and metal- 
jacketed, metal-mesh filled gaskets can 
be used 


Ring-Gasket Joint 
This is sometimes referred to as the API 





Tonguve-and-Groove 

Fully confined gasket. Depth of groove 
equal to or less than height of tongue. 
Groove normally not over 1/16 in. wider 
than tongue. Gaskets for tongue and 
groove joints are usually dimensioned the 
same as the tongue. This joint must be 
pried apart at disassembly. However, 
tongue-and-groove flanges do produce a 
high gasket pressure. 


Raised Face 

Uneconfined gasket. Mating face is flat 
but portion inside of bolt holes is raised 
1/16 or %& in. Gasket is 

type, entirely within bolts. 

bled they may be disassembled easily 
without springing the flange. Steel flanges 
that are to mate with cast-iron should 
have flat faces to prevent breaking the 
cast-iron flange during bolt tightening. 


This gasket type is used for applications 
at temperatures up to those which limit 
the filler and metal endurance. 

Because of limited resilience, these 
gaskets should be used only in assem- 
blies in which the elasticity of the bolts 
or other factors can compensate for joint 
relaxation. They should not be used in 
joints requiring close maintenance of the 
compressed thickness. 

Materials: Jacketed gaskets are also 
made in a wide variety of metals, and 
filler materials. The sheet metal thick- 
ness is usually 0.008 to 0.025 in. In gen- 
eral, metal thickness is: 

Up to 4%-in. gasket ID. .0.008 to 0.012 in. 

4% to 8-in. gasket ID... .0.010 to 0.019 in. 

Over 8-in. gasket ID.....0.015 to 0.025 in. 

All lead jacketed gaskets. .0.018 to 0.031 in. 

Standard filler is asbestos millboard, 
which is normally limited to 850 to 900 
F. But, in noncritical service it can be 
used to 1200 F. Compressed asbestos sheet 
packing is used where higher strength 
is necessary. Teflon is used where ex- 
tremely corrosive conditions exist, at 
temperatures up to SOOF. Metallic fil- 
lers can be used as fillers when service 
temperatures exceed 900F in the corru- 
gated jacketed type and the modified dou- 
ble jacket type. 

These gaskets are normally specified 
in 1/16, 3/32 or %-in. nominal thick- 
nesses. The thickness of jacketed gaskets 
is not precise due to accumulated toler- 
ances of the metal and filler and the 
metal springback when it is formed. 
Thickness is therefore considered to be 
the nominal filler thickness plus twice 
the metal thickness, regardless of the 
actual number of metal layers. 


(Amertean Petroleum institute) joint. 
Both Mange faces have matching flat bot- 
tomed grooves with the sides tapered 


Lap Width: Jacketed gaskets have cer- 
noes Ge captiens Gun annie ot haem tain limitations as far as lap width is 


The gasket is machined from solid metal concerned. The maximum lap width is 


RA pa RA, that which can be drawn and folded 


preferred. 





Semiconfined gasket. At left is most often 
used type. Depth of recessed face normal- 
ly equal to or less than height of male 
or raised face to prevent possibility of 
flanges coming together metal-to-metal 
when gasket is compressed. Recessed OD 
normally not more than 1/16 in. larger 


Ah. Jk 


Male-Female 





than OD of male face. Joint must be pried 
open when being dismantied. At center 
and at right are two other male-female 
types. Center type confines gasket on ID. 
At right is metal-to-metal joint with 
gasket confined on OD only. 











gaskets are more compressible than cor- 
rugated types. They offer better compen- 
sation for flange irregularities when higher 
pressures are to be sealed. 

The primary seal against leakage is 
the inner metal lap, Fig. 3, where the 
gasket is thickest when compressed. This 
area cold flows, effecting the seal. The 


108 


entire inner lap must be under compres- 
sion. The outer lap, if any, provides a 
secondary seal between flange faces when 
compressed. Intermediate corrugations 
may contribute to the labyrinth effect. 
These gaskets are used for noncircular 
as well as circular applications, which 
require 20 to 30 per cent compressibility. 


over without cracking or wrinkling. This 
is a function of the metal, its thickness, 
the gasket thickness, and the diameter. 
The maximum lap width must be taken 
into consideration when relatively small 
diameters or radii are to be formed. 


Spiral-wound Gaskets: Consists of V- 
shaped, preformed plies of metal, wound 
up in a spiral with a soft separation, 
such as asbestos paper, Table 8. The 
V-shape gives unique, springlike charac- 
teristics. 

These gaskets have the best resilience 
of all metal and asbestos-type gaskets. 
Density of construction can be controlled 
to provide an optimum seal under vari- 
ous bolting conditions. They have good 
tolerance for flange-surface finish irregu- 
larities, and are furnished in a wide 
variety of metals in circular and limited 
noncircular shapes. 

Sealing action is the result of a com- 
bination of the flow of the metal and 
soft filler plies when the gasket is com- 
pressed the recommended amount. In- 
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ner and outer meital-to-metal plies must 
be under compression. 

Spiral-wound gaskets are used for any 
circular or moderately noncircular ap- 
plication where an approximate com- 
pressed thickness of either 3/32 or 4 in. 
can be tolerated. They are particularly 
suited for assemblies subject to extremes 
in joint relaxation, temperature or pres- 
sure cycling, shock, or vibration. Excel- 
lent performance in joints restricting 
compression is provided, since their re- 
siliency will compensate for modest 
flange separation. 

Compression: The spiral-wound gasket 
gives best performance when compressed 
to a predetermined specific thickness. Its 
compressibility can be accurately con- 
trolled for a specific bolt loading by vary- 
ing the density, i.e., the number of metal- 
asbestos plies or wraps per unit of gas- 
ket width, Fig. 3. 

Filler thickness may be from 0.010 to 
0.032 in. Two gasket thicknesses, 4 and 
3/16 in., are standard and suitable for 
most applications. For '%-in. thick gas- 
kets, compression to a_ thickness of 
0.095 +0.005 in. is recommended. For 
the 3/16-in. thick gasket, a compression 
to 0.130 +0.005 in. is considered pref- 
erable. 

Materials: Spiral-wound gaskets are 
made in most metals. The performance 
of a spiral-wound gasket depends upon 
the spring-like action of the V-shaped 
metal strip. Therefore the metal used 
should be one that will best maintain 
its resilience at the operating tempera- 
ture. For noncorrosive services, at least 
80 per cent of the applications could 
use type 304 stainless for the entire range 
of —320 to +1000F gasket temperature. 
However, above 750F in metal-to-metal 
joints and certain other applications re- 
quiring maximum springiness, type 304 
is not entirely satisfactory, and type 316 
Inconel, or even heat treated Inconel X 
must be used. 

The asbestos fillers are generally con- 
sidered not suitable for applications where 
the actual gasket temperature exceeds 
950F to 1000F, and where the assem- 
bly is subject to cyclical temperature and 
pressure variations. However, there are 
many satisfactory installations where line 
temperatures have been as high as 1300 
F for sustained periods of operation. As- 
bestos fillers may be used for tempera- 
tures below zero but, solid Teflon fillers 
are generally more desirable for such 
applications. Solid Teflon fillers are used 
in the range —320 to +450F. Teflon 
impregnated asbestos fillers are generally 
limited to 600 F. 

Width: The maximum width of a 
spiral-wound gasket is a function of the 
diameter and thickness. In general, the 
larger the diameter is, the narrower the 
gasket is. The spiral-wound gasket re- 
quires more careful dimensioning in re- 
lation to flange facing to assure that the 
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Fig. 3—Typical compression-recovery curves for 0.175-in. thick spiral-wound gasket. 


inner and outer layers of metal plies are 
under compression between the flange 
facings. 

Shapes: Spiral-wound gaskets can be 
furnished in moderately noncircular 
shapes depending upon size and desired 
configuration. As a very rough guide for 
shapes approximating an oval, the ma- 
jor axis should not exceed twice the mi- 
nor axis. Straight-sided rectangles (ra- 
diused corners) with an inside measure- 
ment in excess of about 6 in. may not 
be practical to fabricate. 

Flange Surface Finish: Although spiral- 
wound gaskets can be used for general, 
noncritical service with almost any com- 
mercially produced fiange surface finish, 
150-200 rms is preferred. For critical serv- 
ice use a finish of 32-80 rms. 


Flat Metal Gaskets: These are defined 
as gaskets that are relatively thin com- 
pared to their width, Table 9. They can 
be used as cut from sheet metal, or with 
the surface area reduced by machining 
to improve sealability. 

Plain metal, washer-shaped gaskets are 
relatively inexpensive to produce and 
can perform satisfactorily in a variety of 
applications over a wide temperature 
range. The machined types, with reduced 





Plain metal gasket with corrugations or 
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DESIGN DATA 
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One-Piece French Type 

Used for narrow circular applications re- 
quiring positive unbroken metal gasket 
face ecrose full width. Requires flange 
surface finish of 80 rms or better in 
sizes less than \ in. wide. Over \& in. 
wide requires concentric serrated flange 
face. Minimum gasket width is gasket 
thickness times 1.5 


ee ee 


Two-Piece French Type 
Used for wide or irregular shapes not 
requiring protection of filler material or 
additional Mange support at outer edge 
Tooling less costly than for one-piece 
type. Interchangeable with one-piece type. 





Single Jacket 
Used for relatively narrow applications 
similar to French type, but width- 
diameter limitations do not apply. Gen- 
erally less costly than French type. Non- 
cireular as wel) as circular shapes can be 
furnished. If over 4 in. wide, use double- 
jacketed type. Requires flange surface 
finish 80 rms or better 


Cz 


Double Jacket 

Used when complete protection of the 
filer material is required Also pro- 
vides additional support of flange at 
outer edge by addition of lapped over 
jacket. Available in irregular noncircular 
shapes but tooling more costly than other 
types. For widths less than 5/32 in., use 
French or single-jacket type. Requires 
flange surface finish 80 rms or better. 


< 


Corrugated Jacketed 
Jacket is corrugated to increase its resili- 
ence. Used for cireular and moderately 
noncireular shapes in widths % in. and 
wider. Sealability better than other types 
because of corrugations. Sealability can be 
further improved by use of gasket com- 
pound. With corrugated metal filler in- 
stead of asbestos, temperature limited 





General purpose, spiral-wound gasket. 
Consists of preformed, V-shaped strip of 
metal which is wound into a spiral. Metal 
layers are separated by a filler, usually 
asbestos. Has good resilience and seal- 
ability. This type used where no centering 
or compression limiting device is required. 
Also used in metal-to-metal joints. 


Spiral-wound gasket provided with «4 
solid metal centering and compression 
limiting ring around the outer edge. Used 
where gasket must be located remote 
from the bolts or other centering means 
and when it is important to limit com- 
pression because of possible over-bolting, 
control of stack-height, etc. For closures 
with circular or moderately noncircular 
bores and noncireular outer perimeter, 
the solid metal ring can be made to the 
required configuration and bolt holes 
drilied through it if necessary. 


Spiral-wound gasket with inner and outer 
compression limiting rings of solid metal 
for the most extreme operating condi- 
tions. Rings fill space between flange 
faces which might otherwise allow ex- 
cessive turbulence or erosion of facings. 


Spiral-wound gasket with lightweight 
metal devices to center the gasket with- 
out restricting compression. Used in non- 
critical or lightly bolted assemblies where 
there is no possibility of over bolting or 
over compression. Many different center- 
ing device configurations are available. 








the plain flat type. 
All types seal by flow of the gasket 


surface finish of both flange and gasket 
are very important. 

Finishes: Plain metal gaskets are nor- 
mally furnished as cut from the metal 
in the “as received” condition. There- 
fore, the gasket will have the surface fin- 
ishes caused by mill rolling, plus any 
Storage or in transit damage. Further- 
more, depending on the method of cut- 
ting, the gasket edges may have burrs or 
other irregularities which may or may 
not affect performance. If higher quality 
levels are required, such as no burrs, 
scratch-free surfaces, close decimal tol- 
erances, etc., cost is increased. 

For best performance, flat, plain-metal 
gaskets should be used between flange 
faces with concentric serrated surfaces. 
If this is not practical, a very light-cut 
spiral tool finish of 80 rms may be used. 


Round Cross-Section, Solid-Metal Gas- 
ket: These gaskets are generally made 
from round wire of the desired diameter, 
cut to the length of the gasket mean cir- 
cumference, then formed into a circle and 
welded, Table 10. They provide positive, 
gas-tight seals at relatively low flange 
pressures. Since only line contact occurs, 
they have high local seating stress at low 
bolt loads. The contact faces increase in 
width as gasket is compressed, effectively 
flowing into flange faces. 

Round, solid gaskets are essentially 
used on equipment designed specifically 
for them. Flanges are usually grooved or 
otherwise faced to accurately locate the 
gasket during assembly. However, there 
are some applications in which they are 
used between flat faces. 

Flanges: If flat-faced flanges are used, 
surface finish should be 80 rms or bet- 
ter. If one flange face has a V-shaped 
groove, the other should be flat. The vol- 
ume of the V-groove should be less than 
volume of the gasket so that there is no 
possibility of metal-to-metal flange con- 
tact. Surface finish should be 150-200 
rms maximum. 

Taper-faced flanges are very satisfac- 
tory as long as the volume of enclosed 
space is less than the gasket volume. Sur- 
face finish should be 150-200 rms max. 


surface caused by brute-force compres- 

sive loads. Loads actually must exceed Solid Metal, Heavy Cross Section: 
the tensile strength of the gasket metal These are usually rectangular or triangu- 
on the gasket-contact area. Therefore, lar shaped gaskets, machined in heavy 


only by metal selected 


Modifiea Double Jocket 
Used when completely enclosed gasket is 
required in widths less than those avail rr) 
able in plain double jacket. Generally not 
available smaller than i-in. ID. Also 
available with filler made from meshed 
metal wire which imparts more resilience 
than nonmetaliic filler 


























surface area, may be the answer to high 


yressure, high temperature or highly cor ' , . : ot 
- . Fig. 5—Typical pressure-actuated, light cross-section gaskets. After the initial 


rosive applications in nonspecial flanges - : - ; - 
— ow . seal has been made, increasing internal pressure increases the sealing face seat- 
where bolting forces are too light for ing stresses. 
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cross sections from solid metal, Table 11. 


They are used for high pressure and 
high-temperature services where operat- 
ing conditions require a special joint 
design. 

These gaskets usually seal by virtue of 
a line contact or wedging action which 
causes surface flow. Some of them are 
pressure actuated, ie, the higher the 
pressure, the tighter the joint. 

Materials: Any wrought or forged ma- 
terial is usually suitable for this type of 
gasket. Cast material should not be con- 
sidered. Materials requiring heat treat- 
ment after final machining usually should 
not be used because of possible warpage. 


Pressure Actuated, Light Cross-Section 
Gaskets: In this category are the bellows 
gaskets with U, K, and V-shaped cross 
sections, Fig. 4. They are made of stiff 
metal, designed so that contact with 
lange faces is at or near the inner edge. 
Length of the legs between point of 
flange contact and gasket OD determines 
the area of the bellows chamber. 

These metallic gaskets take the place 
of rubber O-rings using essentially the 
same groove dimensions and _ bolting. 
They are used for temperatures or fiuids 
not compatible with nonmetallic O-rings. 
They operate by virtue of a line con- 
tact, requiring very little bolting to seal 
at or near the inner edge when initially 
compressed. When confined fluid exceeds 
a predetermined pressure it acts on the 
bellows area with sufficient force to 
maintain the seal even if flanges sepa- 
rate slightly. 

Most of these gasket designs are pro- 
prietary, and individual manufacturers 
must be consulted regarding their use. 


ASME Code 


The American Society of Mechanical 
Engineers initiated the ASME Boiler and 
Pressure Vessel Code in 1914. Supple- 
mented by continuing revisions, this code 
contains the basic rules for safe design, 
construction, and specification of materials 
for pressure vessels, especially steam boil- 
ers. Section VIII covers unfired pressure 
vessels, and includes mandatory rules for 
flange design based on the characteris- 
tics of various types of gaskets. 

The legal status of this code depends 
on legislative adoption by state or local 
authorities, but its adoption has been 
widespread. 


Gasket Selection Procedures 


Presented here are three separate step- 
by-step procedures for selecting a metal- 
lic gasket. These procedures are given 
for the following conditions: 


1. Applications subject to the ASME 
code. Appendix II of the Rules for Un- 
fired Pressure Vessels does not define ex- 
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Plain, solid, flat gasket. Probably more 
widely used than any other type where 
compressibility is not required to com- 
pensate for flange surface finish, 

age or misalignment, and _ sufficient 
clamping force is available for the metal 
selected. Can be fabricated in any desired 
configuration. Uniess the gasket is ma- 
chine formed, width should be at least 
metal thickness plus 50 per cent. There 
are no limitations on flat gasket dimen- 
sions. However, width of metal sheet 
commercially available may limit size 
and require welding to obtain gaskets 
beyond certain sizes. 


0000o 


Serrated or grooved, flat metal gasket. 
Used when a solid metal gasket is re- 
quired because of pressure (radial 
strength), temperature, or the highly cor- 
rosive attack of the confined fluid, and 
bolting force is not sufficient to seal a 
flat gasket. Another application is in 
screwed closures where the relatively 
small contact area of the thin serration 
peaks keeps friction down to a level low 
enough to seal the joint. Available in 
some simple noncircular shapes. Gen- 
erally 3/64 in. or thicker. 











r 


e me 


Round cross-section, wire ring. Used on 
valve bonnets, air or gas So pg 
vacuum pumps, and accessory connec- 
tions. Flanges are usually grooved to 
locate gasket during assembly. 


meds 


Wire core partially wrapped with a jacket 
of the same or softer metal. For use be- 
tween nongrooved flanges, outer edge of 
jacket provides means of centering on 
flange bolts. This construction also allows 
use of soft metal jackets for sealability 
and hard metal core for radia! reinforce- 
ment. 








@ @ ; 


Used in full-faced applications where 
flange dishing would be excessive with 
other round section types. Inner wire 
cross section normally about 0.020 in. 
heavier than outer wire. Assures full 
initial seating load at gasket ID, but 
outer bulb restricts the amount of flange 
bending. Bolt holes are in connecting web 
or jacket. Especially useful in large 
diameter vacuum equipment costly to 
provide with special flange facings. 

















actly how initial gasket dimensions or 
type are selected. Final decisions are 
based on experience and judgment. 


2. The flanges already exist, and a 
choice is restricted to minor modifica- 
tions. 


3. The application is being designed 
from the beginning, and changes can be 
made as required. 


There are several reasons why a differ- 
ence must be drawn between code and 
noncode applications. For one thing, the 
code method is based on an allowable 
design stress of about 25 per cent of the 
tensile strength of the flange and bolts. 
No allowance is made for improvements 
in tensile strength by heat treating. 

Also, bolt stresses actually applied on 
installation are from 11% to 4 times the 
code minimum, depending upon bolt 
size and material. 

The noncode method of metallic gas- 
ket selection which is presented here is 
based on the fact that the code values 
for y are from 25 per cent to 75 per cent 
too low to actually seal the gasket unless 
a gasket compound is used. The code 
gasket factor, m, is important in flange 
design calculations to assure sufficient 
flange rigidity when the bolting is con- 
trolled by the internal pressure. The gas- 
ket factor is of no value in gasket selec- 
tion calculations. 


Code’ Procedure: Confine your initial 
metallic-gasket selection to one of these 
four types, the spiral-wound, the plain- 
metal jacketed or corrugated-metal jack- 
eted asbestos, or the ring-type joint. Al- 
though other gasket types are suited for 
code flanges, their usage requires consid- 
erable experience in gasket design with 
considerable judgment. 


1. Make your material selection based 
on the operating conditions. 

. Select the flange facing. 

. Set tentative gasket dimensions. 

. Adhere strictly to the flange design 
procedures in Appendix II of the 
code using the m and y factors in 
Table UA 47.2 and the allowable 
design bolt stresses. 


Noncode Methods: In both of the non- 
code procedures, the first step is the de- 
termination of the total bolt force that 
will be applied when the gasket is in- 
stalled. This actual bolt force has little 
relation to the bolt stresses allowed by 
the Code. To assure satisfactory joint 
performance with metallic gaskets, the 
flange bolts must be initially tightened 
within the stress ranges shown in Ta- 
ble 4. 

For gasket design purposes use a value 
of 20,000 psi initial bolt stress for carbon 
and stainless bolts, and 30,000 to 45,000 
psi for alloy steel bolts. 
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Oval or Octagonal 


Used in high pressure piping systems and 
pressure vessels. Range 1000 to 10,000 
pal. Excellent mechanical joint. Very high 
gasket pressures can be obtained with 
moderate bolt loads. Used only in ring- 
gasket joints. The standard gaskets are 
not pressure actuated. The BX modifica- 
tion of the octagonal cross section was 
developed for ollfield drilling and pro- 
duction equipment at pressures to 15,000 
psi. The BX design is pressure actuated 


Lens Ring 


The lens gasket is a line contact seal for 
high-pressure piping systems, with some 
application in pressure-vessel heads. 
There are many modifications of the 
basic lens ring. The most popular lens 
ring has spherical faces as shown above, 
and is used between Manges with straight, 
tapered (20 deg.) faces. The line of con- 
tact between gasket and flange faces is 
at a point approximately 1/3 of the way 
across the gasket face. 

Rings have been made with stiffening 
rings added to the basic lens ring. but 
the stiffening rings seem to be of little 
value. Hollowed-out lens rings. lens rings 
with a groove cut on the inner periphery 
have been used on the theory that in- 
ternal pressure will ‘“‘bailoon out’’ the 
ring and increase its effectiveness. Hol- 
lowed-out lens rings work satisfactorily, 
but their tolerances and hardness are 
very critical 

Hardness of the conventional lens ring 
varies with the metal required for the 





service conditions. Generally the 
should be softer than the flanges. 


A type of pressure activated gasket for 
pressure-vesse) heads and valve bonnets. 
Used for pressures 1500 psi and up. Also 
has been adapted to piping points subject 
to extreme temperature shock conditions 
A Bridgeman gasket may be one of 
several designs, the name referring to the 
type of closure. The gasket is supported 
against the periphery of the head and 
the vessel wall, in such a way that in- 
creasing pressure magnifies the force hold- 
ing the gasket in place. Therefore, the 
force tending to secure the seal is always 
greater by some fixed amount than the 
internal pressure in the vessel. Requires 
fine tolerances and careful handling to 
effect satisfactory seal. 


Delta 


This gasket operates on the unsupported 
area principle. It is mainly a pressure 
vessel or valve-bonnet gasket. Groove and 
gasket dimensiona) control are too precise 
and costly to allow its use as a piping 
gasket. It is useful im the pressure range 
5000 psi and up. 

The gasket is mounted in a triangular- 
shaped groove, with the apex of the 
triangle outward. The groove is shaped 
so that only two points of the triangular 
gasket contact the groove during initial 
seating. The two points deform under 
seating pressure, causing the initial seal. 

When pressure is applied, the exposed 
inner periphery of the gasket reacts, and 
the gasket flexes about the two contact 
points. The inner periphery tends to be- 
come curved, and the sides of the tri- 
angle wedge into the groove, increasing 
the effectiveness of the seal. 








These initial bolt stresses are required, 
not only to seat the gasket, but also, to 
assure adequate residual loading when 
the joint has reached operating pressure 
and temperature. After assuming the 
stress level which is applied to the bolts, 


the force per bolt, f, (Ib), is 
fo = By Ar 


where S, assumed installation bolt 


stress, psi, and A, = stress area of bolt, 
sq. in. The total bolt force, F, (Ib), is 


Py, = fo Nr 


where N, 


number of bolts. 


Procedure for Existing Flanges: 


l. 


9 
< 


. Calculate 


Calculate actual available initial to- 
tal bolt force. 


. Make arbitrary decision as to gasket 


dimensions based on facing type. 


. Calculate overall gasket area A, (do 


not include any portion outside of 
confines of flange contact faces). 
initial available gasket 
seating stress, S,, (lb), from 


FP, 


8 
ya A, 


where A, = area of gasket, sq. in. 


5. Select gasket metal most suitable 


6. 


(and economical) for operating con- 
ditions. 

From gasket seating stress, Table 3, 
find the gasket type which has a 
required seating stress equal to or 
less than the available S,,. Also note 
surface finish requirement. (If avail- 
a>: S,, is mot greater than any 
listed, see step 8.) 


. Check for probable gasket availabil- 


ity in metal, size, and shape required. 


. If no gasket type is listed with a 


seating stress requirement less than 
the available S,,, and no increase in 
total bolt force is practical, try a 
reduction in gasket area by ificreas- 
ing the ID, scalloping around bolt 
holes, or, if possible, consider use of 
a softer metal to reduce the required 
gasket seating stress to a value less 
than the available S,,. 


. Check joint performance by analysis 


of hydrostatic end force, F, (Ib) from 


FP, = P; Am 


where P, = highest expected pres- 
sure, psi, A,, = hydrostatic end area, 
sq. in. (area measured by gasket 
mean diameter. If the total bolt force 
does not exceed the hydrostatic end 
force, leakage is likely to result un- 
less sufficiently higher bolt stresses 
can be applied. 


Procedure for New Design: 


l. 


Select gasket metal most suitable 
(and economical) for the operating 
conditions. 

Select a gasket type or types that 
appear to be suited for the flange 
size and configuration, as well as the 
operating conditions. 


3. From Table 4 determine minimum 


seating stress required for gasket 
type and metal. Also note flange sur- 
face-finish requirement. 


. Make tentative selection of gasket 


dimensions based on facing type and 
dimensions, and calculate gasket 
area. 


. Calculate total bolt force required 


to seal gasket. 


. Check whether total bolt force re- 


quired to seal gasket is also sufficient 
to hold the hydrostatic pressure. The 
hydrostatic end force, multiplied by 
some safety factor, should be used as 
the basis for determining the num- 
ber and size of bolts. 


. Calculate the total bolt area, A,, re- 


quired, using an assumed installation 
bolt stress, S,, in the range suggested 
above: 


From this step on, use cut and try 
methods to develop the actual number 


and 


size of bolts required for the par- 


ticular assembly. 
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R. L. GASTINEAU, Maonoger, Special Products Div., United Aircraft Products, Dayton, Ohio 


OLLOW metallic O-ring gaskets 

possess certain characteristics, under 
operating conditions, that static rubber 
O-rings do not. Under very high pres- 
sures, clearances for rubber O-rings must 
be prohibitively small to prevent rubber 
extrusions, and the rubber O-ring is 
limited to temperatures below the decom- 
position temperature of the rubber. At 
the other end of the scale, under a high 
vacuum rubbers give off gases of their 
own, thereby destroying the vacuum. 


How They Work 


The hollow, doughnut shaped, metallic 
O-ring has a natural resiliency, somewhat 
similar to rubber, without the critical 
temperature limitation. Hollow metallic 
O-rings are used like gaskets in static 
joints. 

These rings are made by forming stain- 
less-steel tubes in a hoop shape, then 
welding the ends together, and finally, 
the weld is ground flush. There are two 
types of static ring joints for metallic 
O-rings: Fully-confined gasket joints, and 
semi-confined joints. 

O-rings used in both types of joints 
rely on high localized pressures to cause 
cold-flow of the metal. This cold flow 
creates the seal, just as an ordinary 
gasket. 

Semi-confined joints are the most often 
used, Table 1. In these joints the ring 
is squeezed in only one plane. The 
groove, or gland, is shaped so that the 
ring is distorted out of round when the 
joint is tightened down. Sealing occurs 
on the two flattened faces of the ring. 
It is possible to use designs which seal 
on the OD or ID of the ring, but these 
applications are more difficult. 


A typical fully-confined joint for a 
hollow metal O-ring is formed by ma- 
chining two V-grooves in matching flange 


faces, Fig. 1. This joint resembles the 
ring joint used with ordinary solid metal 
rings. The volume of the V-groove is 
about equal to the volume of the O-ring. 
When the joint is bolted down, the O- 
ring is distorted to a round-cornered 
square shape. When clamping forces are 
released the ring never fully recovers 
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its round shape. Although this joint 
provides a good seal, concentricity re- 
quirements are critical, making the joint 
prohibitively expensive. 


Selection Factors 


Hollow metallic O-rings are made in 
standard sizes with diameters from % 
in. to 40 in. and with cross-sectional 
diameters from 0.035 to 0.500 in. Special 
orders are made with diameters up to 





Fig. 1—Fully confined hollow metal O- 
ring. Matching V-grooves are machined 
in the flange faces. When bolted down, 
the O-ring is distorted to a round-cor- 
nered square. 


Plain, Sealed Metallic O-ring 

Used for fully-confined or semi-confined 
designs. When used in _ fully-confined 
ring joints, standard metallic O-rings 
and pressure filled O-rings are useful at 
temperatures from —420 F to +3000 F. 
They will seal high vacuum, or pressures 
to 10,000 psi, and corrosive liquids and 
gases. Standard metallic O-rings will not 
seal in semi-confined designs to the same 
high temperatures and pressures as a 
pressure filled O-ring, but they are more 
economical. 


Self-Energizing Metallic O-rings 

Used exclusively for semi-confined de- 
signs. Inner periphery ts vented by small 
holes, therefore pressure inside the ring 
is the same as the pressure in the system. 
Since sealing occurs at two upper and 
lower points, increasing the internal pres- 
sure causes ring to be crammed into 
groove, increasing sealing effectiveness. 
Use this type for sealing at temperatures 
below 800 F and at pressures above 100 
psi. 


Pressure-filled Metallic O-ring 

Used for fully-confined or semi-confined 
designs. Ring is filled with an inert 
gas at usually about 600 psi. At elevated 
temperatures the gas pressure increases, 
offsetting the inherent loss of strength in 
tubing at high temperatures, and actually 
increasing the resilience. This ring cannot 
support the pressures that the self- 
energizing ring can endure, but it is 
useful in the temperature range of 800 F 
to 1500 F. 
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Fig. 2—Typical flange 


configurations for 





semi-confined 


hollow metallic O-ring. All designs limit amount of O-ring 
compression, and provide a mechanical back-up for the ring. 


Fig. 3—Hollow metallic O-ring with back-up ring. Back-up ring 
provides mechanical support, also limits amount of O-rin 
compression. When O-ring is compressed it flows outward, 
jamming up against ID of back-up ring. 


150 in. OD. They can be purchased 
in rectangular or other irregular shapes. 
Corner radii on rectangular shapes are 
generally limited to a minimum of four 
times the tube diameter 


Wall Thickness: Rings with relatively 
thin-wa!l thicknesses (0.010-in. wall for 
0.125-in. tube size) have slightly more 
resilience. Less flange loading is required 
for thin-walled rings. In fact, lower load- 


ings are necessary to yrevent collapse 


of the ring Also, the pressure which 
can be sealed varies directly with flange 
loading 

Thick-walled rings require higher flange 
loading, but will seal higher pressures. 
Resilience of a thick-walled ring is in- 
creased by pressure-filling or venting. 

The wall thickness required for any 
particular application depends a great deal 
on the nature of the confined fluid. 
Heavy liquids, which are easiest to seal, 
can be confined with thin walled rings. 
Gases, with their smaller molecule size 
and the absence of capillary attraction 
forces, require a coated, heavy wall ring. 


The heavy wall rings can support heavier 
flange loads and consequently provide 
tighter seals. 


Materials: Almost all rings are made 
from one of the types of stainless steels, 
with Type 321 being the most commonly 
used. Type 321 stainless is titanium- 
stabilized, which prevents carbide precipi- 
tation during welding. Other metals, 
such as aluminum, are available. 

Hollow metallic O-rings are often used 
with a Teflon coating to increase seal- 
ing effectiveness in grooves with poor 
finish. Also, coatings of silver and 
other metals are sometimes used. These 
coatings help to prevent seizing or gall- 
ing when the rings are used in screwed 
closures, and are mandatory to provide 
an effective seal against gases. 


Pressure: For vacuums, use a plain 
stainless steel ring with a silver, indium, 
or Teflon coating, or an aluminum ring 
with a Teflon coating. For pressures up 
to 100 psi use a plain ring with medium 


wall thickness. For pressures 100 psi to 


40,000 psi use a self-energized ring with 
a heavy wall. Coatings are necessary on 
rings sealing gases or volatile liquids 
under pressure. 


Temperature: At very cold temperatures, 
flanges, bolts, and O-rings should be 
made of the same material. Plain hol- 
low metallic O-rings can be used for 
the range —350 to 200F. At 550 to 
1200 F, use self-energized Inconel rings 
with silver plating. 


Designing for Hollow 
Metallic O-Rings 


There are certain requirements in ap- 
plying these rings which are essential 
to satisfactory operation. For instance, 
it is necessary to limit the amount that 
the ring is compressed, or distorted. 


Cross-sectional Squeeze: The amount of 
cross-sectional squeeze, or compression, 
which is required is governed by the pres- 
sure and temperature to which the ring 
will be exposed. 

The actual amount of squeeze which 
is required for sealing varies between 20 
to 30 per cent of the tube diameter, and 
the amount of compression force required 
to achieve this squeeze varies with the 
material and wall thickness of the tube. 
Fortunately, ring manufacturers have tabu- 


lated all of this data. 


The best way of limiting this squeeze 
is by housing the ring in a recess or 
groove in one of the faces of the joint. 
Then the faces of the joint can be 
clamped or bolted together without undue 
compression of the ring, Fig. 2. 


Mechanical Back-up: Some sort of me- 
chanical back-up is required for rings 
used in pressure-actuated designs. This 
back-up should contact the ring on its 
outside diameter, to prevent the pres- 
sure of the system from overstressing the 
O-ring in hoop tension. 


One popular way of limiting cross-sec- 
tional squeeze and providing mechanical 
backup at the same time is by using 
a separate back-up retainer ring, Fig. 3. 
The ID of this ring is a few thousandths 
larger than the free OD of the O-ring, 
and when the two are bolted together 
between flat flange faces the O-ring is 
given the proper cross-sectional squeeze. 
As the O-ring is compressed, it expands 
radially, so that it is tight against the 
back-up ring. 


Surface Finish: Flange and groove sur- 
faces which contact the O-ring must be 
32 microinches or better. Tool or grind- 
ing marks must be concentric with the 
ring. 
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Appendix 





THs chapter contains two major sections: 1. A rundown of seal and 
gasket standards and specifications. 2. A glossary of the terms as- 
sociated with seals and gaskets. 
The standards section contains a list of the more important stand- 
ards and specifications. Also, nine tables are included which cover often 
used standard dimensions for molded packings and their designs. These 


tables are: 


Table 1—Homogeneous U-Cup Packings 
Table 2—Leather and Fabricated V-Ring Packings 
Table 3—Leather and Fabricated Cup Packings 


Table 4—Leather Flange Packings 
Table 5—Leather U-Ring Packings 


Table 6—O-Ring Packings, Dovetail Groove 


There are literaliy hundreds of stand- 
ards and specifications defining seal and 
gasket properties. Many of these stand- 
ards and specifications overlap one an- 
other, however, and many perfectly good 
seals and gaskets do not have applicable 
standards. 

The standards that are available are 
issued by technical organizations and so- 
cieties, industry groups, and individual 
companies. 

National Standards: These cover the 
properties of seal and gasket products 
having broad usage by several consum- 
ing industries. Such standards are normal- 
ly developed under democratic standard- 
ization procedures, with all interested par- 
ties, both manufacturer and user, having 
full opportunity to participate. National 
standards are issued by standardization 
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Table 7—O-Ring Packings, Industrial Type 


Table 8—O-Ring Packings, Military Type 
Table 9—O-Ring Packings, Rotary Application 


The glossary lists, in alphabetical order, many of the 
special terms and nomenclature associated with seals and 


gaskets. 





organizations and _ technical societies 
which serve many interests, administer 
a wide variety of standardization activi- 
ties, and retain an attitude of impartiality. 


Industry Standards: Prepared and dis- 
tributed by organizations performing 
standardization work in specialized fields, 
these standards are usually limited in 
scope; they are normally patterned more 
to suit specifics than generalities. The 
development of such standards is basi- 
cally unilateral, with acceptance of other 
interested parties being solicited only after 
the preparing agency is well satisfied with 
the workability of the standard. 

General acceptance by a recognized na- 
tional standardization group is usually 
sought by submitting the standard with a 
request for its adoption. Before an indus- 
try standard can be promoted to national 


recognition, it is necessary to offer it for 
comment to all interested parties. Usually 
many revisions, refinements, additions and 
other changes are made before acceptance 
is gained. 

Company Standards: Independent pro- 
ducers or users issue these standards to 
cover their own particular requirements. 
Producers of proprietary items, specialties, 
and other patented seals and gaskets must, 
of necessity, issue their own standards. 
Such standards seldom are offered or 
would be considered for adoption as in- 
dustry or national standards. 

Military Specifications: Military speci- 
fications and standards are developed 
through the co-ordinated efforts of the 
Army, Navy, and Air Force, under the 
general direction of the Armed Forces 
Supply Support Center, Office of the As- 
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sistant Secretary of Defense, Supply and 
Logistics. They are primarily intended for 
use by the various branches and depart- 
ments within the military establishment. 
However, they have certain application 
outside of the Department of Defense. 

Listed here are many of the basic 
standards and specifications from various 
standardizing groups as well as sources of 
availability. Only national, industry and 
military standards are included. 


AF-NAVY 


Commanding Officer, Naval Aviation 
Supply Depot, 700 Robbins Ave, Phila- 
delphia 11, Pa., Attn. CDS 

Air Force-Navy Aeronautical Standard 
Drawings—Define parts dimensionally. 
These standards were developed by the 
Aeronautical Standards Group, and are 
noted by the prefix AN. A few are 


given here. 


AN6227 Packing, O-ring Hydraulic. 
AN6230 Gasket, O-ring Hydraulic. 
AN6244 Ring, Hydraulic Gasket Backup. 
AN6246 Ring, Hydraulic Packing Backup. 


AN10050 Bosses, Standard Dimensions for 
Gasket Seal Straight ‘Thread. 


AND10064 Fittings, Installation of Flared 
Tube, Straight-Threaded Connectors. 


AMS 


Aeronautical Material Specifications Div., 
Society of Automotive Engineers, Inc., 
485 Lexington Ave., New York 17, N. Y. 


Aeronautical Material Specifications—Ma- 
terial and process specifications for use 
in the aircraft industry. These speci- 
fications are actually originated under 
the auspices of SAE. Some of the ma- 
terials covered are listed here. 


3202E Synthetic Rubber. 
$212H Synthetic Rubber. 


3230 Asbestos Combined with Natural or 
Synthetic Rubber. 


3231 Asbestos Bonded to Synthetic Rubber. 


3232G Asbestos Combined with Synthetic 
Rubber. 


3250B Synthetic Rubber and Cork Com- 


position. 


3251B Synthetic Rubber and Cork Com- 
position. 


3252B Synthetic Rubber and Cork Com- 
position. 
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American Standards Association, Ob- 
tained from American Society of Me- 
chanical Engineers, 29 West 39th St., 
New York 18, N. Y. 


B16.20 Ring-Joint Gaskets and Grooves 
for Steel Pipe Flanges. 


B16.21 Nonmetallic Gaskets for Pipe 
Flanges—Lists types and sizes, materials, 
dimensions and tolerances, plus equa- 
tions for determining diameters. 


B31.1 Code for Pressure Piping. 


ASME 


The American Society of Mechanical En- 
gineers, 29 West 39th St., New York 18, 
N.Y 


Boiler and Pressure Vessel Code—Covers 
minimum construction requirements for 
the design, fabrication, inspection and 
certification of fired or unfired pressure 
vessels. Appendix II of Section VIII 
covers flange connections with ring-type 
gaskets. Minimum seating stresses and 
gasket factors are defined for all of the 
common gasket types. 


ASTM 


American Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa. 


D 15-58T Methods of Sample Preparation 
for Physical Testing of Rubber Products. 


D 314-52T Test for Hardness of Rubber 
—Covers method for determining hard- 
ness of the more common grades of 
rubber, such as gasketing. Does not 
cover extremely hard or soft rubbers. 
Test uses degree of penetration by 
rounded indentor as a measure. 


D 395-55T Test for Compression Set of 
Vulcanized Elastomers—Covers method 
of evaluating the ability of vulcanized 
elastomers that have been compressed 
at room temperature and then sub- 
jected to low temperature to recover 
from compressive deformation. 


D 471-57T Test for Change in Properties 
of Elastomeric Vulcanizates Resulting 
from Immersion in Liquids. 


D 531-56T Method of Test for Indentation 
of Rubber by Means of the Pusey and 
Jones Plastometer. 


D 573-53 Test for Accelerated Aging of 
Vulcanized Rubber by the Oven Method. 


D 575-46T Test for Compression-Deflec- 
tion Characteristics of Vulcanized Rub- 
ber. 


D 623-58 Compression Fatigue of Vul- 
canized Rubber—Covers a test method 
intended to compare rate of heat gen- 
eration and fatigue characteristics of 
rubbers subjected to dynamic compres- 
sion strains. 


D 676-58T Test for Indentation of Rub- 
ber by Means of a Durometer—Duro- 
meters are defined. Calibration curves 
and test conditions are given. 


D 733-57T Methods of Testing Com- 
pressed Asbestos Sheet Packing. Covers 
tests for tensile strength, bending, com- 
pressibility and recovery, aging, and 
fluid immersion. 


D 735-58T Specification for Elastomer 
Compounds for Automotive Applications. 


D 865-57 Method of Heat Aging of Vul- 
canized Natural or Synthetic Rubber by 
Test-Tube Method. 


D 926-56 Test for Plasticity and Recovery 
of Rubber and Rubber-Like Materials 
by the Parallel Plate Plastometer. 


D 945-55 Test for Mechanical Properties 
of Elastomeric Vulcanizates Under Com- 
pressive or Shear Strains by the Me- 
chanical Oscillograph. 


D 1129-55 Test for Low-Temperature 
Compression Set of Vulcanized Elasto- 


mers. 


D 1147-56T Compressibility and Recovery 
of Gasket Materials—Covers test for de- 
termining the short-time compressibility 
and recovery of sheet gasket material. 
It is not applicable to compressibility 
under prolonged stress application. 


D 1149-55T Test for Accelerated Ozone 
Cracking of Vulcanized Rubber. 


D 1170-58T Specification for Nonmetallic 
Gasket Materials for General Automo- 
tive and Aeronautical Purposes—In- 
cludes materials composed of asbestos 
or other inorganic fibers, cork, cellulose, 
or other organic fibers, in combination 
with various binders or impregnents. 
(Same as SAE Standard 90R) 


D 1171-57T Test for Weather Resistance 
Exposure of Automotive Rubber Com- 
pounds. 


D 1330-55T Specification for Sheet-Rub- 
ber Packing—Covers sheet rubber pack- 
ing intended for use with water, air, 
and low pressure steam. Not intended 
for use with oils and acids. 


D 1415-56T Test for International Stand- 
ard Hardness of Vulcanized Natural and 
Synthetic Rubbers. 


FEDERAL 





Business Service Center, General Serv- 
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ices Administration, Washington 25, 


D.C. 


HH-G-7la Gaskets; Asbestos-Copper, Cor- 
rugated—Covers gasket made of corru- 
gated, annealed copper, with the corru- 
gations filled with asbestos cord. In- 
tended for stem flange joints at pres- 
sures up to 300 psi and temperatures 
to 700 F. 


HH-G-76b Gaskets, Asbestos Metallic 
Cloth—Covers gaskets made from woven 
asbestos cloth with wire insertion which 
is frictioned with rubber. Intended for 
flange joints. 


HH-G-I0la Gaskets; Metallic-Encased— 
Covers two types of metallic-encased 
gaskets, single-jacketed and double- 
jacketed with and without inlays. In- 
tended for exhaust systems of internal 
combustion engines, air compressors, 
steam joints, fuel and air connections, 
etc. 


HH-G-156c Gaskets, General Purpose; 
Rubber (Natural or Synthetic) Molded, 
Sheet, and Strip—Covers material for 
all types of rubber gaskets and pack- 
ings. 


HH-P-3lb Packing Material, Asbestos, 
Metallic Cloth, Sheet and Tape—Covers 
asbestos metallic cloth packings for 
flange joints used for air, cold water, 
hot water, or brine under pressures up 
to 300 psi, and for steam under pres- 
sures up to 300 psi and temperatures 
up to 500 F. 


HH-P-34b Packing; Asbestos, Rod, Braided 
—Covers plain braided rod packing 
and packing with wire insertion. Lists 
required construction, weight, sampling 
and testing procedures, packing and 
marking instructions. 


HH-P-46b Packing; Asbestos, Sheet, Com- 
pressed—Covers compressed asbestos 
sheet packing which is used for the 
making of gaskets for joints in piping, 
valves, etc. 


HH-P-5!a Packing; Asbestos, Valve-Stem 
—Covers valve stem packings used on 
steam up to 600 psi and 600F, hot or 
cold water up to 300 psi, and fuel oil 
up to 500 psi and 250 F. 


HH-P-9la Packing; Fiber, Hard, Sheet— 
Covers hard, fiber packing, composed 
of pure cellulose. Includes only one 
grade, commercial B.H., or “Bone 
Hard.” 


HH-P-96d Packing; Fiber (Animal or 
Plant), Sheet—Covers fibrous sheet 
packing from which gaskets may be 
made. Used for gases of combustion 
up to 500 psi, gasoline up to 50 psi, 
and oil and water up to 150 psi. 


HH-P-112b Packing; Hydraulic—Covers 
cotton fabric plies, frictioned with rub- 
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ber, intended for use on rods and in- 
side-packed plungers and pistons. 


HH-P-117 Packing; Jute, Twisted—Covers 
jute packing made in rope form, which 
may be dry, tarred, or oiled. This 
packing is intended for calking of bell 
or spigot pipe. 

HH-P-126c Packing; Metallic, Flexible— 
Covers a packing approximately square 
in cross-section, made of metal foil 
ribbon or strands, usually wrapped or 
braided around a nonmetallic core. This 
packing is intended for rod service and 
for slip joints. 


HH-P-13lce Packing; Metallic and Non- 
metallic, Plastic—Covers packing used 
for rods, valve stems, expansion joints, 
and slip joints. Packing consists of 
metal particles mixed with asbestos fi- 
ber, graphite, and a binder; or, asbestos 
fiber, graphite, and a binder. The term 
plastic is used in the strict sense, i.e. 
a material capable of being deformed 
continuously without rupture. 


HH-P-I51b Packing; Rubber, Cloth-Inser- 
tion—Covers a packing consisting of al- 
ternate layers of rubber and cotton 
fabric. Intended for flange joints for 
water or brine up to 250 psi, and 
ventilation systems. 


HH-P-166b Packing Material, Semimetal- 
lic—Covers a packing intended for re- 
ciprocating-rod service. Consists of con- 
tinuous woven cloth, frictioned with 
rubber, fastened to a metallic, con- 
tinuous bearing surface. 


KK-L-231 Leather; Packing, Chrome-Vege- 
table-Retanned. 


JIC 





Production Engineering Section, Manu- 
facturing Staff, General Motors Corp., 
Detroit 2, Mich. 


JIC Hydraulic Standards—Covers design 
criteria and definitions of hydraulic 
equipment components. 


MIL 


Air Materiel Command, Wright-Patter- 
son Air Force Base, Dayton, Ohio, or, 
U. S. Naval Air Station, Johnsville, Pa. 


MIL-G-5510 Gaskets; Straight Thread 


Tube Fitting, Boss. 


MIL-G-1086 Gasket Material, Synthetic 
Rubber (For Bolted Steel and Alumi- 
num Tanks)—Covers synthetic rubber 
gasket material used on tanks storing 
gasoline, oil, water or asphalt. 


MIL-G-20241 Gasket Material, Wool Felt, 
Impregnated, Adhesive, Pressure-Sensi- 
tive (Symbol 2291)—Covers gasket ma- 
terial intended for use in ventilation 
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ducts, and as faying material between 
dissimilar metals. Material is coated on 
one side with a thin film of pressure- 
sensitive adhesive. 


MIL-G-12803 (ORD) Gasket Materials, 
Nonmetallic—Covers material require- 
ments for the various gasket stocks 
made from nonmetallic materials. Does 
not cover cut or molded gaskets, nor 
single materials such as sheet cork, 
sheet plastic,-and sheet rubber, which 
are covered by other specifications. 


MIL-G-14243 (ORD) Gaskets; Steel and 
Asbestos—Covers three types of steel and 
asbestos gaskets intended for automo- 
tive, high temperature applications such 
as manifold and cylinder head gaskets. 


MIL-L-10331 Leather, Moisture and Mold 
Resistant Treatment. 


MIL-O-4861 O-rings, Rubber, Preformed, 
Packing, Packaging of. 

MIL-P-5514 Packings: Installation and 
Gland Design, Hydraulic General Speci- 
fication for—Establishes basic design 
criteria for the use and application 
of O-ring packings, O-ring gaskets, O- 
ring glands, and related features. 


MIL-P-5516B Packings and Gaskets, Pre- 
formed, Petroleum Hydraulic Fluid Re- 
sistant—Covers V-ring packings, U-ring 
packings, and O-rings intended for use 
in hydraulic systems, shock absorbers, 
and other applications where petroleum 
based hydraulic fluids are used. 


MIL-P-25732 Packing, Preformed, Petrol- 
eum Hydraulic Fluid Resistant, 275° F— 
Covers one type of O-ring intended for 
use in hydraulic systems with fluid con- 
forming to MIL-H-5606, at temperatures 
from —65F to +275 F. 


MIL-R-003065 Rubber and Synthetic Rub- 
ber Compounds; Mechanical and Gen- 
eral Purpose. 


MIL-R-5521 Ring; Hydraulic Packing 
Backup. 


MIL-R-14328 (CE) Rubber, Synthetic, 
Medium Soft, General Purpose Gasket 
Material (For Extreme Climatic Condi- 
tions). 


MIL-S-45005 (ORD) Seal, Plain, and Seal, 
Plain, Encased: Fluid, Radial, Single 
Sealing Member—Covers single sealing 
member fluid seals, or as they are more 
commonly known, oil seals, lip seals, or 
radial positive-contact seals. Includes 
both leather lip seals and synthetic 
rubber lip seals, with or without case. 


MIL-STD-413 Visual Inspection Guide for 
Rubber O-rings. 


MS9058 Ring, Backup, Boss Connection, 
AMS 3651. 


MS28772 Packing, D-Ring, Shock Strut. 
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MS28774 Ring, Packing Backup, Single 
Turn, Tetrafluoroethylene. 

MS28775 
+275° F. 


Packing, O-ring, Hydraulic, 


MS28777 Ring, Hydraulic Fitting, Gasket 
Backup. 


MS28778 Packing, Preformed, Straight 
Thread Tube Fitting Boss. 

MS28782 Ring, Packing, Backup Teflon. 

MS28783 Ring, Gasket, Backup, Teflon. 


MS33514 Fitting End, Standard Dimen- 
sions for Flareless Tube Connection and 
Gasket Seal. 


MS33656 Fitting End; Standard Dimen- 
sions for Flared Tube Connection and 
Gasket Seal. 


MS51000 Seal, Plain Encased; Spring 
Loaded; Single Sealing Member. 


VA 
Edges smooth, 
level and 
free of flash 


Dash 
Number 


Dimensions —Nominal Size— 
Wand L ID oD 
(im. (in.) (in.) 


ary 

Ww 
1 
1% 
1 . 


1% 
1% 
1% 
1% 


1% 


Dash numbers shown in this table are for 
reference only and apply specifically to this 





X= 


MS51001 Seal, Plain; Non-Spring Loaded; 
Single Sealing Member. 


SAE 


Society of Automotive Engineers Inc., 
485 Lexington Ave., New York 17, N. Y. 


SAE Handbook—Published annually, this 
book covers all SAE standards, recom- 
mended practices, and information re- 


ports. A few of these are listed. 


10R Specification for Elastomer Com- 
pounds for Automotive Applications— 
Conforms with ASTM D735. 


90R Nonmetallic Gaskets for General Au- 
tomotive Purposes—Portions of this con- 
forms to ASTM D 1147, portion con- 
forms to ASTM D 1170. 


110R Bench Leakage Test for Automotive 


Standard Nominal Sizes 


Section X-X 


Radial Oil Seals for Rotating Shafts— 
Covers equipment and procedure for 
lip-type radial oil seal testing. 





Radial Seal Ni lature—Recommended 
practice for radial positive-contact seals. 


120R Rubber O-rings for Automotive Seal 
and Packing Applications. 


130R Nonrigid Thermoplastic Compounds 
for Automotive Applications—Covers 
compounds with durometer A hardness 
range from 50 to 90. Enables specifi- 
cation of nonrigid plastics in coding sys- 
tem similar to SAE 10R or ASTM D 
735. 


Felts—Covers all felt grades and 
recommended uses for them. 


lists 


Lathe Cut Seals—Lists recommended di- 
mensions and groove designs for rec- 
tangular squeeze-type packings similar 
in application to O-ring. 


Enlarged Section 





Diameters + 0.005———— 
B Cc 


(in.) (in.) (in.) 


0.265 
0.390 
0.515 
0.640 
0.765 


0.735 ly 
0 860 & 
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1.110 % 
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360 
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640 2.235 
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2.735 
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2.985 
3.110 


3.235 
3.485 
3.735 
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drawing. Materials and sizes shown are for 
guidance only when these types are used. It 
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0.030 
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0.050 
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0.032 
0.032 
0.032 
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0.093 
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0.125 
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0.125 
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0.035 
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should not be construed that other types of 
packing are not acceptable. 
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Standard Nominal Sizes 
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Dimensions 
B +0.010 (in.) 


Nominal ID Nominal OD 
(in.) (in.) 


Dash 
Number 
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Section R (in.) 
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Dash numbers shown in this table are for reference only and apply 
specifically to this drawing. 

The above are nominal commercial sizes recommended for new designs. 
Other sizes for equipment already in use are available. 

Materials and sizes shown are for guidance only when these types 
are used. It should not be construed that other types of packing are not 
acceptable 

Dimension R applies only to leather V-ring packings. 

Included angle for homogeneous V-ring packings may vary slightly 
from 90 deg. 





Standard Nominal Sizes 
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Dash numbers shown in this table are for reference only and apply 
strictly to this drawing 

Materials and sizes shown are for guidance only when these types 
are used. It should not be construed that other types of packing are 
not acceptable. 

Recommended dimensions shown are contingent upon observance of 
the maximum diametral clearances between back follower plate and the 
cylinder wall. 

*For Fabricated Cup Packings, 9 Max = \% in. 
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Standard Nominal Sizes* 
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*Based on packing ID 
The above are nominal commercial sizes recommended for new 
signs. Other sizes for equipment already in use are available. 


de- 
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Materials 
are used 


above 


are nominal commercial 


sizes recommended for new de- 


r sizes for equipment already in use are available. 


and sizes shown 


are for guidance only when these types 


It should not be construed that other types of packing are 


Materials and sizes shown are for guidance only when these types 
are used. It should not be construed that other types of packing are 
not acceptable. 

Dash numbers shown in this table are for reference only and apply 


not specifically to this drawing. 


Standard Size and Installation Data 
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A Y 
——Groove Length——— Groove Depth 
Sharp Edge Rounded 


O-Ring O-Ring 


No, 
eens tolerance 


+ 0.002 


tolerance 


+0.002 +0.000-0.002 





0.052 
0.083 
0.115 
0 180 
0.234 


0.063 
0.090 
0.120 
0.170 
0.235 


0.057 
0.085 
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425 


@=— 24° +1° 
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349 
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First cut groove, leaving sharp edge at corners, then round off to A dimension. 
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Dimensions and Nomenclature for Industrial and 
Aircraft Type O-Rings, Table 7 and Table 8. 
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Standard Size and Installation Data 
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. Clearance must be held to an absolute minimum consistent with 
design requirements for temperature variations, and shovid not 
exceed values shown in Table. 

Diametral squeeze indicates minimum interference between 
packing cross-sectional diam. and C dimension. Variation in 
recommended static seal squeeze may be necessary to facilitate 
installation. 

Total indicator reading between groove and adjacent 


surface. 


bearing 
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. If space is limited, reduce D by substituting actual O-Ring cross- 


. All surfaces and corners 


. Gland dimensions for static 


to high tolerance plus static seal squeeze. 
must be without tool marks, nicks or 


sectional diam. 


scratches. 

or nonstandard installations are 

calculated as follows: 

Max. bore diam. minus two times max. gland width--Min. piston 
groove diam. 

Min. rod diam. plus two times max. gland width=-Max. gland 


groove diam. 
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Standard Size and Installation Data 
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Standard Size and Installation Data 





DYNAMIC SEALS STATIC SEALS 
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Standard Size and Installation Data 


Refer to sketch on page 121 for nomenclature. 
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Standard Size and Installation Data 





DYNAMIC SEALS STATIC SEALS 
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cross-sectional diam. and C dimension. Variation in recommended scratches. 

static seal squeeze may be necessary to facilitate installation. 7. Sizes and dimensional data covered by —001 through —005 are 
4. Total indicator reading between groove and adjacent bearing standards recommended by the SAE on ARP267. 

surface. 8. The same diameter applies to both the piston rod and piston 
5. If space is limited, reduce D by substituting actua! O-Ring groove dimensions, with different tolerances (as shown in 

cross-sectional diam. to high tolerance plus static seal squeeze. ‘“‘Recommended Tolerances’’ column) applied to the piston groove 
6. All surfaces and corners must be without tool marks, nicks or diameters for manufacturing considerations. These tolerances 
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Standard Size and Installation Data 





DYNAMIC SEALS STATIC SEALS 
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(also applied to the rod gland groove diameters) provide the groove diam. 
only difference between the cylinder bore and rod gland groove Min. rod diam. plus two times max. gland width=—Max. gland 
diameter dimensions. The rod diam., piston groove diam., bore groove diam. 
diam and rod giand groove diam., are based on nominal 9. On axial squeeze seals, Military application uses actual O-ring 
dynamic seal gland dimensions. Gland dimensions for static or OD minus tolerances as the OD of O-ring groove instead of 
nonstandard installations are calculated as follows nominal O-ring OD. 
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O-ring 
Actual ID 
(in.) 


O-ring 
Actual W 
Cin.) 


Actual 


A diam (in.) 


Groove 


Length 
Cc (in.) 


Bearing 
Length 
D min, (in.) 


Shaft and 
Bearing 

Clearance on 

each side (in.) 





0.140-0.150 


0.171-0.181 
0.203-0.213 
0.234-0.244 
0. 296-0.306 
0.359-0.369 


0.357-0.367 


0.419-0.429 
0.482-0.492 
0.544-0.554 
0.607-0.617 
0.669-0.679 
0.732-0.742 


0. 790-0. 802 


0. 853-0. 865, 
0.915-0.927 
0.975-0.990 
1.040-1.052 
1.103-1.115 
1.165-1.177 
1.228-1.240 
1. 290-1.302 


0.067-0.073 


0. 100-0. 106 


0.135-0.143 





0.1240-0. 1250 


0.1552-0. 1562 
0.1861-0.1875 
0.2173-0.2187 
0. 2486-0. 2500 
0.2798-0. 2812 


0.3110-0.3125 


0.374 -0.375 
0.436 -0.438 
0.498 -0.500 
0.560 -0.562 
0.623 -0.625 
0.685 -0.687 


0.748 -0.750 


0.810 -0.812 
0.873 -0.875 
0.935 -0.937 
0.997 -1.000 
1.061 -1.063 
1.123 -1.125 
1.186 -1.188 
1.248 -1.250 


0.287-0.289 
0.318-0.320 
0.349-0.351 
0.381-0.383 
0.412-0.414 


0.500-0.502 


0.562-0.564 
0.625-0.627 
0.687-0.689 
0. 750-0. 752 
0.812-0.814 
0.875-0.877 


1.004-1.006 


1.066-1.068 
1.129-1.131 
1.191-1.193 
1.254-1.256 
1.316-1.318 
1.379-1.381 
1,.441-1.443 
1.504-1.506 


0.064-0.070 


0.095-0.101 


0.126-0.130 








0.0008-0.001 


0.001 -0.0015 


0.0615-0.002 
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Glossary 





Gaskets, seals and packings presently available offer an 
extraordinary number of types, sizes, and characteristics to 
match the wide range of design requirements. 

Almost matching this diversity are the specialized terms 
associated with these products, their specification, manufac- 
This glossary is presented as an aid 


ture, and application. 


application. 


to proper specification of sealing devices. These terms are 


A 


Accumulator—Storage chamber in which 
fluid energy may be accumulated and 
from which it may be withdrawn. 


Actuator—Device for converting fluid 


energy into mechanical motion. 


Adapter—Support, usually in ring form, 
one side shaped so as to conform to 
the contour of a packing and the other 
to a related machine part, eg., male 
and female adapters for V-ring pack- 
ings. 


Additive—Chemical compound or com- 
pounds added to a fluid to change its 


properties. 


Adhesion—Susceptibility of a gasket or 
seal material to bond or stick to a con- 


tact surface. 


Aftercooler—Cooling device which oper- 
ates on pressure media after it has 
been pressurized. 


Aging, Air Oven—Means of accelerating 
the change in physical properties of 
rubber compounds by exposing them to 
the action of air at an elevated tem- 


perature 


Aging, Air Pressure Heat—Means of ac- 
celerating the change in physical prop- 
erties of rubber compounds by exposing 
them to the action of air under pressure 
at an elevated temperature. (See Air 

Bomb.) 


Aging, Oxygen Bomb—Means of accelerat- 
ing the change in physical properties 
of rubber compounds by exposing them 
to the action of oxygen at an elevated 
temperature and pressure. 
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Air Bomb—Similar to an oxygen bomb 
but used with air. Used for accelerated 
aging test of rubber. 


Air, Standard—Air at a temperature of 
68 deg. F, a pressure of 14.70 psi abso- 
lute, and a relative humidity of 36 per 
cent (0.0750 pound per cubic foot). 
In gas industries the temperature of 
“standard air” is usually given as 60 
deg. F. 


Aniline Point—Lowest temperature at 
which a liquid is completely miscible 
with an equal volume of freshly dis- 
tilled aniline. 


Antiextrusion Ring—Pad or washer used 
in combination with a packing to 
bridge a clearance and to minimize cold 


flow. See Bull Ring and Heel Pad. 


Antioxidants—Chemical material added to 
a polymer to give improved stability 
or aging properties when exposed to 
heat, sunlight or relatively high con- 
centrations of ozone. 


Assembly Plug—Tapered plug sometimes 
used as a guide to center a flange pack- 
ing during installation. 


Automatic Packing—Packing that seals 
between either stationary or moving 
parts without the need of pressure other 
than that provided by the fluid being 


sealed. 


Axial Mechanical Seal—Seal which seals 
in a plane perpendicular to the shaft 
centerline. Sometimes called End Face 
Seal. 


Axial Seal—Device which seals by virtue 
of axial contact pressure usually be- 
tween two surfaces in a plane at a 


intended to pertain only to these sealing devices, and their 


Many of the terms included in this glossary were developed 
through the co-operation of the National Fluid Power Associa- 
tion, the National Industrial Leather Association, and the 
Mechanical Rubber Goods Manufacturing Industry. 


right angle to the axis. It is usually 
used to seal rotating shafts. 


Back Connected—Where connections are 
made to normally unexposed surfaces 
of components. 


Back End—See Cap. 


Back Follower Plate—Packing support on 
the side opposite the sealing lip. It is 
usually used in connection with cups 
and may be the piston or plate to 
which the cup is fastened. 


Back Rind—Distortion at a mold parting 
line, usually in the form of a ragged 
or torn indentation. 


Backing Plate—See Back Follower Plate. 


Back-up Ring—Washer used for reinforce- 
ment on the side of a packing opposite 
the sealing lips. 


Balanced Seal—Axial mechanical seal 
which varies the contract force of the 
seal faces to match the pressure of the 
confined fluid. 


Base—See Side. 


Batch—Amount of polymers, fillers, plas- 
ticizers, etc., which are put on a mil! 
at one mixing cycle to give a resultant 
amount of uncured rubber compound. 


Bend—One-half a butt bend, that is, that 
portion of a butt bend resulting from a 
cut along the backbone dividing it into 
two similar parts. A butt bend is a 
tanned hide with the belly trimmed off 
and with the shoulder cut off at right 
angles to the backbone line at the fore- 
flank. 
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Bernoulli’s Law—If no work is done on 
or by a flowing frictionless liquid its 
energy due to pressure and velocity re- 
mains constant at all points along the 


streamline. 


Bevel—Angle that the lip of a packing 
makes with the plane of its base. 


Bevel Joint—Joint in a ring packing on a 
plane at an angle to the axis of the 
packing, but passing through its center. 


Bleed Connection—Connection to a lan- 
tern ring within a set, or to the space 
between two packings, to bleed away 
leakage. 


Bleeding—Rising to the surface of a fin- 
ished part, traces of a plasticizer or wax. 


Blind End—See Cap. 
Blind End Head—See Cap. 


Bloom—Cloudy or milky discoloration 
that sometimes appears on the surface 
of the O-ring after molding and stor- 
age; does not impair usefulness of 
O-ring. Same as Bleeding. 


Bolt Circle—Circle passing through the 
centers of the holes, in which bolts or 
studs are placed to fasten a packing 
in place. 


Bonded Seal—Form of Radial Positive- 
Contact Seal. 


Boyle’s Law—Absolute pressure of a con- 
fined body of gas varies inversely as 
the volume, provided the temperature 
remains constant. 


Break-away Friction—Force or pressure 
necessary to overcome static friction. 
See Friction, Static. 


Break-out—Rupture to the entire thick- 
ness of a packing, usually caused by 
fluid under pressure. 


Break Through—Same as Break-Out. 


Bull Ring—Leather washer installed in a 
packing recess for reinforcement and to 
bridge excessive clearances. See Anti- 
extrusion Ring. 


Butt Bend—Tanned hide with the belly 
removed and with the shoulder cut off 
at right angles to the backbone line at 
the fore-flank. 


Butt Joint—Joint in a packing ring cut 
on a plane passing through its axis. 


Butt Seam—Joint formed by placing two 
pieces of leather edge to edge without 
overlapping. 


Cc 


Cap—Cylinder end closure which com- 
pletely covers the bore area. 


Cased Seal—Form of Radial Positive- 
Contact Seal. 
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Centipoise—Unit of absolute viscosity. 1 
centipoise equals 0.01 poise. 


Centistroke—Unit of kinematic viscosity. 
1 centistoke equals 0.01 stoke. 


Chalking—Formation of a powdery surface 
condition due to disintegration of sur- 
face binder or elastomer due to weather- 
ing or other destructive environments. 


Chamfer—To eliminate a sharp edge at a 
corner by breaking or cutting the cor- 
ner at an angle. Sometimes refers to 
the broken edge or surface formed by 
the cut. 


Channel—Fluid passage, the length of 
which is large with respect to its cross- 
sectional area. 


Charles’ Law—Volume of a fixed mass 
of gas varies directly with absolute tem- 
perature, provided the pressure remains 
constant. 


Choke—Restrictor, the length of which is 
relatively large with respect to its 
cross-sectional area. 


Chrome Leather—Hides tanned with a 
mineral agent. The processes used dif- 
fer somewhat, but all employ one or 
more salts of the metal chromium, 
principally chrome sulphate or bi- 
chromate of potash or soda. 


Clarifier-—Device for removing harmful 
materials which affect the properties 
of a fluid. A clarifier is usually an 
auxiliary unit. 


Cleaner—Device for the removal of solids 
from an intake line. 


Closed Hydraulic System—System in 
which the hydraulic fluid or pressure 
medium is not open to the atmosphere 
at any point. It is the opposite of an 
open hydraulic system. 


Coefficient of Thermal Expansion—Ratio 
of the change in dimensions of a body 
at a given temperature to its original 
dimensions per deg temperature change. 


Cold Flow—Continued deformation under 


stress. 


Combination Tanned—Hides tanned by 
two or more agents, such as mineral 
and vegetable. 


Compounder’s Modulus—Stiffness measure- 
ment extensively used by rubber tech- 
nologists and is expressed as “modulus 
at 300 per cent” or “300 per cent 
modulus” (any other per cent elonga- 
tion may be indicated but 300 per 
cent is very commonly used). By this 
it is meant the tensile ‘stress at the 
indicated elongation. 


Compressibiiity—Property of exhibiting 
compression under load. In the case 
of sheet material the per cent loss 
of thickness when subjected to a given 
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load applied by a disc of given diam- 
eter for a predetermined short time and 
at a predetermined temperature as de- 
fined in ASTM D-1147. 


Compressible (Gasket)—Exhibiting com- 
pression under stress. Sometimes limited 
to products which exhibit volume com- 
pression—thus, rubber products contain- 
ing no voids said to be “incompress- 
ible.” 


Compression (Gasket)—Reduction in one 
dimension as the result of application 
of stress. May or may not be accom- 
panied by increase in other dimen- 
sions. 


Compression Modulus—Ratio of the com- 
pressive stress to the resulting compres- 
sive strain (the latter expressed as a 
fraction of the original height or thick- 
ness in the direction of the force). 
Compression modulus may be either 
static or dynamic. 


Compression Packing—Packing which is 
compressed in installation to form a 
seal or leak-proof joint. The reduction 
is made in one dimension which may 
or may not be accompanied by increases 
in the other dimensions. 


Compression Seal—Seal that is formed by 
compressing a packing by means of such 
devices as a gland nut or bolts. 


Compression Set—Residual decrease in 
thickness of a specimen which has 
been subjected for a definite time to 
compressive deformation under specified 
conditions of load application and tem- 
perature. 


Compressor—Device for increasing the 


pressure of a gas. 


Concavity Factor—Rubber has no elastic 
limit and the entire stress-strain curve 
is concave toward the stress axis or 
away from the strain axis. The rela- 
tive amount that rubber varies from 
the Hookes’ Law ideal curve is known 
as “concavity factor” determined as the 
ratio between the energy of the exten- 
sion curve to the straight line curve 
to the same point. 


Conformity Coefficient—Same as m value. 
Contact-Pressure Ratio—Same as m value. 


Control—Device used to regulate the 
function of a component or system. 


Corrosion — Chemical disintegration of 
the surface of a metal where it is in 
contact with a packing. The corrod- 
ing agent is usually a fluid medium en- 
trapped between the contacting sur- 
faces. 


Corrosion-Inhibiting—Property of a gas- 
ket or packing material to actively pre- 
vent or retard the corrosion of adjacent 
metal faces. 
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Cracking—Sharp break or fissure in the 
surface of a packing or a piece of 
leather usually caused by the leather 
being bent sharply. 


Crazing—Surface effect on rubber articles 
characterized by multitudinous minute 


cracks 


Creep—Deformation occurring with the 
lapse of time, in both cured and un- 
cured rubber, in a body under stress 
in addition to the immediate elastic 

Some related terms and 
stress-relaxation hys- 


deformation 
properties are 
teresis, damping, flow, compression-set, 
(See Cold Flow). 


and viscosity 


Creep-Relaxation (Flange Gasket)—Type 
of relaxation encountered in bolted 
flange joints—ie., loss of stress accom- 
panied by constantly decreasing com- 


pressed thickness. 


Crimp—Term frequently applied to a U- 
packing used in cctton seed oil mills 
and cotton gin presses. 


Cross Section—Area of a seal or packing 
in the plane which is perpendicular to 


tS AXIS. 


Crude Rubber—Generally means natural 
rubber or a compounded rubber which 
has not undergone vulcanization. 


Cup Packing—Molded packing consisting 
of a flat disc-like base section with its 
outer periphery turned up to form a 
cylindrical or conical sidewall or seal- 


ing lip. 


Curatives—Chemicals such as sulphur 
which, with the addition of heat, bring 
about cross linkage of a polymer great- 
ly improving and stabilizing the re- 
sultant rubber material. 


Curing Date—Date when rubber parts 
were molded. For O-rings, (257) means 


second quarter 1957. 


Currying—Process of incorporating oil 
and greases into leather after tanning 
und otherwise preparing it for specific 


purposes for which it may be intended. 


Cushion—Device which provides con- 


trolled resistance. 


Device for converting fluid 


Cylinder 

energy into linear motion. It usually 
consists of a movable element such as 
a piston and piston rod, plunger, or 
cylindrical 


ram operating within a 


bore. 


Cylinder Cushion—Cushion built into a 
cylinder to restrict flow at the outlet 
port thereby arresting the motion of 
the piston rod. 


D 


Denier—Unit of yarn weight. The num- 
ber of unit weights of 0.05 gm per 
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450-meter length. A yarn numbering 
system based on denier units. Denier 
is equal numerically to the number of 
grams per 9000 meters. 


Density—Ratio of a mass of a body to 
its volume. For all practical purposes, 
it may be considered as the ratio of the 
weight of a body to its volume. See 
Specific Gravity. 


Depth—Overall axial dimension of a 
packing. It is also sometimes used to 
designate the overall height of a set of 
V-packings with or without adapters. 


Diagonal Ring—Pair of mating packing 
rings, one of which has one face con- 
vex-conical and the other has one face 
concave-conical. 


Diameter—Length of a straight line pass- 
ing through the geometric center and 
terminating at the periphery of an 
object. 


Diameter, Inside—Length of a straight 
line through the geometric center and 
terminating at the inner peripher, of 
a cored object. 


Diaphragm — Relatively thin, flat or 
molded leather piece, fastened and 
sealed at its periphery with its inner 
portion free to move or be moved by 
a fluid. Motion is usually transferred 
to or from it by a rod secured at its 
center. It is sometimes used as a 
separator between two fluids under con- 
ditions of changing volume. 


Die-Formed Spiral—Packing helix com- 
pressed to form a sleeve. Although 
sometimes referred to as solid, corre- 
sponds in fact to a ring with a very 
shallow bevel joint making one or 
more complete turns. 


Dished Diaphragm—Molded diaphragm 
in which the entire center is depressed 
below the plane of the rim. It is 
designed to permit longer travel than 
a flat diaphragm of the same diameter. 


Double Acting Piston—Piston which re- 
ciprocates and in which the movement 
in both directions is caused by the 
action of a fluid, or in which the move- 
ment of the fluid in both directions is 
caused by the reciprocating action of 
the piston. 


Double Cup—Name sometimes applied to 
a U-ring packing, i.e., a molded packing 
turned up at both inner and outer 
peripheries to form cylindrical or con- 
ical sidewalls or sealing lips. 


Double Element Seal—Radial positive- 
contact seal with two sealing elements 
which may be tandem mounted or 
opposed. 


Durometer—Instrument for measuring the 
hardness of an elastomer. It measures 
the resistance to penetration of an in- 


dentor point into the surface of the 
elastomer. 


Durometer Hardness—Comparative indi- 
cation of elastomer hardness determined 
by a durometer. 


Dynamic Seal—Sealing device between 
two members or parts which move with 
respect to one another. 


Eccentricity—Radial distance between the 
centers or axes of two members is the 
eccentricity of one member with respect 
to the other. A piston is eccentric 
with its cylinder if the centers of the 
two do not coincide. Eccentricity of 
a seal may be static, or caused by shaft 
whip, or by shaft runout. 


Effective Diameter (Diaphragm)—Diam- 
eter corresponding to that of a packed 
piston which would give the same 
thrust at the same fluid pressure. Gen- 
erally assumed as midway between out- 
side and inside working diameters. 


Elastic Limit—Greatest stress which ma- 
terial is capable of developing without 
a permanent deformation remaining 
upon complete release of the stress. 


Elastomer—Elastic, rubber-like material. 


Elongation—Increase in length caused by 
a tensile force and expressed numerical- 
ly as a fraction or percentage of the 
initial length. 


Enclosure—Housing for components. 


End—In hydraulic cylinders, either of 
two envelope surfaces at right angle 
or normal to the piston rod centerline. 


End Face Seal—See Axial-Mechanical 
Seal. 


End Plate—Attached to face of stuffing 
box, on axial mechanical seals, and 
serves as a sealing face against the ro- 
tating seal head. 


Endurance Test—Service or laboratory 
test conducted upon a packing until 
failure. ¥ 


Expander—Usually a device to expand 
the walls of a cup so as to maintain 
a sealing contact between its lip and 
the cylinder wall. 


Expander Spring—Radial spring used to 
force the walls of a cup outward against 
the cylinder wall. 


Extreme Pressure Lubricant—Fluid com- 
pounded with certain additives to in- 
crease its load-carrying ability. 


Extrusion—Distortion or flow of part 
of a seal or gasket into clearance 
between mating metal parts. 
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Face Seal—Same as Axial Seal. 


Fatty Oil—Fluid composed of fats de- 
rived from animal, marine or vegeta- 
ble origin. It may contain additives. 


Female Adapter—Support used in con- 
junction with a V-packing and hav- 
ing one surface shaped to conform to 
the outside contour of the V-packing 
and its other surface conforming to that 
of the bottom of the packing recess. 


Filler—Usually a material with which 
leather or paper is impregnated to de- 
crease its porosity and/or increase its 
hardness. It is also a material some- 
times used in conjunction with a pack- 
ing to keep it in shape and/or in place. 


Filter—Device through which fluid is 
passed to separate matter held in sus- 
pension. 


Fin—See Flash. 


Finger Spring—Spring of flat sheet metal 
stamped with a series of fingers and 
usually used to push the wall of a cup 
outwards against the cylinder surface, 
or the lip of a radial positive-contact 
seal against a shaft or piston. 


Fire Resistant—Material or fluid difficult 
to ignite which shows little tendency 
to propagate flame. 


Flange—Mounting device consisting of a 
plate or collar extending past the basic 
cylinder profile to provide clearance 


area for mounting bolts. A flange is 
usually at right angle or normal to the 
piston rod centerline. 


Flange Packing—Molded packing con- 
sisting of a flat washer-like base with 
its inner periphery turned up to form 
a cylindrical or conical sidewall or 
sealing lip. 


Flash—Excess material protruding from 
the surface of a molded part, appearing 
at the mold parting line or mold vent 
points. 


Flash Point—Temperature at which a 
fluid first gives off sufficient flamma- 
ble vapor to ignite when approached 
by a small flame or spark. 


Flat Diaphragm—Flat or molded mem- 
brane which separates two fluid-tight 
chambers. 


Flex Cracking—Surface cracking induced 
by repeated bending or flexing. 


Flex Test—Laboratory method used to 
evaluate the resistance of an article 
to repeated bending. 


Flow Cracks—Surface imperfections due 
to improper flow and failure of stock 
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to knit or blend with itself during the 
molding operation. 


Flow, Laminar—Flow situation in which 
motion occurs as a movement of one 
layer of fluid upon another. 


Flow Marks—Evidence of material flow. 
Flow, Metered—Flow at a controlled rate. 


Flow Rate—Number of units of volume 
of a fluid passing through any channel 
in one unit of time. 


Flow, Steady State—Flow situation where- 
in conditions such as pressure, tempera- 
ture, and velocity at every point in 
the fluid do not change. 


Flow, Turbulent—Flow situation in which 
the fluid particles move in a random 
manner. 


Flow, Unsteady—Flow situation wherein 
conditions such as pressure, temperature 
and velocity at points in the liquid 
change. 


Flowed-In Gasket—Gasket made in situ 
by drying a solution or dispersion. 


Fluid—Liquid or a gas. 


Fluid Emulsion, Oil in Water—Disper- 
sion of oil in a continuous phase of 
water. 


Fluid Emulsion, Water in Oil—Disper- 
sion of water in a continuous phase 
of oil. 


Fluid Emulsion, Water-Oil—Stabilized 
mixture of two immiscible components, 
water and oil. It may contain addi- 
tives. There are two types, Oil in 
Water and Water in Oil. 


Fluid Friction—Friction due to the vis- 
cosity of fluids. 


Fluid, Phosphate Ester—Fluid composed 
of phosphate esters. It many contain 
additives. 


Fluid, Phosphate Ester Base—Fluid which 
contains a phosphate ester as one of 
the major components. 


Fluid, Polyglycol—One-aqueous fluid 
composed of polyglycols or polyglycol 
derivatives. It may contain additives. 


Fluid Power—Power transmitted and 
controlled through use of a pressurized 
fluid. 


Fluid Power System—System that trans- 
mits and controls power through use 
of a pressurized fluid within an en- 
closed circuit. 


Fluid Relief—Loss of gasket load result- 
ing from the introduction of fluid pres- 
sure into the interior of a bolted flange 
joint, and consequent development of 
tension stresses in the walls of the 
container. 
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Fluid, Silicate Ester—Fluid composed of 


organic silicones. It may contain ad- 
ditives. 


Fluid, Silicone—Fluid composed of sili- 
cones. It may contain additives. 


Fluid, Water-Glycol—Fluid whose major 
constituents are water and one or more 
glycols or polyglycols. 


Flushing Connection—Connection to a 
lantren ring located at the inner end 
of the packing set and fed with a large 
volume of sealing fluid. 


Flutes—Grooves cut in a back support 
plate or inside follower plate to assist 
in holding a packing in position. 


Folded (Packing) — Constructed from 
folded strips of rubberized fabric. 


Folded-Fabric Packing—A packing made 
by creasing and folding a rubberized 
fabric strip, or series of such strips 
joined end to end. 


Follower Plate—Flat, firm support for 
a packing. 


Foot—See Lug. 
Friction—See Frictional Drag. 


Friction—Rubber acthesive compound ap- 
plied to and impregnating a fabric, 
usually by means of a calender with 
rolls running at different surface speeds, 
hence the name friction. The process 
is called frictioning. Sometimes used to 
erroneously denote adhesion. 


Friction, Break-Out—Initial friction de- 
veloped when a seal is employed as a 
moving or dynamic seal. 


Friction, Coefficient of—Ratio of the 
normal force pressing one surface 
against another to the force parallel 
to the surfaces required to move one 
with respect to the other. 


Friction, Kinetic—Frictional force  re- 
quired to maintain a body in motion 
sliding over a_ surface. 


Friction Pull—See Frictional Drag. 


Friction, Running—Constant friction de- 
veloped after a seal is in motion. 


Friction, Static—Frictional force required 
to start a body in motiorf over a sur- 
face. 


Frictional Drag—Force developed by a 
packing sliding on a surface, such as 
a cylinder, in the direction opposite to 
the motion. It is equal to the force 
required to slide the packing on the 
surface in the direction of the motion. 
It is usually expressed numerically in 
pounds, pounds per square inch of wear 
face, or pounds per circumferential 
inch. 


Frictional Force—See Frictional Drag. 
Front Connected—Where connections are 
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made to normally exposed surface of 
components. 


Front End—See Head. 
Front Face—See Head 
Front Head—See Head. 


Fuel, Aromatic—Fuel which contains 
benzene or other aromatic hydrocar- 
bons (causes high swell of rubber). 


Fuel, Non-Aromatic (Aliphatic)—Fuel 
which is primarily composed of straight 
chain hydrocarbons (causes little swell 
of rubber). 


G 


Garter Spring—Helical wire spring with 
its ends connected and used to push the 
lip of a packing against the sealing 
surface. 


Gas Blisters—Bubbles of air or gas usu- 
ally indicated by a protrusion on the 
surface of a molded rubber part. 


Gasket—Flat piece of material which is 
clamped between faces and acts as a 
static seal. 


Gasketing—Material in bulk form from 
which gaskets may be cut. 


Gland—Cavity into which a packing is 
installed. Includes the groove and co- 
operating surface of second part which 
together confine the packing. 


Gland Follower—Gland, or that portion 
of a gland, that extends into a stuffing 
box to retain or compress a packing. 


Gland Packing—Packing usually _rec- 
tanguler in cross-section installed in 
a stuffing box and held in position and 
compressed by the gland. 


Gland Plate—Same as End Plate. 


Graphite Impregnated—Rubber compound 
containing powdered or flaked graph- 
ite in sufficient amounts to reduce fric- 
tion or act as an effective lubricant 


H 


Halogenated—Fluid 
ogenated 
contain additives. 


composed of hal- 


organic materials. It may 


Hardness, Shore A—Durometer reading in 
degrees indicating the hardness of rub- 
ber. (Shore A hardness of 35 is con- 
sidered soft; 90 is considered hard.) 


Hat Packing—See Flange Packing. 
Head—In a hydraulic cylinder, the lead- 


ing cylinder end closure which covers 
the differential area between the bore 
area and the piston rod area. In axial 
mechanical seal, the assembly con- 
sisting of housing, end face member, 
and a spring assembly. 
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Head, Dynamic Discharge—Sum of the 
static discharge head, the discharge 
velocity head, and the discharge fric- 
tion head. 


Head, Dynamic Total—Sum of the dy- 
namic suction head and the dynamic 
discharge head. 


Head, Friction—Head absorbed in a fluid 
in motion due to friction. It is the 
equivalent head to overcome the fric- 
tion at the interior surface of a line 
and between the fluid particles. 


Heel—Corner formed by the juncture of 
the sidewalls and bottom of a pack- 
ing. 


Heel Clearance—Space between the heel 
of a packing and the working surface 
against which it operates. 


Heel Pad—Leather washer used with a 
cup-packing on the side opposite to th: 
to which pressure is applied to pro- 
vide support for the shoulder and re- 
duce possible extrusion. 


Hydraulic—Fluid suitable for use in a 
hydraulic system. 


Hydraulic Packing—Slab packing com- 
posed of fine cotton plies—used mainly 
for piston rings. 


Hysteresis—1. (General)—Irreversible _re- 
sistance to displacement. Measured by 
the work lost in a complete cycle of 
deformation and retraction. 2. (Dia- 
phragm)—Work lost in a complete 
cycle of deflection and recovery under a 
varying fluid pressure. 


Hysteresis Loop—1l. (General)—Area be- 
tween stress-strain curves of increasing 


and reducing stress. A measure of 
hysteresis. 2. (Diaphragm)—Area be- 
tween pressure-deflection curves under 
rising and falling pressures. A meas- 
ure of diaphragm hysteresis. 


Identification—Colored dots or strips on 
seals or gaskets, especially O-rings, 
usually constituting a code identifying 
the manufacturer and intended service 
of the part. 


Immediate Set—Deformation found by 
measurement immediately after removal 
of the load causing the deformation. 


Inhibitor—Substance which slows or pre- 
vents chemical reactions such as cor- 
rosion or oxidation. 


Inserts—Shaped materials used as fillers 
to aid U and V-packings in maintain- 
ing their shape. 


Inside Depth—In a cup, flange, V-ring 
packing, or U-ring packing, the inside 
depth is the depth (overall axial di- 
mension) minus the base or thick- 


ness of the leather. 


Inside Follower Plate—Plate used on the 
high pressure side, that is, the inside 
of a cup, to compress its bottom against 
the adjacent piston face. 


Inside Packed—With packing inaccessible 
from outside, as in a piston packing. 


Inside Working Diameter (Diaphragm)— 
Outside diameter of area supported by 
the piston. Where the piston edge is 
filleted, it is customary to consider 
the filleted area as supported. 


Intensifier—Device which increases the 
pressure over that of the source pres- 
sure. 


J 


Jam Packing—See Simple Compression 
Packing. 


Jointing (British)—Same es Gasketing. 


L 


Lantern—Cavity or passageway in a 
housing which acts as a passageway 
and distribution manifold for the lu- 
brication of a packing. 


Lantern Ring—Rigid ring generally of H- 
shaped cross section located in the in- 
terior, or at ome end, of a packing 
set and communicating with a port or 
ports in the stuffing box wall, or mov- 
ing member. 


Leg—Sidewall 
of a packing. 


or axially extended rim 


See Lip. 


Lip—Axially extended rim of a packing 
See Leg. 


Lip Diameter—Diameter of a lip of a 
packing which is the OD for a cup, the 
ID for a flange, or both for a U-ring 
or V-ring packing. 


Lip Gasket—Gasket which is self-tighten- 
ing by virtue of a protruding lip. 


Lip Interference—Overlapping of the lip 
of a packing and the surface against 
which it operates, i.e, a negative al- 
lowance. It is numerically equal to 
one-half the difference between the 
diameter of the lip of a packing and 
that of the surface against which it 
operates. 


Lip Packing—Packing formed with a lip, 
such as a cup, flange, U-ring or V- 
ring. See packing. 


Lip Seal—See Radial Positive-Contact 
Seal. 


Low Temperature Brittleness—Harden- 
ing of a rubber material when sub- 
jected to sub-zero temperatures result- 
ing in the loss of its flexibility, elastic- 
ity, and resilience. 
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Lubricator—Device for adding lubricant 
to the actuating media. 


Lug—Mounting device consisting of a 
block extending past the basic part 
profile. The block usually has a tapped 
or through mounting hole at right 
angles to the cylinder axis. 


Lug Spring—Same as Finger Spring. 


M 


m Value—Empirical design constant of 
a flange gasket used in ASME Code 
for Unfired Pressure Vessels. The Code 
equation defines this term as the ratio 
of residual gasket load to fluid pres- 
sure at leak. The definition of m 
has varied in successive editions of the 
Code, according to the method em- 
ployed for computing residual gasket 
load. 


Male Adapter—Support flat on one side 
and the opposite shaped to conform 
to the contour of the inside of a V- 


packing. 


Migration—Transfer of an ingredient in 
an elastomeric compound from one 
layer to an adjacent layer or to the 
surface. 


Migration Stain—Stain due to migration. 


Mineral Tannage—Leather produced by 
the use of chromium salts, alum or 
other like agents as distinguished from 
vegetable tannage. 


Mismatch—Generally a break or step in 
a supposedly continuous surface caused 
by misalignment of two plates in a 
mold. 


Modulus—Stress at predetermined (usually 
100 per cent) elongation of the mate- 
rial. 


Mold Cavity—Hollow space or cavity in 
the mold which is used to impart the 
desired form to the product being 
molded. 


Mold Marks—Indentations or ridges 
formed into the skin of the molded 
product by irregularities in the mold 
cavity surface. 


Muffler—Device for reducing gas flow 


noise. 


Neutralization Number—Measure of the 
organic acidity developed through oxi- 
dation of an oil. 


Newt—Standard of kinematic viscosity in 
the English system. It is expressed in 
square inches per second. 
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Oak Tannage—Leather tanned from the 
bark of the oak tree, although the term 
is often applied to leather tanned with 
oak extract in combination with other 
types of tanning materials. The term 
is also applied to any type of vegetable 
tanned leather. See Vegetable Tan- 
nage. 


Oil Seal—See Radial Positive-Contact 
Seal. 


Open Hydraulic System—Pressure system 
in which the hydraulic fluid is open 
to the atmosphere at some point. It 
is the opposite of a closed hydraulic 
system. 


Operating Medium—Fluid in a hydraulic 
system which operates the mechanism 
by the transfer of fluid energy to 
mechanical energy. See Pressure Medi- 
um. 


Organic Ester—Fluid composed of esters 
which are compounds of carbon, hydro- 
gen, and oxygen only. It may contain 
additives. 


Orifice—Restrictor, the length of which 
is relatively smal! with respect to its 
cross-sectional area. The orifice may 
be fixed or variable. Variable types 
are non-compensated, pressure com- 
pensated, or pressure and temperature 
compensated. 


O-Ring—Rubber doughnut. Technically, 
it is a solid formed by the revolution 
of a circle about an axis outside the 
circle, but lying in the plane of the 
circle (a circular torus). It is also the 
solid formed by wrapping a long, small 
diameter cylinder into a circular ring. 


O-Ring Seal—Combination cf a gland 
and an O-ring providing a fluid-tight 


closure. Some designs may permit 
momentary or minimum leakage. 


Oxygen Bomb—Chamber capable of hold- 
ing oxygen at an elevated pressure 
which can be heated to an elevated 
temperature. Use for an accelerated 
aging test. 


P 


Pack—To control the leakage of a fluid 
by means of a packing; or, to install 
a packing. 


Packing—Sealing device for shafts con- 
sisting of deformable material or one 
or more mating deformable elements, 
reshaped by compression to obtain ef- 
fectiveness. It usually uses axial com- 
pression to obtain radial sealing. There 
are 3 general types: Simple compres- 
sion or jam-type, lip type (V-ring), and 
squeeze type (O-ring). 
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Packing, Coil—Packing in coil form. 
Packing Hook—Tool similar to a cork- 


screw for removing packings from a 
stuffing box. 


Packing Point—Joint between two parts 
of a mechanism in which a packing is 
used to prevent the passage of a med- 
ium. 

Packing Set—Plurality of packing rings 
designed to fill a stuffing box. 


Packing Space—(Packing ring or set)— 
Radial dimension. 

Packing Spiral—Packing in helical form 
from which packing rings may be cut. 


Packing Ring—Sliding packing generally 
employed in a stuffing box along or 
as a component of a set. 


Packing, U—Packing in which the de- 
formable element has a U shaped cross- 
section. 


Packing, V—Packing in which the de- 
formable element has a V shaped cross- 
section. 


Packing, W—Packing in which the de- 
formable element has a W shaped cross- 
section. 


Paraffin Bloom—Term used to describe 
the bleeding of the paraffin on the 
finished part. Paraffin is used to form 
a protective layer to prevent oxidation 
or deterioration by ozone. 


Pascal’s Law—Pressure applied to a con- 
fined fluid at rest is transmitted with 
equal intensity throughout the fluid. 


Pedestal Ring—Ring, circular in shape, 
used inside a packing recess to properly 
support a U-packing. It is sometimes 
called a throat ring. 


Petroleum—Fluid composed of petroleum 
oil. It may contain additives. 


Piston—Reciprocating member mounted 
inside a cylinder moved by or moving 
against fluid pressure. 


Piston Head—End of a piston in slid- 
ing contact with the cylinder wall. 


Piston Ring—Spring packing ring fitted 
around a piston, alone or as one of a 
set, to form a sliding seal between the 
piston and its cylinder. 


Plastic Packing—Homogeneous mixture of 
materials used in forming compression 
packings. The term plastic means pli- 
able, in this application, and does not 
imply that the packing is made of that 
class of materials commonly known as 
plastics. 


Plasticizer—Petroleum derivative or ester- 
type fluid added to a polymer which 
increases the processibility and give a 
control over the hardness and plasticity 
—strongly influences the cold-tempera- 
ture characteristics. 
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Plunger—Sliding reciprocating member in- 
side of a cylinder, driven by or against 
fluid pressure. Sometimes used inter- 
changeably with a ram. 


Plunger Packing—Sliding packing in con- 
tact with a plunger. 


Poise—Standard unit of absolute vis- 
cosity in the cg.s. (centimeter-gram- 
second) system. It is expressed in dyne 
sec/cm?. 


Polymer—Usually termed elastomer. Re- 
sult of a chemical linking of mole- 
cules into a long chainlike structure. 
Word commonly used for any rubber, 
synthetic rubber or rubber-like mate- 


rial. 


Porosity—Quality or state of being 


capable of absorbing 


permeable by 


porous and 
moisture and 
fluids. 


being 


Port—Internal or external terminus of a 
passage in a component. 


Port AND 10050—Air Force-Navy Aero- 
nautical Design Standard in which a 
straight thread port is used to attach 
tube fittings to various components. It 
employs an O-ring seal compressed in a 
special cavity. 


Port, Plain O-ring—Port which uses an 
O-ring in a rectangular groove ma- 
chined in the port face. 


Port, SAE—Straight thread machined 
port used to attach tube and hose 
couplings. It employs an O-ring com- 
pressed in a wedge shaped cavity. A 
standard of the Society of Automotive 
Engineers. 


Pour Point—Lowest temperature at which 
a liquid will flow under specific con- 
ditions. (ASTM Designation D91-47) 


Precipitation Number—Number of mil- 
liliters of solid matter precipitated in a 
mixture of oil and petroleum solvent 
under specified conditions. (ASTM 
Designation D 91-40) 


Preload—Initial load applied axially to 
a packing or set of packings. 


Pressure—Force or thrust per unit area 
applied over a surface. 


Pressure, Absolute—Sum of atmospheric 
and gage pressures. 


Pressure, Atmospheric—Pressure exerted 
by the atmosphere at any specific loca 
tion. Sea level pressure is approxi- 
mately 14.7 pounds per square inch 


absolute. 


Pressure, Back—Pressure encountered on 
the return side of a system. 


Pressure Face—End or surface of a pack- 
ing exposed to a higher pressure. 


Pressure Gage—Pressure differential above 


134 


or below atmospheric pressure. 


Pressure Head—Force due to the height 
of a column or body of fluid. It is 
usually expressed in feet. 


Pressure Medium—Fluid which is put 
under pressure and which exerts that 
pressure against a packing. 


Pressure, Operating—Pressure at which a 
system is operated. 


Pressure, Shock—Excess pressure existing 
in a pressure wave. 


Pressure, Static—Pressure that exists if 
there is no motion in the fluid. 


Pressure, Suction—Absolute pressure of the 
fluid at the inlet of a pump. 


Proof Resilience— Energy required to 
stretch a piece of rubber from zero elon- 
gation to the breaking point. It is ex- 
pressed in foot pounds of work per 
cubic inch of the unstretched rubber. 
Mathematically it is the integral meas- 
ured in a stress-strain diagram by the 
area subtended on the strain axis by 
the stress-strain curve. It approximates 
tensile-product divided by two. 


Proportional Limit—Greatest stress which 
a material is capable of developing 
without a deviation from the law of 
proportionality of stress to strain 
(Hooke’s Law). Thus some portion of 
the stress-strain curve from the origin 
up, is a straight line. The term or- 
dinarily is not applicable to rubber, as 
very little, if any, of the stress-strain 
curve is a straight line. It is common 
practice to assume the stress-strain line 
to be straight for very small deforma- 


tions. 


Pusher-Type Seal—Axial mechanical seal, 
where, as the sealing face wears away, 
the sealing element is pushed in to 
maintain the seal. 


Q 


Quench Gland—On axial mechanical 
seals, throttles escape of liquids if seal 
fails. 


Rabbet—Mounting device which utilizes 
matching male and female forms be- 
tween the cylinder and its mating 
element. 


Radial Positive-Contact Seal—Seal over 
a shaft in which the packing, usually 
a flange, contracts radially on the shaft. 
Used on reciprocating or rotating shafts, 
usually for low pressures. Sometimes 
called oil seal or lip seal. 


Ram—Same as a plunger and generally 
used as a displacement member in a 
reciprocating fluid motor or pump. 


Ram Packing—Sliding packing used on a 


ram. 
Rear End—See Cap. 
Repack—To change a packing. 
Reservoir, Atmospheric—Container for 


fluid storage at atmospheric pressure. 


Reservoir, Hydraulic—Chamber used to 
store hydraulic fluid on which pumps, 
motors and valves may be mounted. 
It is usually equipped with baffles, 
air breather, and liquid level gage. 


Residual Load—Axial load developed 
against or by a packing at some inter- 
val after initial tightening. 


Resilience—Potential energy of an elastic 
body that is present as a result of ap- 
plied stresses and which is recoverable 
when the stresses are removed. 


Restrictor—Device for producing a de- 
liberate pressure drop or resistance in 
a line by reducing the cross-sectional 
flow area. 


Retainer—Name sometimes applied to an 
oil seal, ie, a radial seal designed 
primarily for the retention of oil in 
bearings. 


Retanned Leather—Same as combination 
tanned leather, i.e, hides tanned by 
two or more agents. See Combination 
Tannage. 


Reyn—Standard unit of absolute vis- 
cosity in the English system. It is ex- 
pressed in pound-seconds per square 
inch. 


Ring Gasket—Flange 


gasket of ring shape 
within a ring of bolts. 


gasket, or any 
lying wholly 


Ring, O—Ring which has a round cross- 
section. See O-ring. 


Ring, Piston—Ring installed on a piston 
to maintain a fit with a cylinder bore. 
It is usually one of a series and is often 
split to facilitate expansion or con- 


traction. See piston ring. 


Ring, Scraper—Ring which removes ma- 
terial by a scraping action. 


Ring, U—Ring which has a U shaped 


cross-section. 


See U-ring. 


Ring, Wiper—Ring which removes ma- 
terial by a wiping action. See Wiper 
Ring. 


Rod—Inner member of a concentric de- 
vice, the members of which reciprocate 
relative to each other, used to trans- 
mit reciprocating motion. It is usually 
small in diameter and the packings 
around it are carried by the outer mem- 
ber. 


Rod End—See Head. 
Rod Packing—Sliding packing usually in- 
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stalled in contact with a rod. 


Rolling Diaphragm—Molded diaphragm 
where, as the center moves, the dia- 
phragm elongates circumferentially, and 
rolls off of the wall of the cylinder or 
piston on to the other wall. 


Rotary Seal—l. Any packing used to seal 
a rotating shaft. 2. An axial seal 
which rotates with the shaft. 


Rubber—(Elastomer) Synthetic or na- 
tural material which has resilience or 
memory sufficient to return to its orig- 
inal shape after minor or major dis- 
tortion. See polymer, elastomer. 


Ss 


Scarf Joint—Joint made by chamfering, 
halving, notching or otherwise cutting 
away two pieces to correspond to one 
another, then overlapping them. 


Scorch—Premature curing of an unvulcan- 
ized rubber as a result of subjecting it 
to an excessive amount of heat dur- 
ing milling or mixing. 


Scoring—Form of wear in which the 
working face acquires grooves, axial 
or circumferential, according to whether 
the motion is reciprocating or rotary. 
The same term is also applied to a 
similar effect on the rigid member. 


Scraper—Sealing device employed to re- 
move excess fluid or dirt from a 
reciprocating member before it reaches 
the packings. 


Seal—Device used to prevent the pas- 
sage or return of a fluid. It is some- 
times used to designate a packing which 
is self-tightening, that is, one that re- 
quires no manual adjustment. 


Seal—See Sealing Device. 


Seal, Axial—Sealing device which seals 
by axial contact pressure. 


Seal Cup—Sealing device with a radial 
base integral with an axial cylindrical 
projection at its outer diameter. 


Seal, Diaphragm—Relatively thin, flat or 
molded sealing device fastened and 
sealed at its periphery with its inner 
portion free to move. See diaphragm. 


Seal, Dynamic—Sealing device used be- 


tween parts that have relative motion. 
Seal, End—See Seal, Axial. 
Seal Face—See Seal, Axial. 


Seal Flange—Sealing device with a radial 
base integral with an axial projection 
at its inner diameter. 


Sealing Device—Device which prevents or 
controls the escape of a fluid or entry 
of a foreign material. 
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Sealing Lip—Thin bevel edge of a pack- 
ing which contacts the surface against 
which it seals. 


Separator—Device to separate water or 
other material from the actuating 
medium. 


Set, Compression—Permanent distortion 
of elastomer after compression at a 
specified temperature for a period of 
time. 


Set, Permanent—Permanent distortion of 
elastomer after elongation. 


Shaft—Inner member of a concentric joint, 
the members of which rotate relative 
to one another. 


Shaft Packing—Packing employed in con- 
tact with a shaft. 


Shoulder—Term as used in the leather 
industry is usually designated as a 
double shoulder and is the fore part 
of a tanned hide cut at right angles to 
the backbone line at the fore flank 
with the belly removed and with the 
head cut off behind the horr holes. 


Shoulder of Packing—That part of a 
flange, cup or U-packing just above the 
heel where the packing material is 
molded at an angle. It is sometimes 
assumed to include the heel of the pack- 
ing. 


Shoulder Seal—Same as axial seal, that 
is, one which seals by virtue of an 
axial contact pressure between two sur- 
faces at right angles to the axis and 
usually used to seal rotating shafts. 


Shrinkage—Decreased volume of a seal 
or packing material. 


Side—1. Envelope surface which is 
parallel to the piston rod-centerline. 2. 
That portion of a butt bend remaining 
on either side after the center has 
been removed and having a width of at 
least fifteen inches measured at the 
narrowest point between clamp marks. 
It is sometimes used to designate half 
of a whole hide cut longitudinally along 
the middle line with head, belly and 
shoulder attached. 


Silicone Dip—immersing of a molded 
rubber part in a Silicone emulsion bath 
giving it a slippery surface coating 
which prevents binding or sticking and 
facilitates case of assembly. 


Simple Compression Packing—Bulk de- 
formable seal for shafts. Relies on 
adjustable compression to obtain radial 
sealing. See packing. 


Size Number—Number that indicates the 
cross section width and inside diameter 
of O-rings. Sizes established by mili- 
tary specifications have been accepted 
as standard throughout industry. 


Specific Gravity—Ratio of the weight of 
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a given volume of fluid to the weight 
of an equal volume of water. 


Spiral Failure—Term generally applied to 
O-ring type packings which have 
separated because of a tendency to roll 
(resulting in a half-twist) rather than 
slide in a reciprocating dynamic appli- 
cation. 


Spring Spreader—Same as expander, and 
consisting usually of a finger spring 
used to force the lip of a seal against 
a cylinder surface or to contract the 
lip of a seal against the rod surface. 


Steam Emulsion Number—Time in sec- 
onds required for fluid to separate 
from an emulsion of fluid and steam. 


Stick-Slip—Term which describes the 
jerky motion of one surface when it 
is dragged across another surface. In 
seals, it is the alternate gripping and 
releasing of a shaft by a packing. 


Stoke—Standard unit of kinematic vis- 
cosity in the cgs (centimeter-gram-sec- 
ond) system. It is expressed in cm*/sec. 


Strainer—Device through which a fluid 
is passed to separate solids held in 
suspension. A strainer is usually in- 
stalled on the intake side of a pump. 


Stuffing Box—Cylindrical recess to re- 
ceive a packing designed to prevent 
the passage of a pressure medium. It 
usually consists of a box or chamber, 
made by enlarging the hole, and a 
gland or follower to compress the con- 
tained packing. 


Stuffing Box Gasket—Gasket for use in a 
stuffing box. 


Surface Tension—Contractile surface force 
of a liquid by which it tends to assume 
a spherical form and to present the 
least possible surface. It is expressed 
in dynes/cm or ergs/cm?. 


Surge—Momentary rise of pressure in a 
circuit. 


Synthetic Rubber—Is usually, but not 
always, a combination of two plastic 
materials, one thermo setting and one 
thermo plastic, which when cured 
under pressure and heat will have 
resilience, resistance to stress and re- 
sistance to compression. 


T 


Take-Up—Space provided in packing ap- 
plications for additional tightening or 
the process of taking up or tightening. 


Tangential Joint—(Packing ring) Cut 
along a plane parallel to the axis and 
approximately tangent to the inside 
periphery. 

Tangential Step-Joint—(Packing ring)— 
Z-shaped cut starting as a butt joint on 
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the inside periphery, and finishing as 
a butt joint in the outer periphery at 
a point not opposite. 


Tension Set—Elongation remaining after 
a specimen has been stretched and 
held at a specified elongation for a 
given period of time, then relieved of 
the load and allowed to rest for a 
definite period of time. Expresses as 
percentage of original length. 


Throat Ring—Same as Pedestal Ring, 
that is, a ring used inside a pack- 
ing recess to support a U-ring. 


Tie Rod—Axial external cylinder element 
which traverses the length of the cyl- 
inder. It is pre-stressed at assembly 
to hold the ends of the cylinder against 
the tubing. Cylinders use three or 
more tie rods. Tie Rod end extensions 
can be a mounting device. 


‘ight Cure—Rubber term referring to 
a rubber part exhibiting good snap- 
back or immediate return to original 
position after being subjected to de- 
liberate deformation. 


Trunnion—Mounting device consisting of 
a pair of opposite projecting cylindrical 
pivots. The cylindrical pivot pins are 
at right angle or normal to the piston 
rod centerline to permit the cylinder 


to swing in a plane. 


Tuads Bloom—Term used to describe 
the formation on the surface of the 
finished part of a white, powder-like 
material, after the vulcanization process. 
This material unused 
amounts of thuiram disulfide-type ac- 

which are not compatible 


consists of 


celerators 
with the polymer. 


U 


U-Ring Packing—Double cylindrical side- 
walled molded packing which seals at 
both its inner and outer peripheries. 


Under Cure—Rubber term referring to a 
rubber part exhibiting poor snapback 
or deadness after being subjected to 
deliberate deformation, improper cure- 
time, temperature or pressure. 


Vv 


V-ring Packing—Packing molded with a 
“V” shaped cross-section and sealing 
at both inner and outer peripheries. 


Vacuum—Pressure less than atmospheric 
pressure. It can be expressed in abso- 
lute or gage pressure. 


Vegetable Tannage—Generic term to 
cover the process of making leather by 
use of tannins obtained from bark, 
woods or other parts of plants and 
trees, as distinguished from mineral 
tannage. 


Viscosity—Measure of the internal fric- 
tion or the resistance of a fluid to 
flow. 


Viscosity, Absolute Poise—Force required 
to move a plane surface of one centi- 
meter over another plane surface at 
the rate of one centimeter per second 
when the surfaces are separated by 
a layer of fluid one centimeter in thick- 
ness. 


Viscosity, Absolute SSU—Saybolt Uni- 
versal Seconds (SSU) which is the 
time in seconds for 60 cubic centimeters 
(cc) of oil flow through a standard ori- 
fice at a given temperature. 


Viscosity Index—Measure of the viscosity- 
temperature characteristics of a fluid as 
referred to that of other fluids. 


Viscosity, Kinematic—Rate of absolute 
viscosity to the specific gravity of a 
fluid. The unit of kinematic viscosity 
is the stoke. Viscosity in stokes, multi- 
plied by specific gravity at the test 
temperature, equals viscosity in poises. 


Viscosity, SAE Numbers—Society of Au- 


tomotive Engineers arbitrary numbers 
for classifying fluids according to their 
viscosities. The numbers in no way 
indicate the viscosity index of fluids. 


Volume Swell—Increase in physical size 
caused by the swelling action of a 
liquid. 


Ww 


W-ring Packing—Ring which has a W 
shaped cross-section. 


Water of Hydration—The water of com- 
position contained in asbestos. 


Wax Bloom—Term referring to the bleed- 
ing of the wax on the finished part. 
The wax is used to form a protec- 
tive layer to prevent oxidation or de- 
terioration by ozone. 


Wedge—Sealing element with a wedge- 
shaped cross-section. 

Wing—Half the cross-section of a V- 
ring packing. 

Wiper—Similar to a scraper, that is, a 
ring employed to remove excess fluid 
from a reciprocating member before it 
reaches the packing. 

Working Diameter—Diameter of the un- 
supported area of a diaphragm. 


Y 


y Value—Empirical design constant of a 
flange gasket used in the ASME Code 
for Unfired Pressure Vessels. The Code 
defines the term as twice the minimum 
gasket pre-stress, but the method of 
arriving at this value is not clearly 


stated. 


Yield Point—The stress in a material, at 
which there occurs a marked increase 
in strain without an increase in stress. 
Rubber is said to have a zero yield 
point except under very rapid elonga- 
tion and release. 
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|| DESIGN| 


The Seals Book 


Product Directory 


EALS and packings presented in this Product Directory are classified as shown 

in the Contents. Only those seals that have a primary function of sealing 
a system or machine part are listed. Special types such as window moldings, 
weatherstripping, undercoating, etc. are beyond the scope of this book. Simi- 
larly, seals used in the building trades are not included. 

Each classification is subdivided to include the various configurations avail- 
able for a given seal type. The basic seal types in the classification are each cov- 
ered by a separate description and illustration. 

Since dimensional standards have not been established for the majority of the 
seal types, no size ranges are listed under the sources. This information should 
be obtained directly from the manufacturers. In cases where several materials 
or constructions are available for a particular seal type, the manufacturers listed 


are coded accordingly. 


A Radial Seals 
B Ring Seals 


C Clearance Seals 


E Diaphragm Seals 
F Packings 
G Gaskets 
H Sealants 





SECTION 


i) 


Radial Seals 





ADIAL seals, or oil seals, are positive-contact seals that exert radial 


sealing pressure over an annular shaft area. 
radial seal usually has a dual purpose. 
2. It prevents entry of foreign matter. 
However, the radial seal is also used 


the radial seal is most common. 


In such service, the 
1. It blocks leakage of lubricant. 
The rotating-shaft application of 


where shaft motion is oscillating or reciprocating. Radial seals can be classi- 
fied in three categories: 1. Felt radial seals. 2. Radial positive-contact seals. 


3. Exclusion devices 


Felt Radial Seals 


Felt seals are manufactured in two gen- 
eral types: Plain and laminated. They 
are used for retaining shaft-bearing lubri- 
cants, and for blocking entry of abrasives, 
moisture or fumes. To meet specific re- 
quirements, either style can be impreg- 
nated with one of materials: 
Compounds of paraffin, petrolatum, or 
colloidal graphite increase the resistance 
of basic felt to water and mud, improve 
resistance to pressurized lubricants, and 


several 


lower the coefficient of friction. Prior 
to installation, plain and laminated seals 
should be saturated with oil or grease 
of slightly higher viscosity than that used 
as a lubricant. Sources are: 


A Punch Products Mfg. Co., 516 S. Kolmer 
Ave., Chicago, Ill. 


Accurate Felt & Gasket Mfg. Co., 1016 S. 


California Ave., Chicago 12, Ill. 


Aero Gasket Corp. 763 Hanover Rd., 
Mericen, Conn. 


Alloy Mfg. Co., 3207 
Chicago 16, Ill. 


S. Shields Ave., 


American Felt Co., Glenville, Conn. 
(See Ad, Page 149) 


Associated Industries, 1752 Rainier Ave., 
Seattle, Wash. 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. 


K. Wm. Beach Mfg. Co., Beach Bldg., 
2727 Columbus, Springfield, Ohio 


Best Gasket Co., 110 E. 15th St. Los 


Angeles, Calif. 
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Boston Felt Co., 24 Brook St., Newton 58, 
Mass. 


A. B. Boyd Co., 1235 Howard St., San 
Francisco 3, Calif. 


Chicago Rawhide Mfg. Co., 1301 Elston 
Ave., Chicago 22, Ill. 


(See Ad, Page 148) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 


Commonwealth Felt Co., 74 Summer St., 
Boston 9, Mass. 


E. IL. duPont de Nemours & Co. Inc., 
Coated Fabrics Div., Fairfield, Conn. 


Duroyd Gasket Mfg. Co., 1830 Amster- 
dam Ave., New York, N. Y. 


Excelsior Leather Washer Mfg. Co., 720 
Chestnut St., Rockford, Il. 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. 


Felters Co., 210 South St., Boston 11, 
Mass. 
(See Ad, Page 152) 


Goshen Die Cutting Service, 708 Emerson 
Ave., Goshen, Ind. 


Chas. W. House & Sons, House Bldg., 
Unionville, Conn. 


International Packing Corp., Lake St., 
Bristol, N. H. 
(See Ad, Pages 146, 147) 


Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 


National Seal Div., Federal-Mogul-Bower 
rings Inc., Broadway & National 
Ave., Redwood City, Calif. 
(See Ad, Page 150) 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


Rhopac Inc., 3425 Cleveland St., Skokie, 
Il. 


W. S. Shamban & Co., 11617 W. Jefferson 
Blvd., Culver City, Calif. 


Staff Die Cutting Co., 42 West 22nd St.. 
New York, N. Y. 


Su Industrial Products Co., 365 N 
arlov, Chicago, Ill. 


Union Seal Co., 403 E. Jersey, Elizabeth, 
N. J. 


Universal Oil Seal Co., P. O. Box 74, 
Pontiac, Mich. 


Universal Products, Brockton, Mass. 
Victor Mfg. & Gasket Co., 5750 W. Roose- 
velt Rd., Chicago 90, Ill. 
(See Ad, Page 151) 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 


The W-G Gasket Co., 3218 No. 126th 
St., Brookfield, Wis. 


Radial Positive-Contact 


Radial positive-contact seals are dynamic 
rubbing seals. This seal applies a seal- 
ing pressure to a mating cylindrical sur- 
face to retain fluids and, in some cases. 
to exclude foreign matter. Because of 
the variety of applications, the radial 
seal is manufactured in a profusion of 
types and sizes. 


ecu 


Cased Single Element 


Flange-type seal with leather or syn- 
thetic element. Used primarily to seal 
against light dust or to retain heavy 
grease. This type is not suitable for 
sealing low-viscosity oils. Sources are: 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, IIl. 


Acushnet Process Co., 776 Belleville Ave.. 
Box 916, New Bedford, Mass. 
(See Ad, Page 145) 
Alloy Mfg. Co., 3207 S. Shields Ave., 
Chicago 16, IIl. 


A. E. Burgess Leather Co., Brigham Hill 
Rd., Grafton, Mass. 


Chicago Rawhide Mfg. Co., 130] Elston 
Ave., Chicago 22, Ill. 
(See Ad, Page 148) 
Chicago-Allis Mfg. Co., 125 N. Green St. 
Chicago 7, Ill. 
Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y 


(See Ad, Page 153) 
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Gits Bros. Mfg. Co., 1866 S. Kilbourn 
Ave., Chicago 23, Ill. 


Hadbar Inc., 9530 Gidley St., Temple City, 


Calif. 


Hydrodyne Corp., Skinner Seal Div., 
7350 Coldwater Canyon Ave., North 
Hollywood, Calif. 


International Packing Corp., Lake St., 
Bristol, N. H. 
(See Ad, Pages 146, 147) 


Johns-Manville, 22 East 40th St., New 
York 16, N. Y. 


Koppers Co. Inc., 200 Scott Ave., Box 298, 
Baltimore 30, Md. 


Krug Co., 1 Barnum Ct., Danbury, Conn. 


National Seal Div., Federal-Mogul-Bower 
Bearings Inc., Broadway & National 
Ave., Redwood City, Calif. 

(See Ad, Page 150) 


Stemco Mfg. Co., P. O. Box 1628, Long- 
view, Tex. 


Albert Trostel Packings Ltd., Marshall & 
Madison Sts., Geneva, Wis. 


ON Seal Co., 403 E. Jersey, Elizabeth, 


Universal Oil Seal Co., P. O. Box 74, 
Pontiac, Mich. 


Victor Mig. & Gasket Co., 5750 W. Roose- 
velt Rd., Chicago 90, Ill. 
(See Ad, Page 151) 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 


Yale Rubber Mfg. Co., Henderson St., 
Sandusky, Mich. 





Cased Dual Element 

Used in heavy-duty, medium-speed 
service where leakage must be held to 
a minimum. Sources are: 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. 


Acushnet Process Co., 776 Belleville Ave., 
Box 916, New Bedford, Mass. 
(See Ad, Page 145) 


Alloy Mfg. Co.; 3207 S. Shields Ave., 
Chicago 16, Ill. 


A. E. Burgess Leather Co., Brigham Hill 
Rd., Grafton, Mass. 


Chicago Rawhide Mfg. Co., 
Ave., Chicago 22, Ill. 
(See Ad, Page 148) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 


C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. 


Felters Co., 210 South St., Boston 11, 
Mass. 
(See Ad, Page 152) 
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Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 
(See Ad, Page 153) 


Gits Bros. Mfg. Co., 1866 S. Kilbourn 
Ave., Chicago 23, Ill. 

Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 

Hydrodyne Corp., Skinner Seal Div., 
7350 Coldwater Canyon Ave., North 
Hollywood, Calif. 


International Packing Corp., Lake St., 
Bristol, N. H. 
(See Ad, Pages 146, 147) 


Johns-Manville, 22 East 40th St., New 
York 16, N. Y. 


Koppers Co. Inc., 200 Scott Ave., Box 298, 
Baltimore 30, Md. 


Krug Co., | Barnum Ct., Danbury, Conn. 


National Seal Div., Federal-Mogul-Bower 
Bearings Inc., Broadway & National 
Ave., Redwood City, Calif. 

(See Ad, Page 150) 


Stemco Mfg. Co., P. O. Box 1628, Long- 
view, Tex. 


a Co., Shaft Seal Div., Homer City, 
a. 


Albert Trostel Packings Ltd., Marshall & 
Madison Sts., Geneva, Wis. 


Universal Oil Seal Co., P. O. Box 74, 
Pontiac, Mich. 


Victor Mfg. & Gasket Co., 5750 W. Roose- 
velt Rd., Chicago 90, Ill. 
(See Ad, Page 151) 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 


Yale Rubber Mfg. Co., Henderson St., 
Sandusky, Mich. 


Cased Combination 

Combinations available include either 
felt, leather or synthetic elements. .Com- 
bination felt and synthetic elements work 
well where gritty environmental condi- 
tions prevail. Sources are: 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, IIl. 


Alloy Mfg. Co., 3207 S. Shields Ave., 
Chicago 16, Ill. 


Chicago Rawhide Mfg. Co., 
Ave., Chicago 22, Ill. 
(See Ad, Page 148) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 


C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. 


Felters Co., 210 South St., Boston 11, 
(See Ad, Page 152) 


1301 Elston 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 
(See Ad, Page 153) 


Gits Bros. Mfg. Co., 1866 S. Kilbourn 
Ave., Chicago 23, Ill. 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 

ydrodyne Corp., Skinner Seal Div., 
7350 Coldwater Canyon Ave., North 
Hollywood, Calif. 

International Packing Corp., Lake St. 


Bristol, N. H. 
(See Ad, Pages 146, 147) 


Johns-Manville, 22 East 40th St. New 
York 16, N. Y. 
Krug Co., 1 Barnum Ct., Danbury, Conn. 


National Seal Div., Federal-Mogul-Bower 
Bearings Inc., Broadway & National 
Ave., Redwood City, Calif. 

(See Ad, Page 150) 


Syntron Co., Shaft Seal Div., Homer City, 
Pa. 


H 


Albert Trostel Packings Ltd., Marshall & 
Madison Sts., Geneva, Wis. 


Union Seal Co., 403 E. Jersey, Elizabeth, 
N. J. 


Universal Oil Seal Co., P. O. Box 74, 
Pontiac, Mich. 


Vapor Heating Corp., Roth Rubber Co. 
Div, 1860 S. 54th St., Cicero 50, Ill. 
Victor Mfg. & Gasket Co., 5750 W. 
Roosevelt Rd., Chicago 90, Ill. 

(See Ad, Page 151) 


Western Felt Works, Acadia Synthetic 


Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 


Yale Rubber Mfg. Co., Henderson St., 
Sandusky, Mich. 


Cased External 

Used where speeds are relatively low 
and seal is to be pressed on the shaft. 
Leather elements are suitable for sealing 
grease or viscous fluids. Synthetic ele- 
ments are used with fluids of low viscosity. 
Available in springless type for stationary 
shafts where grease is to be sealed: 
Sources are: 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill 


Alloy Mfg. Co., 3207 S. Shields Ave., 
Chicago 16, Ill. 

A. E. Burgess Leather Co., Brigham Hill 
Rd., Grafton, Mass. 


Chicago Rawhide . Co., 1301 Elston 
Ave., Chicago 22, Ill. 
(See Ad, Page 148) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Il. 
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Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 


(See Ad, Page 153) 
Gits Bros. Mig. Co., 1866 S. Kilbourn 
Ave., Chicago 23, fll. 
— Inc., 9530 Gidley St., Temple City, 
ul. 


Hydrodyne Corp. Skinner Seal Div., 
7350 Coldwater Canyon Ave., North 
Hollywood, Calif. 


International Packing Corp. Lake St., 
Bristol, N. H. 
(See Ad, Pages 146, 147) 
Johns-Manvilie, ta East 40th St, New 
York 16, N. Y. 
Krug Co., | Barnum 5St., Danbury, Conn. 


Hatonel Sot Div., Federal-Mogul-Bower 
Inc., Broadway & National 
= edwood City, Calif. 


(See Ad, Page 150) 


Albert Trostel Packings Ltd., Marshall & 
Madison Sts., Geneva, Wis. 


Universal Oil Seal Co., P. O. Box 74, 
Pontiac, Mich. 
Victor Mfg. & Gasket Co. 5750 W. 
Roosevelt Rd., Chicago 90, Ill. 
(See Ad, Page 151) 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, IL. 


Yale Rubber Mfg. 
Sandusky, Mich. 


ee 


Bonded Single Element 


Washer seal with limited-contact lip; 
designed for press fitting in a straight 
bore. Limited rubbing-contact area pro- 
vides a low friction-torque drag on the 
shaft. Bonded case seal with straight 
lip; for retaining fluid in rotating-shaft 
installations. Unit is pressed into a 
straight bore; no groove is required. 
Bonded case seal with limited-contact lip 
and spring; spring accommodates shaft 
eccentricity, provides initial tension be- 
fore internal pressure builds up to op- 
Spring can be finger or 
or both. Sources are: 

A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, fi 


Acushnet Process Co., 776 Belleville Ave., 
Box 916, New Bedford, Mass. 


(See Ad, Page 145) 
Alloy Mfg. Co., 3207 S. Shields Ave., Chi- 
cago 16, ni. 


Apex Molded Products Co., 3576 Ruth, 
Philadelphia, Pa. 


Chicago Rawhide Mfg. 
Ave., Chicago 22, fii 
(See Ad, Page 148) 


Chicago-Allis Mfg. Co., 125 N. Green St. 
Chicago 7, Ill. 


Co., Henderson St., 


erating value. 
garter type, 


Co., 1301 Elston 
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Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill. 


ineered Rubber Products Co., 1750 
pley Rd., Akron, Ohio 
Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. 
Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 
(See Ad, Page 153) 
Garrett Flexible Products Inc., 1101 South 
Peters, Garrett, Ind. 
Gits Bros. Mfg. Co., 1866 S. Kilbourn Ave., 
Chicago 23, Ill. 
ee Inc., 9530 Gidley St., Temple City, 


oui Rubber Mfg. Corp., 33 Fourth 
Ave., Hawthorne, N. J. 


Hydrodyne Corp., Skinner Seal Div., 7350 
Coldwater Canyon Ave., North Holly- 
wood, Calif. 

International Packing Corp. Lake St., 
Bristol, N. H. 

(See Ad, Pages 146, 147) 

Johns-Manville, 22 East 40th St., New 
York 16, N. Y. 

Moxness Products Inc., 20th & Indiana 
Ave., Racine, Wis. 

National Seal Div., Federal-Mogul-Bower 
yma Poon Broadway & National 
wood City, Calif. 

(See Ad, Page 150) 

Reid En ises, 2610 E. 67th, Long 

Beach 5, if. 

Rubber Righ: Products, 5049 W. Lake, 
Chicago, Ill. 

Stemco Mfg. Co., P. O. Box 1628, Long- 
view, Tex. 

Albert Trostel Packings Ltd., Marshall & 
Madison Sts., Geneva, Wis. 


ONT Seal Co., 403 E. Jersey, Elizabeth, 


Universal Oil Seal Co., P. O. Box 74, Pon- 
tiac, Mich. 


Victor Mfg. & Gasket Co., 5750 W. Roose- 
velt Rd., Chicago 90, Ill. 
(See Ad, Page 151) 
Western Felt Works, Acadia Synthetic 


Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill 


Yale Rubber Mfg. Co., Henderson St., 
Sandusky, Mich. 


Bonded Dual Element 


Similar to cased dual element, except of 
bonded construction. Used for low to 
medium-speed double-duty applications. 
Seals oil or grease in one direction, ex- 
cludes dirt from opposite direction. Sources 
are: 

A Punch Products Mfg. Co., 516 S. Kol- 

mer Ave., Chicago, Il. 
= up. Co., 3207 S. Shields Ave., Chi- 


Apex Molded Products Co., 3576 Ruth, 
Philadelphia, Pa. 
i Rawhide 
Ave., Chicago 22, 

(See Ad, Page 148) 

Chicago-Allis Mfg. Co., 125 N. Green St, 
Chicago 7, Ill. 

Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill. 

ineered Rubber Products Co., 1750 
pley Rd., Akron, Ohio 

Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. 

Garrett Flexible Products Inc., 1101 South 
Peters, Garrett, Ind. 

Gits Bros. Mfg. Co., 1866 S. Kilbourn Ave., 
Chicago 23, Ill. 

a = i Inc., 9530 Gidley St., Temple City, 

if 


Hydrodyne Corp., Skinner Seal Div., 7350 
Goldwasser Canyon Ave., North Holly- 
wood, Calif. 


International Packing Corp. Lake St., 
Bristol, N. H. 


(See Ad, Pages 146, 147) 


Johns-Manville, 22 East 40th St. New 
York 16, N. Y. 


~~~ - Div., Federal-Mogul-Bower 
Beari nc., Broadway & National 
Ave., "Redwood City, Calif. 
(See Ad, Page 150) 
Reid En ises, 2610 E. 67th, Long 
Beach 5, Calif. 


Rubber Right Products, 5049 W. Lake, 
Chicago, Ill. 

Albert Trostel Packings Ltd., Marshall & 
Madison Sts., Geneva, Wis. 

Universal Oil Seal Co., P. O. Box 74, Pon- 
tiac, Mich. 

Victor Mig. & Gasket Co., 5750 W. Roose- 
velt Rd., Chicago 90, iu. 

(See Ad, Page 151) 

Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 


Yale Rubber Mfg. Co., Henderson St., 
Sandusky, Mich. 


Co., 1301 Elston 


Similar to cased external, except of 
bonded construction. Used for medium to 
high-speed service on wheel hubs, pulley 
shafts and similar applications. Sources 
are: 


A Punch Products 
mer Ave., Chicago, 


Acushnet Process Co., 776 Belleville Ave., 
Box 916, New Bedford, 


(See Ad, Page 145) 


Alloy . Co., 3207 S. Shields Ave., Chi- 
cago 16, Ill. 


. Co., 516 S. Kol- 
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Apex Molded Products Co., 3576 Ruth, 
Philadelphia, Pa. 


Chicago Rawhide Mfg. Co., 1301 Elston 
Ave., Chicago 22, Ill. 
(See Ad, Page 148) 
Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 
C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 
Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill. 


Engineered Rubber Products Co., 1750 
opley Rd., Akron, Ohio 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. 
Felters Co., 210 South St., Boston 11, Mass. 
(See Ad, Page 152) 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 

(See Ad, Page 153) 

Gits Bros. Mfg. Co., 1866 S. Kilbourn Ave., 
Chicago 23, Ill. 

Hadbar Inc., 9530 Gidley St., Temple City, 

if. 

Hydrodyne Corp., Skinner Seal Div., 7350 
Coldwater Canyon Ave., North Holly- 
wood, Calif. 

International Packing Corp., Lake St., 
Bristol, N. H. 

(See Ad, Pages 146, 147) 

Johns-Manville, 22 East 40th St, New 
York 16, N. Y. 


National Seal Div., Federal-Mogul-Bower 
Bearings Inc., Broadway & National 
Ave., Redwood City, Calif. 

(See Ad, Page 150) 


Stemco Mfg. Co., P. O. Box 1628, Long- 
view, Tex. 

Albert Trostel Packings Ltd., Marshall & 
Madison Sts., Geneva, Wis. 


Universal Oil Seal Co., P. O. Box 74, 
Pontiac, Mich. 


Victor Mfg. & Gasket Co., 5750 W. Roose- 
velt Rd., Chicago 90, Ill. 
(See Ad, Page 151) 
Western Felt Works, Acadia Synthetic 


Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 


Yale Rubber Mfg. Co., Henderson St., 
Sandusky, Mich. 


Exclusion Devices 


Exclusion seals are used to prevent en- 
try of foreign material into the mating 
parts of machinery. They are primarily 
used for rotating and reciprocating-shaft 
applications and are secured to the hous- 
ing and in sealing contact with the 
moving shaft. Exclusion seals are gen- 
erally held in the housing bore by press 
fittings, or secured by plates, snap rings, 
or other means. In this section, exclu- 
sion seals are classified in three categories: 
1. Wipers. 2. Scrapers. 3. Combination 
units. 
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A—RADIAL SEALS 


CUSTOM SHAFT TYPE SEALS 


COMPLETE SERVICE FOR ALL SEAL PROBLEMS 


DESIGN RECOMMENDATIONS 
Plain, Metal Clad, Spring Tension, Lip Configuration 


MATERIAL SELECTION 
Nitrile, Neoprene, Silicones, Viton, Fluorel, Urethane 


Elastomers 


@ EVALUATION BY SIMULATED LABORATORY TESTING 


*By Sealrater Endurance Tester 


@ PRODUCTION AND INSPECTION UNDER THE RIGID QUALITY 
CONTROL OF OUR PRECISION-MOLDED RUBBER FACILITIES 


*“Sealector . . . Air Gauges . . . For Lip Diameter and Lip 
Pressures 


* Research Laboratory Division, General Motor Corp. 


As producers of custom molded rubber parts exclusively, 
we seek special problems only, and do not offer compromise 
standard seals for the solution. The services of our Engineering 
and Technical Staffs are always available for study of your 


particular application. 


Precision -Molded Rubber Products 
ACUSHNET PROCESS COMPANY 


Address all communications to 762 Belleville Ave., New Bedford, Mass. 
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“GUIDE 


The packing 
with a 
built-in bearing 


Ideal for hydraulic systems 
sealing, IPC’s “GULDE-U-PAK” 
is designed for press fitting on 
the piston. 

Expensive U packing assem- 
blies, follower plates or backup 
plates are not needed when 
you switch to this modern 
bonded case seal. More, IPC 
can hold to precise tolerance, 
both the ID and OD measure- 
ments. If you're faced with hy- 
draulic sealing problems, get all 


the facts on “GUIDE-U-PAK”. 


G 


INTERNATIONAL 
PACKING. 


Bristol, New Hampshire 


* Pat 
Pending 


CORPORATION 
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These seals resemble ordinary oil seals 
with lips of leather, synthetic rubber or 
similar material. They are primarily used 
on reciprocating shafts, but can alsc be 
applied to rotating shafts. Sources are: 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. 


Accurate Felt & Gasket Mfg. Co., 1016 
S. California Ave., Chicago 12, Ill. 


Alloy Mfg. Co., 3207 S. Shields Ave., Chi- 
cago 16, Il. 


American Biltrite Rubber Co., Boston 
Woven Hose & Rubber Div., P. O. Box 
1071, Boston 3, Mass. 


American Felt Co., Glenville, Conn. 
(See Ad, Page 149) 


American Metallic Packing Co., 298 Daw- 
son, Glenfield, Pa. 


Associated Technical Sales Co., 3629 N. 
Dixie Drive, Dayton 14, Ohio 


Auburn Mfg. Co., Pease Ave. & Stack 
St., Middletown, Conn. 


Auto-Diesel Piston Ring Co., 1440 E. 32nd 
St., Cleveland 14, Ohio 


The Chardon Rubber Co., Subsidiary of 
Ball Bros. Co., Inc., Sixth & Washing- 
ton Aves., Chardon, Ohio 


Chicago Rawhide Mfg. Co., 
Ave., Chicago 22, Ill. 
(See Ad, Page 148) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 


Commonwealth Felt Co., 74 Summer St., 
Boston 9, Mass. 


The Connecticut Hard Rubber Co., 407 
East St., New Haven 9, Conn. 


Continental Rubber Works, 1902 Liberty 
S 


t., Erie, Pa. 


1301 Elston 


C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 


Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Il. 


Disogrin Industries Inc., 510 S. Fulton 
Ave., Mount Vernon, N. Y. 


Double Seal Bonn Spe 2065 Montgomery 
St., Fort Wo 7, Tex. 


The Duriron Co., Modern Industrial Plas- 
Ss 3337 N. Dixie Drive, Dayton, 
io 


Enflo Comp. Fellowship Rd. & Route 73, 
Maple Shade, N. J. 


Excelsior Leather Washer Mfg. Co., 720 
Chestnut St., Rockford, Ill. 


Felters Co., 210 South St., Boston II, 
Mass. 
(See Ad, Page 152) 
Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 
(See Ad, Page 153) 


Garrett Flexible Products Inc., 1101 South 
Peters, Garrett, Ind. 


George W. Gayle & Son, 514-1-2 Logan 
St., Frankfort, Ky. 


Graton & Knight Co., 356 Franklin St., 
Worcester 4, Mass. 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. 
— Inc., 9530 Gidley St., Temple City, 
alif. 


Halogen Insulator & Seal Cop. 9960 Pa- 
cific Ave., Franklin Park, Ill. 


Hercules Packing Corp., 327 Washington 
St., Buffalo 3, NW. ¥e 


E. F. Houghton Co., 303 W. Lehigh Ave., 
Philadelphia 33, Pa. 


Hydraulic Accessories Co., 24301 Hoover 
Rd., Warren, Mich. 


Industrial Rubber Works Inc., 312 W. 
Chestnut St., Chicago 10, Ill. 
ar eg Packing Corp., Lake St., Bris- 
tol, N. H. 
(See Ad, Pages 146, 147) 
Johns-Manville, 22 East 40th St. New 
York 16, N. Y. 


N. L. Kuehn Co., 3747 N. Booth St., Mil- 
waukee 12, Wis. 


Linear Inc., State Rd. & Levick St., Phila- 
delphia 35, Pa. 

Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio 


The Marlo Co. Inc., 436 Broadway, New 
York, N. Y 


Charles W. Marsh Co., Michigan & Hud- 
son, Muskegon, Mich. 


Mechanical Rubber Products Co., War- 
wick, yo 

Minor Rubber Co. Inc., Foot of Ackerman 
St., Bloomfield, N. J. 


National Seal Div., Federal-Mogul-Bower 
Beari Inc., Broadway & National 
Ave., "Redwood City, Calif. 

(See Ad, Page 150) 
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Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


Penn Fibre & Specialty Co., 2024 E. West- 
moreland St., Philadelphia 34, Pa. 


Periflex Inc., 111 E. Ten Mile Rd., Hazel 
Park, Mich 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. 


Reid Enterprises, 2610 E. 67th, Long Beach 
5, Calif. 


ape Inc., 3425 Cleveland St., Skokie, 


L 2 a Shop Inc., Royal Rubber Co. 
., Dept. 5804, South Bend, Ind. 


Rubber & Silicone Products, 13 Montesano 
Rd., Caldwell, N. J. 


Russell Gasket Co., 7424 Bessemer Ave., 
Cleveland 27, Ohio 


Schlegel Mfg. Co., P. O. Box 197, Roches- 
ter 1, N. Y. 


W. S. Shamban & Co., 11617 W. Jeffer- 


son Blvd., Culver City, Calif. 


Tri-Point Plastics Inc., 175 I. U. Willets 
Rd., Albertson, N. Y. 


Albert Trostel Packings Ltd., Marshall & 
Madison Sts., Geneva, Wis. 


Union Seal Co., 403 E. Jersey, Elizabeth, 
N. J. 


Universal Oil Seal Co., P. O. Box 74, 
Pontiac, Mich. 


Universal Products, Brockton, Mass. 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 


Victor Mfg. & Gasket Co. 5750 W. 
Roosevelt Rd., Chicago 90, Ill. 


(See Ad, Page 151) 


West American Rubber Co., 400 N. Ave. 
19, Los Angeles 31, Calif. 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 





Scrapers 

Exclusion seals that have a metallic 
lip or scraping element are called scrap- 
ers. They are used to scrape heavy 
or tenacious material from reciprocating 
shafts. Wipers are sometimes used be- 
hind them to catch any fine particles 
or fluids which pass scraper. Sources are: 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, III. 


Accurate Felt & Gasket Mfg. Co., 1016 
S. California Ave., Chicago 12, Il. 


American Biltrite Rubber Co., Boston 
Woven Hose & Rubber Div., P. O. 
Box 1071, Boston 3, Mass. 


American Metallic Packing Co., 298 Daw- 
son, Glenfield, Pa. 
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Associated Technical Sales Co., 3629 N. 
Dixie Drive, Dayton 14, Ohio 


Auto-Diesel Piston x 1440 E. 32nd 
St., Cleveland 14, O} 


The Chardon Rubber Co., Subsidiary of 
Tha Bros. Co. Inc., Sixth & Washing- 
ton Aves., Chardon, Ohio 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 


Commonwealth Felt Co., 74 Summer St., 
Boston 9, Mass. 


C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 


Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, 


Disogrin Industries Inc., 510 S. Fulton 
Ave., Mount Vernon, N. Y. 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. 


Enflo ., Fellowship Rd. & Route 73, 
Maple Shade, N. J. 


Felters Co., 210 South St. 
"(See Ad, Page 152) 


Boston II, 


France Packing Co., 9925 Bustleton Ave., 
Philadelphia 15, Pa. 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 
(See Ad, Page 153) 


W. Gayle & Son, 514-1-2 Logan 
St., Frankfort, Ky. 


Graton & Knight Co., 
Worcester 4, Mass. 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. 


a x I Inc., 9530 Gidley St., Temple City, 
alif. 


Halogen Insulator & Seal 
cific Ave., Franklin Park, Ill. 


Hydraulic Accessories Co., 24301 Hoover 
Rd., Warren, Mich. 


Industrial Rubber Works Inc., 312 W. 
Chestnut St., Chicago 10, Il. 


International Packing Corp., Lake St., 
Bristol, H. 
See Ad, Pages 146, 147) 
22 East 40th St. 


356 Franklin St., 


., 9960 Pa- 


Johns-Manville, New 


York 16, N. Y. 


N. L. Kuehn Co., 3747 N. Booth St., Mil- 
waukee 12, Wis. 


Linear Inc., State Rd. & Levick St., Phila- 
delphia 35, Pa. 


Manufacturers Gasket Co., 
Rd., Cleveland, Ohio 


Mechanical Rubber Products Co., War- 
wick, N. Y. 


Minor Rubber Co. Inc., Foot of Ackerman 
St., Bloomfield, N. J. 


Naess ong Div., Federal-Mogul-Bower 
Inc., Broadway & Nationai 
~ mtwood City, Calif. 
See Ad, Page 150) 


Penn Fibre & Specialty Co., 2024 E. West- 
moreland St., Philadelphia 34, Pa. 


Periflex Inc., 111 E. Ten Mile Rd., Hazel 
Park, Mich. 


1005 Belt Line 





“Custom” engineered . . . “cus- 
tom” manufactured .. . cus- 
tomer controlled! L.P.C. Oil 
Seals represent the ultimate in 
quality . . . can be obtained in 
leather or a wide variety of 
elastomers. 

Bonding techniques devel- 
oped by I.P.C. insure long life 
and better performance. In- 
spection? . . . every I.P.C. Oil 
Seal is subjected to the strictest 
quality control. 

Whether your problems in- 
volve temperature, torque or 
toughness . . . LP.C. has the 
Oil Seal for your application! 


© 


INTERNATIONAL 
PACKINGS <0x%o%stion 


Bristol, New Hampshire 
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Plastic & Rubber Products Co., 2100 Hyde 
Park Bivd., Los Angeles 47, Calif. 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. 

Precision Piston Rings Inc., 1417 Com- 
merce St., Indianapolis, Ind. 

Reid Enterprises, 2610 E. 67th, Long 
Beach 5, Calif. 

Rubber & Silicone Products, 13 Monte- 
sano Rd., Caldwell, N. J. 

W. S. Shamban & Co., 11617 W. Jefferson 
Bivd., Culver City, Calif. 

Tri-Point Plastics Inc, 175 I. U. Willets 
Rd., Albertson, N. Y. 

Universal Oil Seal Co., P. O. Box 74, 
Pontiac, Mich. 

Universal Products, Brockton, Mass. 

Victor ‘Mfg. & Gasket Co., 5750 W. Roose- 
velt Rd., Chicago 90, Ill. 

(See Ad, Page 151) 

West American Rubber Co., 400 N. Ave. 

19, Los Angeles 31, Calif. 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 


Combination Units 
These seals combine both the wiper 
and scraper functions. The sealing edge 
is made slightly smaller in diameter than 
the shaft. The wiper and scraper ele- 
ments are generally enclosed in shells 
and are press fit into the housing bore. 
Sources are: 
A Punch Products Mfg. Co., 516 S. Kolmer 
Ave., Chicago, Il. 
Accurate Felt & Gasket Mfg. Co., 1016 
S. California Ave., Chicago 12, Ill. 
Associated Technical Sales Co., 3629 N. 
Dixie Drive, Dayton 14, Ohio 
Chicago Rawhide Mfg. Co., 1301 Elston 
Ave., Chicago 22, Ill. 
(See Ad, Page 148) 
Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 

C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 
Enflo Corp., Fellowsh’> Rd. & Route 73, 

Maple Shade, N. J. 
Felters Co., 210 South St., Boston 11, 


Mass. 
(See Ad, Page 152) 
Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. 
Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 
International Packing Corp., Lake St., 
Bristol, N. H. 
(See Ad, Pages 146, 147) 


Johns-Manvilie, 22 East 40th St, New 
York 16, N. Y. 

Master Pneumatic Inc., 20430 Sherwood 
Ave., Detroit 23, Mich. 

Mechanical Rubber Products Co., War- 
wick, N. Y. 

Minor Rubber Co. Inc., Foot of Ackerman 
St., Bloomfield, N. J. 


National Seal Div., Federal-Mogul-Bower 
Beari Inc., Broadway & National 
Ave., "‘Eelenel City, if. 


(See Ad, Page 150) 
Periflex Inc., 111 E. Ten Mile Rd., Hazel 
Park, Mich. 


Precision Piston Rings Inc., 1417 Com- 
merce Si., Indianapolis, Ind 

Rubber & Silicone Products, 13 Monte- 
sano Rd., Caldwell, N. J. 


Syntron Co., Shaft Seal Div., Homer City, 
Pa. 

Tri-Point Plastics Inc., 175 I U. Willets 
Rd., Albertson, N. Y. 

Albert Trostel Packings Ltd., Marshall & 
Madison Sts., Geneva, Wis. 


Universal Oil Seal Co., P. O. Box 74, 
Pontiac, Mich. 
Universal Products, Brockton, Mass. 
Victor Mfg. & Gasket Co., 5750 W. Roose- 
velt Rd., Chicago 90, Ill. 
(See Ad, Page 151) 
Western Felt Works, Acadia Synthetic 


Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 





Thousands of sizes — 
most from stock 


Over 20 types, 7,500 sizes for shafts 
from 4" to 50” O.D. for applications 
from simple grease retention and 
dirt exclusion—to retention of wide 
range of oils, solvents, gases, 
chemicals on hot, high-speed shafts 
where seal dependability is a must. 
Unmatched engineering service to 
help you. 


Write direct or call your nearest C/R salesman. 


Oil Seal Division: 1221 Elston Avenue, Chicago 22, Ill. 
in Canada: Chicago Rawhide Mfg. Co. of Canada Lid., Brantford, Ont 


For lower costs on large runs 
— C/R Scotseals* 


You can reduce costs with C/R 
Scotseals wherever high production 
runs, difficult oil retention, or where 
equipment downtime and replace- 
ment costs are critical. The C/R | 
Scotseal seals on its integral seal- 
ing surface—not on the shaft or 
bore. Write for Bulletin SS-100. 





Directory, 





HAVE YOU DOUBLE-CHECKED 
HAVE YOU DOUBLE-CHECKED 


the “How-to-use-this-book” 
Pages to make sure that no helpful item 
or section of information on SEALS, 
GASKETS or PACKINGS has escaped 
you? After you riffle through it, go 
back and read the instructions on how 
to read this book. This will save you a 
lot of time, and will enable you to get 
the information you want with a mini- 
mum of effort. Make a note of this, 
too: if you want further information on 
any advertiser’s products shown in the 
use a READER SERVICE 
CARD, page 137. 


|| DESIGN 


Contents 








Export Sales: Geon International Carp., Great Neck, New York A PENTON PUBLICATION CLEVELAND 13, OHIO —.._.__ 
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A—RADIAL SEALS 


At Felt Applications Guide... 
your solution to 
engineering and design 


problems The complete American Felt Company 
package includes the A+ Felt Applications Guide, illustrating 
the scope of advanced engineering and research available with 
the world’s most versatile engineering and design material, 
A+ Felt...specialized technical literature covering a wide range 
of applications ...experienced consultation for your materials 
problem ...and precision cutting and fabricating facilities. 
Write today for your copy of the A+ Felt Applications Guide. 


, American Felt Company 
\ is At in 
@ SERVICE 
@ QUALITY 
@ ENGINEERING 
and RESEARCH 
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A rugged, dependable new shaft seal 
for a broad variety of applications 


NATIONAL BUD* SEALS 


410,000 series 450,000 series 


HEAVY DUTY EXTRA RUGGED 


New designs proven in 4 years 
of field application 


Permanent bonded sealing lip, 
longer life, leakproof sealing 


Rugged case won't distort under 
severe press fit 


National Seal engineers — who brought you 
Syntech® and Micro-Torc* —now offer a ruggedly 
simple new advance in precision shaft sealing 
—National BUD (Bonded Universal Design) Oil 
Seals. 


BUD seals are designed for a broad variety of ap- 
plications, including many where more complex 


*TRADE MARK NATIONAL SEAL 


470,000 series 480,000 series 
\ ene \ enn ee 
= 


+ 


+ 
ie ’ 
_— — 
4 acne 


ee Te, CS PRE 


STANDARD LOW-COST UTILITY DESIGN 


Phosphate cuating avoids rust 
Seal has superior concentricity 
Sealing materials for temperatures 
—65° F to 400° F 
Operates in most oils or 
industrial fluids 


single-lip and double-lip designs were previously 
specified. 


Full details and application engineering help on 
National BUD or other oil seals are available from 
your National Seal Division, Fieid Engineers. See 
the Yellow Pages under “Oil Seals” or write direct 
to Redwood City, Calif., home offices. 


NATIONAL SEAL 


Division, Federal-Mogu!-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio; Downey and Redwood City, 


California. 
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A—RADIAL SEALS 


K6 


Steel O.D.—Victoprene 
gasket on inside face 


Integrally molded 
| element and case 


Victoprene on O.D. 


and outer face Primary lip 


retains 
lubricant 


Newest design for compact dual-lip sealing 


Two types ...as narrow as % inch 


In Type K4 Victoprene oil seal and its variant, 
Type K6, Victor offers a highly improved version 
of compound element shaft sealing. The two types 
accommodate varying installation and bore sealing 
needs, yet provide identical shaft sealing efficiency 
in the smallest housing space. 

Check the design features. See how these seals 
can enhance your specifications for all types of 
machinery or automotive applications. You’ll like 
their moderate price, too—and fast availability in 
all standard sizes! See your Victor Oil Seal Engi- 
neering Catalog No. 306. 

DUAL SEALING SURFACES— Inner lip designed for 
maximum fluid retention. Outer lip excludes foreign 
matter or confines a secondary lubricant. 
VICTOPRENE ELEMENT—Developed of improved 
Buna N synthetic rubber for balanced resistance to 
lubricants, heat, and age deterioration. 
PRE-LUBRICATION CAVITY between lips provides 
for permanent lubrication on installation. Reduces 
frictional drag; extends seal life. 


SPACE-SAVING NARROW WIDTH — Patented 
one-piece, integrally molded element and case con- 
struction permits most compact seal housing. 
POSITIVE SPRING LOCATION — Molded groove 
in sealing element holds garter spring in proper 
place to keep uniform pressure on shaft. 

POSITIVE BORE SEALING— Type K4 has bonded- 
to-case Victoprene on O.D. and outer face. Patented 
lead-in feature aligns seal for easy installation. 
Type K6, for metal-to-metal installations, has steel 
O.D., with integral gasket on inside face for bottom 
of bore seal. 





TYPICAL APPLICATIONS—Wheel bearing 
seals on automotive vehicles, farm and road 
machinery, etc.; crankshaft; pinion; automo- 
tive transmission (rear extension housings); 
speed reducers; winches, etc. 

K4 and K6 seals supplied without 

spring where it is not required 











Victor Mfg. & Gasket Co., P. O. Box 1333, Chicago 90, Ill. 


Canadian Plant: St. Thomas, Ont. 


Victor Oil Seal 
Engineering Catalog 
No. 306, sent free 
on request. No 
designer should be 


WiECcTrohnR 


Sealing Products Exclusively 


OIL SEALS e GASKETS e PACKINGS « MECHANICAL SEALS 


without it. 
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FELT THRUST WASHER 
ALSO LUBRICATES 

This thrust washer is designed 
for double duty as a lubricator 
by the use of a felt ring and 
lubricating notches. 


FELTERS’ “ENGINEERED 
FABRICATION” 

makes it possible to specify 
felt shapes for a complete 
motor and shaft lubrication 
system, combining reservoirs, 
ond wicking, and directing oil 
flow to all required areas. 


(G WCW Nj, 
14 ‘ite: i Shey y “y 
FELT AS ALOW COST — : 
FRICTION MATERIAL 


Used os a braking or friction 

device, sometimes combined 

os a seal or washer. High co- ee 
efficient of friction and extra 

density provide foolproof 

clutching and tension action at 

low cost, like the Lever Puller 

shown at left. 
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att 
—— To get the most out of Felt, send 
\ for the Felters Design Book — a com- 
) plete digest on properties and appli- 


cations. Write, today. 


a * 


— 
Ask for FELT from... 


e 


DuFelt is a laminated 
combination of Felters’ felt 
and Hycor; and is recom- 
mended for sealing of lighter 
oils when no head exists. Seals 
and lubricates at the same 
time; and offers improvements 
over other materials. 


Felt is an ideal wicking 
and lubricating material which 
can be designed into special 
assemblies like this distribu- 
tor cam shown here. Lubrica- 
tion is constant, wear reduced, 
and felt can be shaped to 
cover all required areas. 


Lifetime bearing lubrica- 
tion is now possible by selec- 
tion of correct SAE grade, and 
designing into sealed bearing. 
Felt filters out contamination 
and works as combined reser- 
voir and wick, directing oil 
flow to required areas. 


Mechanical felt seals per- 
mit a close seal without undue 
pressure. Felt can be water- 
proofed and provides supe- 
rior grease and oil retaining 
and dust, dirt and grit ex- 
clusion. 


THE FELTERS COMPANY 


271 SOUTH STREET, BOSTON 11, MASSACHUSETTS 


Pioneer Producers of Felt and Synthetic Non- Woven Fabrics 
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OIL 
SEALS 

in Design 
Engineering 


KLOZURE Oil Seals are available with (a) finger 
spring, (b) with combination finger and garter 
spring, (c) with garter spring, (d) bonded spring- 
less, and (e) split. 


A—RADIAL SEALS 


SELECTING THE 
SEALING ELEMENT 


Efficient and durable oil seals in your 
product depend largely on selection of 
the proper sealing element. Following 
are several KLOZURE* elements that 
Garlock offers for different applications: 


Nitrile Rubber Elements. This special 
compound is standard on Garlock 
KLOZURES. Oil resistant, tough, 
resilient, and free running, it with- 
stands temperatures from -—40° to 
+250° F constant. 


Silicone Rubber Sealing Elements used 
in Garlock KLOZURE oil seals have 
excellent resistance to low-swell min- 
eral oils and some chemicals. Tem- 
perature range from —70° to +450° F. 


Viton** Sealing Elements. This new 
synthetic rubber by DuPont resists 
oils, fuels, and solvents from —20° to 
+400° F. Has low compression set, 
good tensile strength, resists ozone, 
oxygen and weathering. 


Tefion ** Sealing Elements resist all fluids 
except molten alkali metals and 
fluorine at elevated temperatures. 
Recommended for use where the 
KLOZURE will contact strong acids 
or other corrosive fluids at tempera- 
tures from.—110° to +500° F. 


Whatever your application, designing 
with Garlock KLOZURE Oil Seals 
makes good sense. You are assured of 
consistent high quality and proper 
design recommendations. 


For prompt service contact one of our 26 
sales offices and warehouses through- 
out the U.S. and Canada, or write for 
Klozure Catalog 30, Garlock Inc., 
Palmyra, N. Y. 


GA RLOC HK 
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Canadian Division: Garlock of Canada 
Ltd. 


Plastics Division: United States Gasket 
Company 

Order from the Garlock 2,000 . . . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded & Extruded 
Rubber, Plastic Products. 


*Registered Trademark 
**DuPont Trademark 





SECTION 


Ring Seals 





ING seals are used to perform difficult sealing requirements, such as 
encountered in high rotational speed, high temperature and large shaft 


applications. 


They are extensively used in piston engines and compressors, 


as well as gas turbines and turbo-compressors. Ring seals can be classified 


in two categories: I. 


Circumferential Seals 


Circumferential seals are high-perform- 
ance, low-leakage, contact-type seals for 
use in critical applications. Undergoing 
high-velocity rubbing at their primary 
sealing surfaces, the seals offer a high 
order of sealing ability and accommodate 
unlimited relative axial motion between 
stationary and rotating members. These 
seals are available in either segmented or 
continuous ring configurations. Sources 
are: 


Segmented-Ring 

American Casting & Mfg. Corp., Main & 
Water, Brooklyn 1, N. Y. 

American Felt Co., Glenville, Conn. 


American Metallic Packing Co., 298 Daw 
son, Glenfield, Pa. 


Apex Molded Products Co., 
Philadelphia, Pa. 


Atlantic India Rubber Works Inc., 57! 
West Polk St., Chicago 7, Ill. 


Becker Bros. Carbon Co., 3450 S. Laramie, 
Cicero 50, Ill 
Carbone on. 400 Myrtle Ave., 


ton, N 


Chas. E. 
Hackensack St., East 


3576 Ruth, 


Boon- 


Chapin Co. Inc., Union Ave. & 
Rutherford, N. J. 


Clevite Corp., Cleveland Graphite Bronze 
Div., 17000 St. Clair Ave., Cleveland 
10, Ohio 


C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 


John L. Dore Co., P. O. Box 7772, Hous 


ton 7, Tex 


Double Seal Ring Co., 2065 Montgomery 
St. Fort Worth 7, Tex. 


Electro-Nite Carbon Co., 8601 Torresdale 
Ave., Philadelphia 36, Pa 
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Circumferential seals. 2. Continuous. 


Enflo Corp., Fellowship Rd. & Route 73, 
Maple Shade, N. J. 


France Packing Co., 9925 Bustleton Ave., 
Philadelphia 15, Pa. 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 


Garrett Flexible Products Inc., 1101 South 
Peters, Garrett, Ind. 


General Asbestos Gasket Mfg. Corp., 1721 
So. Seventh Ave., St. Louis, Mo. 


Graphite Metallizing crm, 1063 Nepper- 
han Ave., Yonkers, N. 


Hadbar Inc., 9530 Gidley St. 
City, Calif. 


Helwig Carbon Products Inc., 2544 N. 30th 
St., Milwaukee 10, Wis. 


Industrial Rubber Works Inc., 312 W. 
Chestnut St., Chicago 10, Il. 


johns-Manville, 22 East 40th St., New 
York 16, N. Y. 


Koppers Co. Inc., 200 Scott Ave., Box 298, 
Baltimore 30, ‘Md. 
(See Ad, Page 157) 


Temple 


N. L. Kuehn Co., 3747 N. Booth St., Mil- 
waukee 12, Wis. 
Mechanical Rubber Products Co., War- 


wick, N. 


Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. 


Morganite Inc., 3302 48th St., 
City 1, N. Y. 


Polymer Corp., 2120 Fairmont Ave., Read- 


ing, Pa. 


Long Island 


- 2 Inc., 3425 Cleveland St., Skokie, 


Rubber & Silicone Products, 13 Monte- 


sano Rd., Caldwell, N. J. 
St. Marys Carbon Co., St. Marys, Pa. 


Sealol Inc., Warwick Industrial Park, 


Providence 5, 


Continuous Ring 


American Casting & Mfg. Corp., Main & 
Water, Brooklyn 1, N. Y. 


American Felt Co., Glenville, Conn. 


Apex Molded Products Co., 3576 Ruth, 
Philadelphia, Pa. 


K. Wm. Beach Mfg. Co., Beach Bldg., 
2727 Columbus, Springfield, Ohio 


Becker Bros. Carbon Co., 3450 S. Lara- 
mie, Cicero 50, Ill. 

Carbone Corp., 400 Myrtle Ave., Boon- 
ton, N. J. 


Chas. E. Chapin Co. Inc., Union Ave. & 
Hackensack St., East Rutherford, N. J. 


The Chardon Rubber Co., Subsidiary of 
Ball Bros. Co. Inc. Sixth & Wash- 
ington Aves., Chardon, Ohio 


Clevite Cleveland Graphite Bronze 
ee "706 St. Clair Ave., Cleveland 


Commonwealth Felt Co., 74 Summer St., 
Boston 9, Mass. 


C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 


John L. Dore Co., P. O. Box 7772, Hous- 
ton 7, Tex. 


Electro-Nite Carbon Co., 8601 Torresdale 
Ave., Philadelphia 36, Pa. 


Enflo Corp., Fellowship Rd. & Route 73, 
Maple Shade, N. J. 


Engineered Rubber Products Co., 1750 
pley Rd., Akron, Ohio 


Garlock Packing Co., 402 Main St., Pal- 


myra, N. Y. 


Garrett Flexible Products Inc., 1101 South 
Peters, Garrett, Ind. 


General Asbestos Gasket Mfg. Corp., 1721 
So. Seventh Ave., St. Louis, Mo. 


Gits Bros. Mfg. Co., 1866 S. Kilbourn 
Ave., Chicago 23, Ill. 


Graphite Metallizing Corp., 1063 Nepper- 
han Ave., Yonkers, N. Y. 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 


Halogen Insulator & Seal mr 9960 Pa- 


cific Ave., Franklin Park 


Helwig Carbon Products Inc., 2544 N. 
30th St., Milwaukee 10, Wis. 


Hydrodyne Corp., Skinner Seal Div., 7350 
Coldwater Canyon Ave., North Holly- 
wood, Calif. 


Johns- ani, 22 East 40th St., New 
York 16, N. 


Koppers Co. Inc., 200 Scott Ave., Box 298, 
Baltimore 30, Md. 


(See Ad, Page 157) 


N. L. Kuehn Co., 3747 N. Booth St., 
Milwaukee 12, Wis 


Mechanical Rubber Products Co., War- 
7 


wick, 


Minnesota Rubber Co., 3630 Wooddale 
Ave., Minneapolis 16, Minn. 


Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. 
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nite Inc., 3302 48th St., Long Is- 


Morganite 
land City 1, N. Y 

Polymer Corp., 2120 Fairmont Ave., Read- 
ing, 

~ c Inc., 3425 Cleveland St., 
Ill. 


Rubber & Silicone Products, 
sano Rd., Caldwell, N. J. 


St. Marys Carbon Co., St. Marys, Pa. 
Stemco Mfg. Co., P. O. Box 1628, Long- 
view, Tex. 


Sterling Asbestos & Rubber Co., 
nd, New York 19, N. Y. 


Tri-Point Plastics Inc., 175 I. U. Willets 
Rd., Albertson, N. Y 


Universal Products, Brockton, Mass. 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 


Westinghouse Air Brake Co., Industrial 
Products Div., P. O. Box 36, Wil- 
merding, Pa. 


The W-G Gasket Co., 3218 No. 126th St., 
Brookfield, Wis. 


Wickes Corp., U. S. Graphite Div., 1621 
Holland Ave., Saginaw, Mich. 


E. B. Wiggins Oil Tool Co., Inc., 3424 
E. Olympic Blvd., Los Angeles 23, Calif. 


Yates Co., 


Skokie, 


13 Monte- 


134 W. 


2211 Peninsula Drive, Erie, Pa. 


Split-Ring Seals 


Split-ring seals are used for a great num- 
ber of seal applications. Applications for 
straight-cut and seal-joint rings are com- 
mon where the ruggedness of piston rings 
is advantageous and where various de- 
grees of leakage can be tolerated. Con- 
tracting split-rings or rod seals are used 
where high pressure, high temperature, 
radiation, thermal fatigue, and need for 
reliability prohibit the use of more con- 
ventional seals or make them less de- 
sirable. These seals available with either 
straight cut, step, two piece, or three-piece 
rings. Sources are: 


Straight Cut 


A Punch Products Mfg. Co., 
mer Ave., Chicago, III. 


Accurate Felt & Gasket Mfg. Co., 1016 
S. California Ave., Chicago 12, Ill. 


The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. 


516 S. Kol- 


American Felt Co., Glenville, Conn. 


American Metallic Packing Co., 298 Daw- 
son, Glenfield, Pa. 


Auto-Diesel Piston Ring Co., 
32nd St., Cleveland 14, Ohio 


K. Wm. Beach Mfg. Co., Beach Bldg., 
2727 Columbus, Springfield, Ohio 


Becker Bros. Carbon Co., 3450 S. Lara- 
mie, Cicero 50, II. 


A. B. Boyd Co., 1235 Howard St., San 
Francisco 3, Calif. 
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Burd Piston Ring Co., 1401 23rd St. 
Rockford, Ill. 


Carbone Corp., 400 Myrtle Ave., Boon- 
ton, N. J. 


Bann pas W. Touhy Ave. 
pee oe, 


Chas. E. Sd Co. Inc., Union Ave. & 
Hackensack St., East Rutherford, N. J. 


Chicago-Allis Mfg. Co., 
Chicago 7, Ill. 


Commonwealth Felt Co., 74 Summer St., 
Boston 9, Mass. 


C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 


John L. Dore Co., P. O. Box 7772, Hous- 
ton 7, Tex. 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. 


The Duriron Co., Modern Industrial Plas- 
tics Div., 3337 N. Dixie Drive, Dayton, 
Ohio 

Electro-Nite Carbon Co., 8601 Torresdale 
Ave., Philadelphia 36, Pa. 


Enflo .. Fellowship Rd. & Route 73, 
Maple Shade, N. J. 


Excelsior Leather Washer Mfg. 
Chestnut St., Rockford, Ill. 


Felters Co., 210 South St. 
Mass. 


France Packing Co., 9925 Bustleton Ave., 
Philadelphia 15, Pa. 


Garlock Packing Co., 402 Main St., Pal- 
myra, : 

Graphite Metallizing x 1063 Nepper- 
han Ave., Yonkers, N. Y 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa 


Grover Piston Ring Co. Inc. 120 N. 
Broadway, Milwaukee 2, Wis. 


— Inc., 9530 Gidley St., Temple City, 

if. 

Halogen Insulator & Seal ., 9960 Pa- 
cific Ave., Franklin Park, Ill. 


Helwig Carbon Products Inc., 2544 N. 30th 
St., Milwaukee 10, Wis. 


Hollow Center Packing Co., 115 S. W. 
12th St., Fort Lauderdale, Fla. 

Johns-Manville, 22 East 40th St, New 
York 16, N. Y. 


Koppers Co. Inc., 200 Scott Ave., Box 
298, Baltimore 30, Md. 
(See Ad, Page 157) 


N. L. Kuehn Co., 3747 N. Booth St., Mil- 
waukee 12, Wis. 


Manufacturers Gasket Co., 
Rd., Cleveland, Ohio 


The Marlo Co. Inc., 436 Broadway, New 
York, N. Y. 


Mechanical Rubber Products Co., War- 
2 


w ick, 


125 N. Green St., 


Co., 720 


Boston 11, 


1005 Belt Line 


Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. 


National Carbon Co., Div. of Union Car- 
bide Corp., P. O. Box 6087, Cleveland 
1, Ohio 


National Seal Div., Federal-Mogul-Bower 
Beari ., Broadway & National 
Ave., Redwood City, Calif. 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


The Par-Ex Machine Co., 9 West Easton, 
Tulsa, Okla. 


Penn Fibre & Specialty Co., 2024 E. 
Westmoreland St., Philadelphia 34, Pa. 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa 


Precision Piston Rings Inc., 
merce St., Indianapolis, Ind. 


ew Corp., gy of Thom 
Wo ooldri Inc., Piston Ring 
oe St. oo 


The Rubber Sho ioe Royal Rubber Co. 
Div., Dept. 5804, South Bend, Ind. 


St. Marys Carbon Co., St. Marys, Pa. 


W. S. Shamban & Co., 11617 W. Jeffer- 
son Blvd., Culver City, Calif. 


-» 42 West 22nd St., 


1417 Com- 


Staff Die Cutting Co 
New York, N. Y. 


The Staver Co. Inc., 41 North Saxon Ave., 
Bay Shore, L. L, N. Y. 


Stein Seal Co., 20th St. & Indiana Ave., 
Philadelphia 32, Pa. 


Syntron Co., Shaft Seal Div., Homer City, 
Pa. 


Tri-Point Plastics Inc., 175 I. U. Willets 
Rd., Albertson, N. Y. 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. 


Universa! Products, Brockton, Mass. 


Victor Mfg. & Gasket e. 5750 Roose- 
velt Rd., Chicago 90, 


John M. Watts Sons, 100 wii Phila- 
delphia, Pa. 


West American Rubber Co., 400 N. Ave. 
19, Los Angeles 31, Calif. 


The W-G Gasket Co., 3218 No. 126th St., 
Brookfield, Wis. 


Step Ring 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. 


Accurate Felt & Gasket Mfg. Co., 1016 
S. California Ave., Chicago 12, Ill. 


American Felt Co., Glenville, Conn. 


American Metallic Packing Co., 298 Daw- 
son, Glenfield, Pa. 


Auto-Diesel Piston Ring Co., 1440 E. 32nd 


St., Cleveland 14, Ohio 


Becker Bros. Carbon Co., 3450 S. Laramie, 
Cicero 50, Ill. 

Burd Piston Ring Co., 
Rockford, Ill. 


Carbone Corp., 400 Myrtle Ave., 
J. 


ton, N 


1401 23rd St., 
Boon- 


Chas. E. Chapin Co. Inc., Union Ave. & 
Hackensack St., East Rutherford, N. J. 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 
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C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 


John L. Dore Co., P. O. Box 7772, Hous- 


ton 7, Tex. 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. 


Electro-Nite Carbon Co., 8601 Torresdale 
Ave., Philadelphia 36, Pa. 


Enflo Corp., Fellowship Rd. & Route 73, 
Maple Shade, N. J. 


France Packing Co., 9925 Bustleton Ave., 
Philadelphia 15, Pa. 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 


Garrett Flexible Products Inc., 1101 South 
Peters, Garrett, Ind. 

Gaphite Metallizing Corp., 1063 Nepper- 
han Ave., Yonkers, N. Y. 


Greene, Tweed & Co., 322 Elim St., North 
Wales, Pa. 


Grover Piston Ring Co. Inc., 120 N. 
Broadway, Milwaukee 2, Wis. 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 


Halogen Insulator & Seal Corp., 9960 Pa- 
cific Ave., Franklin Park, ‘ith 

Helwig Carbon Products Inc., 2544 N. 30th 
St., Milwaukee 10, Wis. 


Hollow Center Packing Co. 155 S. W. 
12th St., Fort Lauderdale, Fla. 


Johns- er, 22 East 40th St., New 
York 16, 


Ko Co. Inc., 200 Scott Ave., Box 298, 
altimore 30, Md. 
(See Ad, Page 157) 
N. L. Kuehn Co., 3747 N. Booth St., Mil- 
waukee 12, Wis. 
Mechanical Rubber Products Co., War- 
we 


wick, 


Minor Rubber Co. Inc., Foot of Ackerman 


St., Bloomfield, N. J 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


The Par-Ex Machine Co., 9 West Easton, 
Tulsa, Okla. 


Penn Fibre & Specialty Co., 2024 E. West- 
moreland St., Philadelphia 34, Pa. 


Polymer Corp., 2120 Fairmont Ave., Read- 


ing, Pa 


Precision Piston Rings Inc., 1417 Com- 


merce St., Indianapolis, Ind. 


Reid Enterprises, 2610 E. 
5, Calif 


St. Marys Carbon Co., St. Marys, Pa. 


W. S. Shamban & Co., 11617 W. Jeffer- 
son Blvd., Culver City, Calif. 


Stein Seal Co., 20th St. & Indiana Ave., 
Philadelphia 32, Pa. 


Tri-Point Plastics Inc., 
Rd., Albertson, N. Y. 


Universal Packing & Gasket Co. Inc., 5200 
Clinton Drive, Houston, Tex. 


7th, Long Beach 


175 L. U. Willets 


Universal Products, Brockton, Mass. 
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Two-Piece Ring 


A Punch Products Mfg. 
mer Ave., Chicago, Ill. 


American Felt Co., Glerville, Conn. 


American Metallic Packing Co., 298 Daw- 
son, Glenfield, Pa. 


Auto-Diesel Piston Ring Co., 1440 E. 32nd 
St., Cleveland 14, Ohio 


Becker Bros. Carbon Co., 3450 S. Lara- 
mie, Cicero 50, Ill. 


Burd Piston Ring Co., 
Rockford, III. 


Carbone Corp., 400 Myrtle Ave., 
ton, N. J. 


Co., 516 S. Kol- 


1401 23rd St., 
Boon- 


Chas. E. Chapin Co. Inc., Union Ave. & 
Hackensack St., East Rutherford, N. J. 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 

C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 


John L. Dore Co., P. O. Box 772, Hous- 
ton 7, Tex. 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. 


Enflo  - <1 Rd. & Route 73, 
Maple Shade, N. J 


Felters Co., 210 South St., 
Mass. 


France Packing Co., 9925 Bustleton Ave., 
Philadelphia 15, Pa. 


Garlock Packing Co., 402 Main St., Pal- 


myra, N. Y. 


Boston II, 


Graphite Metallizing Corp., 1063 Nepper- 
han Ave., Yonkers, N. Y. 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 


Helwig Carbon Products Inc., 2544 N. 30th 
St., Milwaukee 10, Wis. 


Hollow Center Packing Co., 115 S. W. 
12th St., Fort Lauderdale, Fla. 


a, 22 East 40th St. New 


York 16, N. 


Koppers Co. Inc., 200 Scott Ave., Box 298, 
Baltimore 30, Md. 


(See Ad, Page 157) 
Mechanical Rubber Products Co., War- 
& 4 


wick, 


Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


The Par-Ex Machine Co., 9 West Easton, 
Tulsa, Okla. 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, 

Precision Piston Rings Inc., 1417 Com- 
merce St., Indianapolis, Ind. 


Reid Enterprises, 2610 E. 67th, Long 
Beach 5, Calif. 


St. Marys Carbon Co., 


Syntron Co., Shaft Seal Div., Homer City, 
Pa. 


St. Marys, Pa. 


Universal Packing & Gasket Co. Inc., 5200 
Clinton Drive, Houston, Tex. 


Universal Products, Brockton, Mass. 


Victor Mfg. & Gasket Co., 5750 Roosevelt 
Rd., Chicago 90, Ill. 


Three-Piece Ring 


A Punch Products 
mer Ave., Chicago, 


American Metallic Packing Co., 298 Daw- 
son, Glenfield, Pa. 


Auto-Diesel Piston Ring Co., 1440 E. 32nd 
St., Cleveland 14, Ohio 


Becker Bros. Carbon Co., 3450 S. Laramie, 
Cicero 50, Ill. 


Burd Piston Ring Co., 1401 23rd St., Rock- 


ford, 
Carbone Corp., 400 Myrtle Ave., Boon- 
ton, N. J. 


Chas. E. Chapin Co. Inc., Union Ave. & 
Hackensack St., East Rutherford, N. J. 


C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 


John L. Dore Co., P. O. Box 7772, Hous- 
ton 7, Tex. 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. 


Enflo Sy Fellowship Rd. & Route 73, 
Maple Shade, N. J. 


France Packing Co., 9925 Bustleton Ave., 
Philadelphia 15, Pa. 


Garlock Packing Co., 402 Main St., Pal- 
» a 


myra, 


. Co., 516 S. Kol- 


Graphite Metallizing Corp., 1063 Nepper- 
han Ave., Yonkers, N. Y. 


— Inc., 9530 Gidley St., Temple City, 
alif. 


Helwig Carbon Products Inc., 2544 N. 30th 
St., Milwaukee 10, Wis. 


Hollow Center Packing Co., 115 S. W. 
12th St., Fort Lauderdale, Fla. 


Koppers Co. Inc., 200 Scott Ave., Box 298, 
altimore 30, Md. 


(See Ad, Page 157) 
Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


The Par-Ex Machine Co., 9 West Easton, 
Tulsa, Okla. 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. 


Precision Piston Rings Inc., 
merce St., Indianapolis, Ind. 


Reid Enterprises, 2610 E. 67th, Long 
Beach 5, Calif. 


St. Marys Carbon Co., St. Marys, Pa. 


Stein Seal Co., 20th St. & Indiana Ave., 
Philadelphia 32, Pa. 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. 


Universal Products, Brockton, Mass. 


1417 Com- 
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Koppers Sealing Rings 
give ensured actuation! 


Koppers solves diverse and difficult sealing problems. 


Modern supersonic jets and dump trucks—as dissimilar as they 
appear—both depend on Koppers Sealing Rings for efficient 
hydraulic system operation. Koppers Predictable Performance 
Sealing Rings are used in a wide variety of applications . 
engineered to satisfy each requirement of both hydraulic and 
pneumatic sealing. 

Koppers has the technological skill, gained through 38 years 
of experience, to meet the most critical performance require- 
ments in any sealing application. Look to Koppers to solve 
your sealing problems. For an informative booklet on Metallic 
Sealing Rings write to: Koppers CoMPANy, INC., 6501 Hamburg 
Street, Baltimore 3, Maryland. 


a 





A Koppers Sealing Ring is applied to a B-58 actuator. 


SEALING RINGS 


Engineered Products Sold with Service 
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Clearance 





‘LEARANCE seals limit leakage by closely controlling the annular clear- 
ance between the rotating or reciprocating shaft and the relatively 
stationary housing. These seals are employed where a small loss in ef- 
ficiency due to leakage can be permitted. They are used when pressure 
differentials are beyond the design limitations of contact seals. They are 
classified in two categories: Labyrinths and bushings. 








Advantages of labyrinth seals are: Re- 
liability, simplicity, and flexibility in ma- 
terial selection. They are used mainly 
in heavy industrial, power, and aircraft 
applications where relatively high leakage 
rates may be tolerated and where design 
simplicity is a necessity. Sources are 


A Punch Products Mfg. Co., 516 S. Kol- 


mer Ave., Chicago, Ill. 
Cartriseal Corp., 3515 W. 
Lincolnwood, Ill. 


Chicago-Allis Mfg. Co., 
Chicago 7, Ill 


Centinental Rubber Works, 
St., Erie, Pa 


Touhy Ave., 
125°N. Green St., 
1902 Liberty 
C. Lee Cook Co., Airtomic Products Div.. 


916 South Eighth St.. Louisville, Ky 


John L. Dore Co., 
ton 7, Tex 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex 


P. ©. Box 772, Hous 


Graphite qe Corp., 1063 Nepper 


han Ave., Yonkers, N. Y 


Hadbar Inc., 9530 Gidley St.. 


Calif. 


Temple City, 


International Packing Corp., Lake St., 
Bristol, N. H 
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Koppers Co. Inc., 200 Scott Ave., Box 298, 
Baltimore 30, Md. 


Morganite Inc., 3302 48th St., Long Island 
City 1, N. Y. 


National Carbon Co., Div. of Union Car- 
bide Corp., P. O. Box 6087, Cleveland 
1, Ohio 


Stackpole Carbon Co., 
St. Marys, Pa. 


Stein Seal Co., 20th St. & Indiana Ave., 
Philadelphia 32, Pa. 


Turbocraft Inc., 
dena, Calif. 


1942 Stackpole St., 


490 E. Union St., Pasa- 


Universal Products, Brockton, Mass. 


Wickes Corp., U. S. Graphite Div., 1621 
Holland Ave., Saginaw, Mich. 








Bushings 

The bushing-type seal is a close-fitting 
stationary sleeve within which the shaft 
They have a lower leakage per 
unit length than labyrinths. Although 
bushing seals are generally more expensive 
than labyrinths, it is often possible to 
achieve considerable economy in machine 
Sources are: 


rotates. 


size or efficiency. 


A Punch Products Mfg. Co., 516 S. Kol- 


mer Ave., Chicago, Ill. 


Ansuate Fels & Guest Big, Oo, 1016 5 
California Ave., Chicago | 


American Casting & ao 


Water, ieeclien l, 
Artus Corp., 203 S. Dean, Siliinds N. J. 
K. Wm. Beach Mfg. Co., Beach Bldg., 
2727 Columbus, Springfield, Ohio 
Becker Bros. Carbon Co., 3450 S. Laramie, 
Cicero 50, Ill. 


Carbone Corp., 400 Myrtle Ave., Boonton, 
N. J. 


The Chardon Rubber Co., Subsidiary of 
Ball Bros. Co. Inc., Sixth & Washington 
Aves., Chardon, Ohio 


Clevite Corp., Cleveland 
Div., 17000 St. Clair Ave., 
Ohio 


Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. 

C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 


John L. Dore Co., P. O. Box 7772, Hous- 
ton 7, Tex. 


Electro-Nite Carbon Co., 8601 Torresdale 
Ave., Philadelphia 36, Pa. 

Enflo Fellowship Rd. & Route 73, 
Maple Shade, N. J. 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 


Graphite Metallizing oe, 1063 Nepper- 
han Ave., Yonkers, N. Y. 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 
ig Carbon Products Inc., 2544 N. 
Hae St., Milwaukee 10, Wis. 


Koppers Co. Inc., 200 Scott Ave., Box 298, 
Baltimore 30, Md. 

Mechanical Rubber Products Co., War- 
wick, N. Y. 


Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. 


Morganite Inc., 3302 48th St., Long Island 
City 1, N. Y. 


National Carbon Co., Div. of Union Car- 
wy! A na P. O. Box 6087, Cleveland 
l, io 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, 

The Rubber Shop Inc., Royal Rubber Co. 
Div., Dept. 5804, South Bend, Ind. 


Rubber & Silicone Products, 13 Monte- 
sano Rd., Caldwell, N. J. 


Stein Seal Co., 20th St. & Indiana Ave., 
Philadelphia 32, Pa. 


Turbocraft Inc., 490 E. Union St., 
dena, Calif. 


te Bronze 
eveland 10, 


Pasa- 


Universal Products, Brockton, Mass. 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 


Westinghouse Air Brake Co., Industrial 
Products Div., P. O. Box 36, Wilmerd- 
ing, Pa. 


Wickes Corp., U. S. Graphite Div., 1621 
Holland Ave., Saginaw, Mich. 
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Axial 


SECTION 


(Mechanical 


Seals 





A XIAL-mechanical seals, sometimes called end-face seals, are a prefabri- 

cated or packaged assembly that forms a running seal between flat, 
precision-finished surfaces. Except in a few special designs, sealing surfaces 
are oriented at right angles to the axis of shaft rotation. Direction of forces 
holding the sealing faces in contact is parallel to the shaft. The main ad- 
vantage of an end-face seal is its low leakage rate. Standard end-face seals 
have been used for pressures up to 3000 psi in heavy duty process pumps, 
for speeds exceeding 50,000 fpm, and for temperatures above 500 F. End- 
face seals are available as a packaged component in any combination of 
the following basic categories, namely: Stationary or rotating, balanced or 
unbalanced, inside or outside mounted. 











Stationary or Rotating: The stationary seal 
is well suited to high-speed service. Ro- 
tating seals are easier to install to a 
straight shaft section, but require a high- 


grade polish or finish which must be 
maintained on the seal material. 











Balanced or Unbalanced: Balanced, or 
partially balanced seals provide a means 
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of reducing the load imposed on the seal 
faces by the sealed hydraulic pressure, 
thus reducing facewear and increasing 
seal life. However, balanced seals are 
relatively expensive. 














Inside or Outside Mounted: Use of the 
outside mounted seal is recommended 
where the component parts of an inside 
unit (springs, pins, etc.) might be abraided 
by an abrasive or gritty fluid medium. 
However, the more widely used inside 
unit usually permits design of a some- 
what more compact seal installation. 

In this section, manufacturers are 
grouped under the various combinations 
of these basic categories. Manufacturers 
of metal bellows-type mechanical seals are 
listed in a separate category. 


Stationary Balanced 
Internally Mounted 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, III. 


Borg-Warner Corp., Mechanical Seals Div., 
P. O. Box 2017 Terminal Annex, Los 
Angeles 54, Calif. 

(See Ad, Page 163) 


Chicago Rawhide . Co., 1301 Elston 
Ave., Chicago ot 
(See Ad, Page 168) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 
(See Ad, Page 169) 


Clevite Corp., Cleveland Graphite Bronze 
Div., 17000 St. Clair Ave., Cleveland 10, 
Ohio 

Continental Rubber Works, 1902 Liberty 


St., Erie, Pa. 


Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill 


(See Ad, Page 165) 


Donley Products Inc., 11107 Avon Ave., 
Cleveland, Ohio 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. 


Durametallic Corp., 2104 Factory St., Kala- 
mazoo, Mich. 


(See Ad, Page 166) 


Electro-Nite Carbon Co., 8601 Torresdale 
Ave., Philadelphia 36, Pa. 


Garrett Flexible Products Inc., 1101 South 
Peters, Garrett, Ind 

Gits Bros. Mfg. Co., 1866 S. Kilbourn Ave., 
Chicago 23, Ill. 

Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 

Hydrodyne Corp., Skinner Seal Div., 7350 
Coldwater Canyon Ave., North Holly- 
wood, Calif. 


Kennametal Inc., 700 Lloyd Ave., Latrobe, 
Pa. 
(See Ad, Page 164) 


Koppers Co. Inc., 200 Scott Ave., Box 298, 
Baltimore 30, Md. 


Magnetic Seal Corp., 301 Sowams Rd., 
Barrington, R. I. 

(See Ad, Page 167) 

Metal Bellows Corp., 27 Mica Lane, 
Wellesley Hills 81, Mass. 

(See Ad, Page 161) 

Muskegon Piston Ring Co., Rotary Seal 
Div., Sparta, Mich. 

National Carbon Co., Div. of Unien 
Carbide Corp., P. O. Box 6087, Cleve- 
land 1, Ohio 

(See Ad, Page 166) 

Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. 

St. Marys Carbon Co., St. Marys, Pa. 

Schwitzer Corp., 1125 Massachusetts Ave., 
Indianapolis 7, Ind. 


Sealol Inc., Warwick Industrial Park, 
Providence 5, I 


(See Ad, Page 172) 


Stein Seal Co., 20th St. & Indiana Ave., 
Philadelphia 32, Pa. 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 


Victor Mfg. & Gasket Co., 5750 Roose- 
velt Rd., Chicago 90, Ill. 


Wickes Corp., U. S. Graphite Div., 1621 
Holland Ave., Saginaw, Mich. 
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PRODUCT DIRECTORY 


BEARINGS & SEAL RINGS FOR 1200'F 


CERAMAG® FERROMAGNETIC CORES © SLIDE & SNAP SWIfCHES © VARIABLE COMPOSITION 
RESISTORS © FIXED COMPOSITION CAPACITORS © BRUSHES FOR ALL ROTATING ELECTRICAL 


EQUIPMENT © ELECTRICAL CONTACTS ¢ GRAPHITE BEARINGS & SEAL RINGS ¢ COLDITE 70+ 
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When the heat is really “on” and ordinary graphite and even 
exotic metals fail, the new Stackpole 741 Graphite may well be 
your answer! Even surpassing Stackpole’s famous 469 grade in 
oxidation resistance, Grade 741 paves the way for significant 
improvements in seals and bearings for jet engines and other 
high temperature applications. 

Thanks to a new break-through in chemical processing, Stack- 
pole Grade 741 operates reliably in the 1000° to 1200°F range 
and below. The material has a low coefficient of friction . . . 
exhibits very little wear even at maximum temperatures. And it 
retains graphite’s inherently excellent self-lubricating properties. 

741 High-Temperature Graphite is just one of numerous 
highly specialized carbon and graphite materials developed by 
Stackpole for difficult mechanical applications. To learn 
more about their economy and performance advantages, why 
not submit details of your applications to Stackpole for 
recommendation? STACKPOLE CARBON CO., St. Marys, Pa. 


GRAPHITE 


FIXED COMPOSITION RESISTORS © AND HUNDREDS OF RELATED PRODUCTS 


Circle $-11 on Page 19 

















Stationary Balanced 
Externally Mounted 


A Punch Products . Co., 516 S. Kol- 
mer Ave., Chicago, Ill. 


Becker Bros. Carbon Co., 3450 S. Laramie, 
Cicero 50, Ill. 


Chicago Rawhide Mfg. Co., 1301 Elston 
Ave., Chicago 22, Ill. 


(See Ad, Page 168) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 

(See Ad, Page 169) 

Clevite Cleveland Graphite Bronze 
Div., 17 St. Clair Ave., Cleveland 
10, Ohio 

Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. 

Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill. 


(See Ad, Page 165) 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. 


Electro-Nite Carbon Co., 8601 Torresdale 
Ave., Philadelphia 36, Pa. 


Garrett Flexible Products Inc., 1101 South 
Peters, Garrett, Ind. 


Gits Bros. Mfg. Co., 1866 S. Kilbourn Ave., 
Chicago 23, Ill. 


Hadbar Inc., 9530 Gidley St., Temple City. 
Calif. 


Hydrodyne Corp., Skinner Seal Div., 7350 
Coldwater nyon Ave., North Holly- 
wood, Calif. 


“ene Inc., 700 Lloyd Ave., Latrobe, 
a. 
(See Ad, Page 164) 


Koppers Co. Inc., 200 Scott Ave., Box 298, 
Baltimore 30, Md. 


Magnetic Seal Corp., 301 Sowams Rd., 
Barrington, R. I. 
(See Ad, Page 167) 
Metal Bellows Cerp., 27 Mica Lane, 
Wellesley Hills 81, Mass. 
(See Ad, Page 161) 


Muskegon Piston Ring Co., Rotary Seal 
Div., Sparta, Mich. 


National Carbon Co., Div. of Union 
Carbide Corp., P. O. Box 6087, Cleve- 
land 1, Ohio 

(See Ad, Page 166) 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. 
St. Marys Carbon Co., St. Marys, Pa. 


Sealol Inc., Warwick Industrial Park, 
Providence 5, R. L 
(See Ad, Page 172) 


Stein Seal Co., 20th St. & Indiana Ave., 
Philadelphia 32, Pa. 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 


Victor Mfg. & Gasket Co., 5750 Roose- 
velt Rd., Chicago 90, Ill. 


Wickes .. U. S. Graphite Div., 1621 
Holland Ave., Saginaw, Mich. 
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Stationary Unbalanced 
Internally Mounted 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. 

Abbey Machine & Engineering Co., 900 
Passaic, Caldwell Township, N. J. 


K. Wm. Beach Mfg. Co., Beach Bldg., 
2727 Columbus, Springfield, Ohio 


Becker Bros. Carbon Co., 3450 S. Laramie, 
Cicero 50, Ill. 


Borg-Warner Corp., Mechanical Seals Div., 
P. O. Box 2017 Terminal Annex, Los 
Angeles 54, Calif. 

(See Ad, Page 163) 


Chicago Rawhide Mfg. Co., 1301 Elston 
Ave., Chicago 22, Ill. 
(See Ad, Page 168) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Il. 
(See Ad, Page 169) 


Clevite Corp., Cleveland Graphite Bronze 
Div., 17000 St. Clair Ave., Cleveland 10, 
Ohio 

Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. 

Crane Packing Co., 6400 Oakton St., Mor- 


ton Grove, Ill. 


(See Ad, Page 165) 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. 


Electro-Nite Carbon Co., 8601 Torresdale 
Ave., Philadelphia 36, Pa. 


Garrett Flexible Products Inc., 1101 South 
Peters, Garrett, Ind. 


Gits Bros. Mfg. Co., 1866 S. Kilbourn Ave., 
Chicago 23, Ill. 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 


Hydrodyne Corp., Skinner Seal Div., 7350 
Coldwater Canyon Ave., North Holly- 
wood, Calif. 


Kennametal Inc., 700 Lloyd Ave., Latrobe, 
Pa. 
(See Ad, Page 164) 


Magnetic Seal Corp., 301 Sowams Rd., 
Barrington, R. L 
(See Ad, Page 167) 
Metal .. 27 Mica Lane, 


Bellows Corp 
Wellesley Hills 81, Mass. 
(See Ad, Page 161) 


Muskegon Piston Ring Co., Rotary Seal 
Div., Sparta, Mich. 

National Carbon Co., Div. of Union 
Carbide Corp., P. O. Box 6087, Cleve- 
land 1, Ohio 

(See Ad, Page 166) 


National Seal Div., Federal-Mogul-Bower 
Beari Inc., Broadway & National 
Ave., Redwood City, if. 


Penn Fibre & ialty Co., 2024 E. 
Westmore St., Philadelphia 34, Pa. 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. 

St. Marys Carbon Co., St. Marys, Pa. 

Schwitzer Corp., 1125 Massachusetts Ave., 
Indianapolis 7, Ind. 
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D—AXIAL (MECHANICAL) SEALS 


Absolutely Dependable 
Valve Seal 


For High Temperature — High Pressure 
Maximum Corrosion Resistance . . 





Operating pressure: 2500 psi — Temperatures up to 650° F 
Maximum. Design hydrostatic pressure rating — 3,750 psi. 
Valve manufactured by Crosby Valve & Gage Co., Wrentham, 
Massachusetts. 

The valve and bellows shown here team together to control 
pressurized water in a nuclear power plant. This hermetically 
sealed combination steam and hot water valve protects the 
main coolant system of the primary loop. 

The welded diaphragm bellows of inconel construction 
combines maximum physical properties with excellent corro- 
sion resistance to sea water. Forming an integral part of the 
relief valve, the bellows serves as a balancing and sealing 
member assuring proper valve operation on high pressure 
steam and hot water under conditions of varying discharge 
pressure and high flashing. 

Assure dependabie valve sealing with welded bellows engi- 
neered and manufactured by Metal Bellows Corporation. All 
inquiries given “on-the-spot” attention in full detail. 


106 MICA LANE, WELLESLEY HILLS 82, MASS. 
Pacific Division: 20972 Knapp Street, Chatsworth, California 
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PRODUCT DIRECTORY 


rotating shaft 





oF 


GROMMET TYPE CARTRIDGE TYPE BOOT TYPE 


kA 
M 
\, 


me 
ya 


Cartriseal Corporation 
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Sealol Inc., Warwick Industrial Park, 
Providence 5, R. L 
(See Ad, Page 172) 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 


Victor Mfg. & Gasket Co., 5750 Roose- 
velt Rd., Chicago 90, Ill. 


Wickes Corp, U. S. Graphite Div., 162! 
Holland Ave., Saginaw, Mich. 


Stationary Unbalanced 
Externally Mounted 


A Punch Products Mfg. Co., 516 S. Kolmer 
Ave., Chicago, Ill. 


Borg-Warner Corp., Mechanical Seals Div., 
P. QO. Box 2017 Terminal Annex, Los 
Angeles 54, Calif. 

(See Ad, Page 163) 


A. W. Chesterton Co., 6 Ashland St., 
Everett, Mass. 
Chicago Rawhide Mfg. Co., 1301 Elston 
Ave., Chicago 22, Il. 
(See Ad, Page 168) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 
(See Ad, Page 169) 


Clevite Corp., Cleveland Graphite Bronze 
Div., 17000 St. Clair Ave., Cleveland 
10, Ohio 

Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. 

Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, IIl. 


(See Ad, Page 165) 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. 


Gits Bros. Mfg. Co., 1866 S. Kilbourn Ave., 
Chicago 23, Ill. 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 

Hydrodyne Corp., Skinner Seal Div., 7350 
Coldwater Canyon Ave., North Holly- 
wood, Calif. 


Kennametal Inc., 700 Lloyd Ave., Latrobe, 
Pa. 
(See Ad, Page 164) 


Magnetic Seal Corp., 301 Sowams Rad., 
Barrington, R. L. 
(See Ad, Page 167) 


Metal Bellows Corp., 27 Mica Lane, 
Wellesley Hills 81, Mass. 
(See Ad, Page 161) 


Muskegon Piston Ring Co., Rotary Seal 
Div., Sparta, Mich. 

National Carbon Co., Div. of Union 
Carbide Corp., P. O. Box 6087, Cleve- 
land 1, Ohio 

(See Ad, Page 166) 


National Seal Div., Federal-Mogul-Bower 
Bearings Inc., Broadway & National 
Ave., Redwood City, Calif. 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. 


St. Marys Carbon Co., St. Marys, Pa. 
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Sealol Imc., Warwick Industrial Park, 
Providence 5, R. L 
(See Ad, Page 172) 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 


Victor Mfg. & Gasket Co., 5750 Roose- 
velt Rd., Chicago 90, Ill. 


Wickes Corp., U. S. Graphite Div., 1621 
Holland Ave., Saginaw, Mich. 


Rotating Balanced 
Internally Mounted 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. 

Borg-Warner Corp., Mechanical Seals Div., 
P. O. Box 2017 Terminal Annex, Los 
Angeles 54, Calif. 

(See Ad, Page 163) 


Cartriseal Corp., 3515 W. Touhy Ave., 
Lincolnwood, III. 


(See Ad, Page i62) 
Chicago Rawhide Mfg. Co., 1301 Elston 


22, Il. 


Ave., Chicago 22, 
(See Ad, Page 168) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Il. 
(See Ad, Page 169) 


Coors Porcelain Co., Golden, Colo. 
(See Ad, Page 171) 


Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, IIl. 


(See Ad, Page 165) 


Donley Products Inc., 11107 Avon Ave., 
Cleveland, Ohio 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. 
Durametallic Corp., 2104 Factory St., Kala- 


mazoo, Mich. 


(See Ad, Page 166) 


Fawick Airflex Div., Fawick Corp., 9919 
Clinton Rd., Cleveland, Ohio 

Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y 


(See Ad, Page 173) 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 

Hydrodyne Corp., Skinner Seal Div., 7350 
Coldwater Canyon Ave., North Holly- 
wood, Calif. 


Kennametal Inc., 700 Lloyd Ave., Latrobe, 


Pa. 
(See Ad, Page 164) 


Koppers Co. Inc., 200 Scott Ave., Box 298, 
Baltimore 30, Md 


Magnetic Seal Corp., 301 Sowams Rd., 
Barrington, R. L 
(See Ad, Page 167) 


Metal Bellows Corp. 27 Mica Lane, 

Wellesley Hills 81, Mass. 
(See Ad, Page 161) 

Muskegon Piston Ring Co., Rotary Seal 
Div., Sparta, Mich. 

National Carbon Co., Div. of Union 
Carbide Corp., P. O. Box 6087, Cleve- 
land 1, Ohio 

(See Ad, Page 166) 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. 
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best way _ 
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Boblem, and you've named the 


Sst reason for using a Borg-Warner 


banical Seal on that shaft 


The real practical value of Borg- 


Warner Seals is their ability to seal 
effectively under the toughest 
extremes of temperature and pressure 

.. for toxic, volatile or corrosive 
fluids...and even some abrasive 
liquids. Result —less down time. 
elimination of leakage and expensive 
stuffingbox maintenance. 


Borg-Warner Mechanical Seals 


NOW AVAILABLE — a new file folder of 
Borg-Warner Mechanical Seal designs shows 
some of the many types and applications 
possible for mixers, pumps, compressors, 
autoclaves and for special rotating shaft 
problems. Send for your copy today —there's 
no obligation. 
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PRODUCT DIRECTORY 


Dura Seal 
Type PTO 
Balanced Seal. 
Location of 
Kennametal* 
Seal Ring 
indicated 

by arrow. 


— 


It’s tough to seal ethylene. . . but 
it can be done with KENNAMETAL 


Single mechanical! seals for ethylene and other light hydrocarbons must 
operate for several minutes at a time in vapor, without benefit of liquid 
lubrication. The seal and mating faces must therefore be able to operate 
virtually dry during these periods, at pressures up to 600 p.s.i., without 
damage to the seal faces. 

For this difficult sealing job, Durametallic Corporation has found 
Kennametal Seal Rings superior to either cast alloy or ceramic rings. 
Kennametal rings can operate successfully with a minimum of lubri- 
cation. Kennametal stands the additional loading imposed by these 
adverse conditions. provides stability under high temperatures, and 
resists thermal shock. 

On one ethylene pumping application, several ““Dura Seals” with 
Kennametal rings have been operating for well over a year. Customer 
satisfaction has led to the purchase of additional seals for similar use. 

To seal gases, exotic fuels, fluids, slurries, acids, basic solutions, 
synthetic and petroleum base fuels, organic solvents, butyl extracts. . . 
Specify Kennametal for exceptionally good dimensional stability, for 
successful sealing of a great variety of media, for strength without 
great mass, for corrosion and wear resistance, and for high temperature 
applications. 

Send for these booklets: B-111-B-——‘‘Properties of Kennametal” and 
B-666——‘‘Proven Uses of Kennametal and Kentanium.*’”’ Write Dept. 
MD, KennaMeErAL INc., Latrobe, Pennsylvania. 

Note: Kennametal Inc. makes seal rings used by leading manufac- 
turers of seals. 


*Kennametal is the registered trademark of a series of hard carbide alloys of tungsten, tungsten-titanium 
and tantalum. Kentanium is the registered trademark for one of the series that has special advantages 
for applications requiring a lighter weight material and/or exceptional stability at temperature extremes. 


INDUSTRY AND 


KENNAMETAL 
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St. Marys Carbon Co., St. Marys, Pa. 
Sealol Inc., Warwick Industrial Park, 
Providence 5, R. L 
(See Ad, Page 172) 
Stackpole Carbon Co., 1942 Stackpole St., 
St. Marys, Pa. 
(See Ad, Page 160) 
Stein Seal Co., 20th St. & Indiana Ave., 
Philadelphia 32, Pa. 


| Syntron Co., Shaft Seal Div., Homer City, 


Pa. 

Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 

Vibra Seal Corp., 2832 E. Grand Blvd., 
Detroit 11, Mich. 

Victor Mfg. & Gasket Co., 5750 Roose- 
velt Rd., Chicago 90, Ill. 

Wickes ., U. S. Graphite Div., 1621 
Holland Ave., Saginaw, Mich. 


- Rotating Balanced 
Externally Mounted 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, II. 


Cartriseal Corp., 3515 W. Touhy Ave., 
Lincolnwood, III. 
(See Ad, Page 162) 
A. W. Chesterton Co., 6 Ashland St., 
Everett, Mass. 
Chicago Rawhide Mfg. Co., 1301 Elston 
Ave., Chicago 22, Ill. 
(See Ad, Page 168) 
Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 
(See Ad, Page 169) 
Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, IIl. 


(See Ad, Page 165) 
Durametallic Corp., 2104 Factory St., Kala- 


mazoo, Mich. 


(See Ad, Page 166) 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 


(See Ad, Page 173) 
Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 


Hydrodyne Corp., Skinner Seal Div., 7350 
Coldwater Canyon Ave., North Holly- 
wood, Calif. 


Kennametal Inc., 700 Lloyd Ave., Latrobe, 
Pa. 
(See Ad, Page 164) 
Co. Inc., 200 Scott Ave., Box 298, 
altimore 30, Md. 
Magnetic Seal Corp., 301 Sowams Rd., 
Barrington, R. 1 
(See Ad, Page 167) 
Bellows Corp. 27 Mica Lane, 
Wellesley Hills 81, Mass. 
(See Ad, Page 161) 
Muskegon Piston Ring Co., Rotary Seal 
Div., Sparta, Mich. 


National Carbon Co., Div. of Union 
Carbide Corp., P. O. Box 6087, Cleve- 
land 1, Ohio 


(See Ad, Page 166) 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. 
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St. Marys Carbon Co., St. Marys, Pa. 


Sealol Inc., Warwick Industrial Park, 
Providence 5, R. L 
(See Ad, Page 172) 


Stackpole Carbon Co., 1942 Stackpole St., 
St. Marys, Pa. 
(See Ad, Page 160) 
Stein Seal Co., 20th St. & Indiana Ave., 
Philadelphia 32, Pa. 


Syntron Co., Shaft Seal Div., Homer City, 
Pa. 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 

Vibra Seal Corp., 2832 E. Grand Blvd., 
Detroit 11, Mich. 

Victor Mfg. & Gasket Co., 5750 Roose- 
velt Rd., Chicago 90, Ill. 


Wickes Corp., U. S. Graphite Div., 1621 
Holland Ave., Saginaw, Mich. 


Rotating Unbalanced 
Internally Mounted 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. 


Borg-Warner Corp., Mechanical Seals Div., 
P. O. Box 2017 Terminal Annex, Los 
Angeles 54, Calif. 

(See Ad, Page 163) 


Cartriseal Corp., 3515 W. Touhy Ave., 
Lincolnwood, III. 
(See Ad, Page 162) 


Chicago Rawhide . Co.,.1301 Elston 
Ave., Chicago 22, Ill. 
(See Ad, Page 168) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 
(See Ad, Page 169) 


Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill. 


(See Ad, Page 165) 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. 


Durametallic Corp., 2104 Factory St., Kala- 
mazoo, Mich. 
(See Ad, Page 166) 
Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 
(See Ad, Page 173) 


Gits Bros. Mfg. Co., 1866 S. Kilbourn Ave., 
Chicago 23, Ill 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 

Hydrodyne Corp., Skinner Seal Div., 7350 
Coldwater Canyon Ave., North Holly- 
wood, Calif. 

Kennametal Inc., 700 Lloyd Ave., Latrobe, 
Pa. 

(See Ad, Page 164) 


Magnetic Seal Corp., 301 Sowams Rd., 
Barrington, R. I. 
(See Ad, Page 167) 


Metal Bellows Corp. 27 Mica 
Wellesley Hills 81, Mass. 
(See Ad, Page 161) 


Lane, 
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D—AXIAL (MECHANICAL) SEALS 


Shaft Seal Design 
With A Purpose! 


POSITIVE DRIVE 


This gives long seal life. Drive is trans- 
mitted through the driving band and 
washer driving notch which absorb all 
breakout and running torque. Damag- 
ing stresses on the bellows or flexible 
sealing member are eliminated. Slip- 
page is also eliminated, thus protecting 
shaft or sleeve against galling. 


FLEXIBILITY 


Axial and radial misalignment problems 
are eliminated. Self-adjusting bellows 
or sealing head automatically compen- 
sates for shaft end play or run out. 
Minimum spring pressure is required 
for axial shaft movement and uniform 
sprin; ressure is maintained during 
radial shaft movement. 


PRECISION MANUFACTURE 


Leakproof performance is assured. 
Washer and seat surfaces are precision 
lapped to a perfect mate under a 
patented “John Crane” process. 


A SEAL FOR EVERY SERVICE 


All “John Crane” Seals are constructed 
to the particular service requirements 
. .. from hot or cold water to the most 
destructive acids, corrosives and gases 
. . . temperatures up to 1000°F.... 
ressures to 1200 psi. They can be 
urnished in types and sizes to meet 
practically any mechanical or dimen- 
sional condition. 


Request Bulletin $-204-2. Containing full information 
on “John Crane” engineered shaft seals. 


COMPLETE 


DETAILS 


ine 


MECHANICAL PACKINGS 





TEFLON PRODUCTS LAPPING MACHINES THREAD COMPOUNDS 
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PRODUCT DIRECTORY 


Available now... 


TIONAL 


TRACE MARK 


CARBON-GRAPHITE 


MECHANICAL MATERIALS 


National Carbon Company —a pioneer 
in the carbon and graphite industry— 
offers a line of new high-quality mate- 
rials for mechanical applications, These 
carbon-graphite materials provide the 
following advantages for seal applica- 
tions: 


@ + HIGHER MODULUS OF ELASTICITY 
(Elastic modulus vaiues in excess 
of 4,000,000 PSI.) 

@ INCREASED STRENGTH AS 
TEMPERATURES RISE 

@ + EXCELLENT CORROSION RESISTANCE 
(Greater resistance to strong caustic 
and acid solutions.) 

+ LEAK-TIGHT AT HIGHER GAS 
AND LIQUID PRESSURES 
MOLDABLE TO SIZE 

RESISTS OXIDATION TO HIGH 
TEMPERATURES 


DIMENSIONALLY STABLE 
RELATIVELY LOW MASS 
MACHINABLE TO CLOSE TOLERANCES 
ECONOMICAL 
tExclusive with ‘National’ Carbon-Graphite Materials 


WRITE FOR 5 
MECHANICAL CATALOG— 

This fuily illustrated eight- 
page catalog contains data 
on grades, properties and 
applications of “National” 
Carbon-Graphite materials 
for mechanical applications. 
For details, write National 
Carbon Company, Division of 
Union Carbide Corporation, 
270 Park Avenue, N.Y. 17, N.Y, 


National” and ‘Union Carbide” are 


registered trade-marks for products of 
NATIONAL CARBON COMPANY eS 
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Muskegon Piston Ring Co., Rotary Seal 
Div., Sparta, Mich. ° 
National Carbon Co., Div. of Union 
Carbide Corp., P. O. Box 6087, Cleve- 
land 1, Ohio 
(See Ad, Page 166) 


National Seal Div., Federal-Mogul-Bower 
Bearings Inc., Broadway & National Ave., 
Redwood City, Calif. 


Polymer Corp., 2120 Fairmont Ave., Read- 


ing, Pa. 
St. Marys Carbon Co., St. Marys, Pa. 
Sealol Inc. Warwick Park, 


Providence 5, R. 


L. 
(See Ad, Page 172) 


Stackpole Carbon Co., 1942 Stackpole St., 
St. Marys, Pa. 
(See Ad, Page 166) 


Syntron Co., Shaft Seal Div., Homer City, 
Pa. 


Industrial 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 

Vibra Seal Corp., 2832 E. Grand Blvd., 
Detroit 11, Mich. 


Victor Mfg. & Gasket Co., 5750 Roose- 
velt Rd., Chicago 90, Il. 


Rotating Unbalanced 
Externally Mounted 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. 


Cartriseal Corp., 3515 W. Touhy Ave. 
Lincolnwood, III. 


(See Ad, Page 162) 


Chicago Rawhide Mfg. Co., 
Ave., Chicago 22, Ill. 
(See Ad, Page 168) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 
(See Ad, Page 169) 


Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill. 
(See Ad, Page 165) 
Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 
(See Ad, Page 173) 
Gits Bros. Mfg. Co., 1866 S. Kilbourn Ave., 
Chicago 23, Ill. 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 


Hydrodyne Corp., Skinner Seal Div., 7350 
Coldwater Canyon Ave., North Holly- 
wood, Calif. 


1301 Elston 


Kennametal Inc., 700 Lloyd Ave., Latrobe, 
Pa. 
(See Ad, Page 164) 


Magnetic Seal Corp., 301 Sowams Rd., 
Barrington, R. I. 
(See Ad, Page 167) 


Metal Bellows Corp. 27 Mica 
Wellesley Hills 81, Mass. 
(See Ad, Page 161) 


Muskegon Piston Ring Co., Rotary Seal 
Div., Sparta, Mich. 


National Carbon Co., Div. of Union 
Carbide Corp., P. O. Box 6087, Cleve- 
land 1, Ohio 

(See Ad, Page 166) 


Lane, 


HOW DO YOU MEASURE A MECHANICAL SEAL? 





for 


MONEY’S-WORTH 


and 


SERVICE-WORTH 
specify 


UIA 
S/AL 


“The Engineered 
Mechanical Seal” 


the most complete line of 
mechanical seals marketed 
today. 





backed by 25 years of ex- 
perience in the field. 


simple in design — simple 
to install. 


provides perfect sealing— 
prevents loss of valuable 
fluids. 


designs allow for maxi- 
mum interchangeability of 
parts. 


backed by a national net- 
work of sales and service 
offices. 


standard parts stocked in 
Baton Rouge, La., Borger, 
and Houston, Texas, Kala- 
mazoo, Los Angeles, New- 
ark and St. Thomas, Ont. 


For information on types of 
Dura Seals to meet your 
sealing needs, write for 
copy of Catalog No. 480MD 


DURA ® , SEAL 


DURAMETALLIC 
CORPORATION 


KALAMAZOO, MICHIGAN 
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D—AXIAL (MECHANICAL) SEALS 





For Positive, Permanent Shaft Sealing ... Without Springs! 


MAGNETIC SHAFT SEALS 


New Design Concept Offers Many Distinct Features in High or 
Low Pressure Fluid Sealing... 





FLUX LINES MAGNETIC 


SHAFT ELEMENT 


Compactness 
Proven Reliability 


CARBON SEALING FACE 


O-RING FOR SHAFT 





Economy 

Long Life 
Versatility 
Simple Design 
Minimum Friction 


O-RING FOR 
HOUSING 








\ 
( 





UNIQUE PRINCIPLE 


Magnetics have revolutionized seal 
design. Magnetic force and fluid pres- 
sure replace spring action in this com- 
pletely new line of rotary seals. A mag- 
netized ring of Alnico V, press-fitted 
into equipment house, firmly holds the 
mating ring on the shaft element by mag- 
netic force. The carbon ring in the face 
of the shaft element, in balanced contact 
with the lapped surface of the magnet, 
forms a permanent, self-adjusting face 
seal. O-rings in both shaft and magnetic 
elements prevent leakage of confined 
fluid or gas. 


Design advantages . . . no springs or 
screws required . . . more compact, 
lighter seals . . . self-positioning when 
assembling . . . even distribution of seal- 
ing force . . . no initial face leakage .. . 
slow, even wear-in period lasts life of 
seal . . . self-lubricating carbon sealing 
face runs cool, minimizes wear. 


f 
\ 


Balanced Wear 

Easy Assembiy 
Minimum Maintenance 
Interchangeability 

For High Temperatures 
For All Shaft Sizes 


MANY APPLICATIONS 


Exceptionally suited to aircraft and 
missile applications, magnetic seals pro- 
vide design engineers throughout indus- 
try with a totally new approach to their 
sealing problems. Magnetic seals have 
provided reliable service under severe 
operating conditions against a wide vari- 
ety of fluids. Standard seals effective up 
to 3000 psi, temperatures to 500°F. . . . 
special adaptations to suit extreme tem- 
peratures, pressures or high rubbing 
speeds. 


MANY DESIGNS AND 
ADAPTATIONS 


The seals illustrated here show the 
versatility of the magnetic principle. 
Many other basic designs and adapta- 
tions are available. Magnetic Seal Con 
poration’s engineers will gladly make 
recommendations on your particular 
requirements. 


REQUEST LITERATURE 


For additional technical information, 
request complete brochure. 


magnetic seal corp- 


January i9, 1961 
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either high or low 
pressure — large size 





[ ) 
& 


cartridge-type 
balanced-pressure 
safety feature 





TTD SAPS J 
limited longitudinal 
space type 





0 


te... 
+ + Q 


r 


= 
rte, 


high temperature 








high temperature 
piston ring type 





166 Bay Spring Ave. 
West Barrington, R.! 
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National Seal Div., Federal-Mogul-Bower 
~ * Inc., Broadway & National 
Ave., Redwood City, Calif. 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. 
St. Marys Carbon Co., St. Marys, Pa. 
Sealol Inc.. Warwick Park, 
Providence 5, R. I 
(See Ad, Page 172) 
Stackpole Carbon Co., 1942 Stackpole St., 
St. Marys, Pa. 
(See Ad, Page 160) 
Syntron Co., Shaft Seal Div., Homer City, 
Pa. 
Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 
Vibra Seal Corp., 2832 E. Grand Blvd., 
Detroit 11, Mich. 
Victor Mig. & Gasket Co., 5750 Roose- 
velt Rd., Chicago 90, Il. 


Wickes Corp, U. S. Graphite Div., 1621 
Holland Ave., Saginaw, Mich. 


Metal Bellows Type 


These seals are used where extremely 
corrosive liquids must be sealed. They 
offer an alternative where synthetic elas- 


Industrial 


tomers are unsatisfactory because of the 
possibility of chemical attack. They are 
used in the low to medium pressure range, 
particularly in the larger bellows sizes 
Sources are: 


Standard face seals 
deliver maximum efficiency 
in minimum space 


Standard sizes for %" to 4” shafts. 
Pressures to 500 psi; temperatures 
to 500°F; peripheral speeds to 15,000 
fpm. sealing external or internal 
pressures. Two complete series, 
long or short—pre-engineered to 
meet the widest possible :ange of 
sealing requirement. Standard mat- 
ing rings also available. Write for 
Bulletin EF-100 


Abbey Machine & Engineering Co., 900 
Passaic, Caldwell Township, N. J. 


Aero-Flex Corp., 7952 Othello St. San 
Diego 11, Calif. 


Avica Corp., P. O. Box 180, Newport, R. L 


Borg-Warner Corp., Mechanical Seals Div., 
P. O. Box 2017 Terminal Annex, Los 
Angeles 54, Calif. 


(See Ad, Page 163) 
Breeze Corp, Inc., 700 Liberty Ave., Union, 
N. J. 


Cartriseal Corp., 3515 W. Touhy Ave., 
Lincolnwood, Ill. 

(See Ad, Page 162) 

Chicago Rawhide . Co., 1301 Elston 
Ave., Chicago 22, Ill. 

(See Ad, Page 168) 

Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 

(See Ad, Page 169) 

Circle Weld Co. Inc., 11310 Sherman Way, 
Sun Valley, Calif. 

Clevite Corp., Cleveland Graphite Bronze 
Div., 17000 St. Clair Ave., Cleveland 
10, Ohio 

Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, fh. 

(See Ad, Page 165) 

Donley Products Inc., 11107 Avon Ave., 

Cleveland, Ohio 


Flexonics Corp., 1315 S. Third Ave., May- 
wood, Il. 


Gits Bros. Mfg. Co., 1866 S. Kolbourn 
Ave., Chicago 23, Iil. 


Hydrodyne Corp., Skinner Seal Div., 7350 
am Ws «ee Ave., North Holly- 


Co. Inc., 200 Scott Ave., Box 298, 
altimore 30, Md. 


Magnetic Seal Corp., 301 Sowams Rd., 
Barrington, R. L 
(See Ad, Page 167) 


Mechanical Rubber Products Co., War- 
wick, N. Y. 

Metal Bellows Corp. 27 Mica Lane, 
Wellesley Hills 81, Mass. 


(See Ad, Page 161) 
Robertshaw-Fulton Controls Co., a 
port Thermostat Div., 115 Hill St. 
Milford, Conn. 


Robertshaw-Fulton Controls Co., Fulton 
Sylphon Div., P. O. Box 400, Knoxville 
1, Tenn. 

Sealol Inc., Warwick Industrial 
Providence 5, R. I 

(See Ad, Page 172) 

Standard-Thomson Corp., Clifford Mfg. 
Div., 152 Grove St., Waltham 54, Mass. 

Stein Seal Co., 20th St. & Indiana Ave., 
Philadelphia 32, Pa. 

Turbocraft Inc., 490 E. Union St., Pasa- 
dena, Calif. 

Universal Products, Brockton, Mass. 


Park, 





For Hyper-Critical Conditions 
— C/R Metal Bellows Seal 


For temperatures from — 400° to 
1000°F., pressures to 500 psi, shaft 
speeds to 80,000 rpm p/us, consider 
the C/R Metal Bellows Seal. Proved 
in use on rocket and missile com- 
pressor power units, turbine starters, 
fuel pumps sealing cryogenic high 
energy fuels, radioactive, etc. Write 
for Bulletin MBS-1, or call your 
nearest C/R salesman. 


in the U. S. 





What’s in a 


tradename? 


A great deal, if it’s the only identification you 
have for the answer to your SEALS, GASKETS 
and PACKINGS problems. 

The Product Directory section of the SEALS 
book, beginning on page 141, carries an appen- 
dix which consists of an alphabetical listing of 
verified seal, packing and gasket manufacturers 
It is cross-indexed, and contains 
an alphabetical listing of tradenames. Remem- 
ber, if you want further information on any 
advertiser’s products shown in the Directory, 
use a READER SERVICE CARD, p. 137. 


|| DESIGN 


A PENTON PUBLICATION CLEVELAND 13, OHIO 


Oil Seal Division: 1221 Elston Avenue, Chicago 22, lil. 
in Canada: Chicago Rawhide Miz. Co. of Canada Lid , Brantford, Ont 
Export Sales. Geon international Corp., Great Neck, New York 
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HARD T0 HANDLE 


chemicals, fuels, 
and solvents 


Special materials 
to tame tough fluids j 


Handling volatile and chemically reactive liquids is a critical 
problem requiring very selective use of materials in the man- 
ufacture of component parts which control, meter, pump or 
contain these liquids. Tough corrosive problems, as well as 
great extremes of temperature must often be overcome. 


Among the many strategic materials, Chicago-Allis designs 
and custom molds into component parts for O.E.M. custom- 
ers, are the fluorocarbons (DuPont’s Viton-A, Dow Corning’s 
LS-53 and 3M’s Flurel) specialty synthetic rubbers, and 
impregnated leathers. Parts made from these materials pro- 
vide the resistance and durability needed for manipulation 
of jet fuels, high octane gas, diesel and heating fuels, com- 
mercial solvents, chemicals and many other fluids used in a 
wide range of industries. 

SOE eS 
Chicago-Allis has the experience to design 
and manufacture mechanical seals, cus- 
tom molded rubber and leather products 
for use in a wide range of service condi- 
tions and environments. Extensive pro- 
duction, experimental and engineering fa- 
cilities are always at your disposal to help 
with your component parts requirements. 
Send for complete catalog information. 


January 19, 1961 
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D—AXIAL (MECHANICAL) SEALS 


VITON-A ON NYLON 
DIAPHRAGM 


VITON-A 
SHAFT SEAL 


LS-53 ON DACRON 
DIAPHRAGM 


SILICONE FACE SEAL 


= TREATED 
LEATHER PACKING 


FLAP VALVE 


VITON-A 
POPPET VALVE 


FLUREL ON DACRON 
DIAPHRAGM 


Producers of CHICAGO BELTING - ALLIS RUBBER - ALLIS SEAL Products 





PRODUCT DIRECTORY 


Can you understand this man’s hunger for Tools? 


Without them he’s useless—a burden to himself and 
the earth. @ With tools in his hands—a spade, a hoe, 
a trowel, a rake—he could raise food enough for his 
own family and perhaps other hungry villagers. = But 
for this man and countless others like him in Greece, 
in India, in Latin America and other desperately 
poor areas —the simplest steel implements are beyond 
reach. They cost too much. So millions of acres are 
barely scratched...with forked sticks or wooden 


ploughs...and two-thirds of the world’s people still 
go to sleep hungry. @ Will you help them till the fer- 
tile earth...through CARE? Wherever possible, 
CARE food distribution is coupled with a tools-for 
training program that enables men and women to 
become self-supporting. The need was never greater, 
the rewards never richer. @ Will you buy an extra 
tool—to put into hands hungry for work, food, and 
dignity? = Send dollars to CARE, New York 16. 





*ARI: 


COOPERATIVE FOR 
AMERICAN RELIEF 
EVERYWHERE INC 
660 FIRST AVE 


NAME 


Here is $ 
books) medicine CARE’s choice E 


(PLEASE MAKE CHECKS PAYABLE TO CARE, INC.) 


for food tools 0 





ADDRESS. 








NEW YORK 16, N.Y 
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Corrosion and Abrasion Resistant Coors Ceramics 
Provide Long, Maintenance-Free Service Life 


Mechanical shaft seal rings of 
Coors Alumina Ceramics give ex- 
tended service life under severe 
operating conditions. 

Under abrasive conditions. seal 
faces maintain their surface finish. 
The extreme hardness and tough- 
ness of Coors Alumina Ceramics 
provide maximum resistance to 
abrasion. 

In corrosive applications, seal 
faces will not pit or corrode, be- 
cause Coors Alumina Ceramics are 
chemically inert to almost all 
fluids. 

Coors Ceramic shaft seal faces 
are lapped flat—and they stay flat. 
The ceramic will not warp or dis- 
tort under mechanical strain or 
heat. 

In production runs, Coors laps 
sea! faces to a flatness of less than 


3 light bands in sizes up to 3” O.D. 
Extremely fine surface finishes can 
be obtained by lapping and sur- 
face polishing. Regular production 
includes sizes up to 15” O.D. 

Seal rings of Coors Alumina 
Ceramics are frequently used in 
abrasive or corrosive applications; 
or applications where maximum 
dependability is required, such as 
aircraft and nuclear environments. 
However, they are also found in 
applications where price is a factor, 
as in tractor water pumps, submer- 
sible water pumps, and household 
appliances, including dish washers. 
disposers and washing machines. 

Mechanical shaft seal units 
with Coors Alumina Ceramic parts 
are available only through seal 
manufacturers. We will be glad to 
furnish you with names of these 


customers. For materials applica- 
tion, we stand ready to work with 
you in utilizing the unique proper- 
ties of Coors Alumina Ceramics— 
prototype or production runs. Con- 
tact the Coors regional sales man- 
ager nearest you, or write for com- 
plete data. 


REGIONAL SALES MANAGERS 


William S. Smith, Jr. 

EM 6-8129—Redwood City, Calif 
eS ane John E. Marozeck 
FR 2-7100—Chicago, II 
Donald Dobbins 

GL 4-9638—Canton, Ohio 
crseeeeseeereeeeeeeed ORM J. McManus 
MA 7-3996—Manhasset, N. Y 
———— Warren G. McDonald 
FR 4-0663—Schenectady, N. Y. 


Kenneth R. Lundy 
DA 7-5716—Dallas, Texas 


West Coast 
Midwest 
Central 
East COGSt LA... 
New England 
Southwest 

..William H. Ramsey 


UN 4-6369—Houston, Texas 
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€CCUs Mumina Ceramics 


MECHANICAL SEAL 
SELECTION CHART 


... to help you solve your sealing problems with Sealol’s new metal 
bellows and standard seals for pumps, turbines, compressors, mixers, 
agitators, gear boxes, etc. 


SEALOL STANDARD — for hi 
performance applications calling 
compact design; jet engines, gear 
boxes, compressors, etc. Balanced 


pressure design; seal is 
stationary, mating ri rotten. taht 


speeds to 100, RPM — t 
ture range —100° to +450° 


pressures to 1, psi. More informa- 


tion? Bulletin 


SEALOL GP — new, 


heavy- 


duty seal for process pumps. 
High temperature and corrosive 
media handled with ease due to 
welded metal bellows, no elas- 


tomers. 


Balanced pressure 


design; seal assembly rotates, 
mating ring is stationary. Shaft 
speeds to 5,000 RPM — tem- 
perature range —425° to 
-+-1,500°F — pressures to 1,000 


SEALOL BELLOWS — for 
extreme temperature installa- 
tions. Welded metal bellows 
seals used extensively in mis- 
siles, rocket motors, cyrogenic 
pumps. Balanced pressure 
design; seal station- 
ary, mati — Shaft 
speeds to 00, RPM — tem- 
perature range —425° to 
-+-1,500°F — pressures to 1,000 
— information? Bulletin 


SEALOL-FLEXIBOX — for 
general industrial use; centrifu- 
gal, positive di 
vacuum pumps, agitators, 
mixers, compressors, etc. Bal- 
anced or unbalanced pressure 
design; seal assembly rotates, 
mating a is stationary. Shaft 
speeds to 5,000 RPM — temper- 
i: range —60° to +450°F 
— pressures to 1,000 psi. More 
information? Bulletin M101 


a More information? Bulletin 
102 


NOTE: Maximum conditions indicated do not necessarily mean that ali are available in a single seal. 
Tra 


TYPICAL SEALOL SEAL APPLICATIONS 


TEMP. 
Fahrenheit RPM 


p.s.i. 


SHAFT DIA. 
inches 


a 


FLUID 
ve ah 


Acid, red fuming nitric . 
Acid, sulphuric . 

Fuel, jet . 

Gas, hot 

Hydrogen, liquid 


1.375 
1.437 
1.375 


2. 
1.75 
2.125 
1.75 
1.375 


2.75 
2.125 


875 


200 
70 
100 
25 
500 


150 
10 
400 
15 
150 


400 

45 
175 
175 
120 


EAL wae Mt i co Re aut 


S EA LO L 


Inc. 
341 POST ROAD, PROVIDENCE 5, R.I. 
Providence — Stuart 1-4700 Chicago — Independence 3-6707 Houston — Greenwood 2-2318 


New York — Yukon 6-0288 Denver — Florida 5-7260 Los Angeles — Chapman 5-3746 
Philadelphia — Lowell 6-3770 Cleveland — Washington 1-7234 San Francisco— Fireside 1-8130 


In Europe: Sealol-Europe s.a.r.!., 79 Boulevard Gallieni, issy-Les Moulineaux, Seine, France 


~ 


160° 
80° 
250° 
400° 
-420° 


—360° 
275° 
600° 
350° 

—320° 


100° 
750° 
280° 
100° 

75° 


Nm 


RE 
S| 88888 





i 
aod 


Nitrogen, liquid 

Oil, petroleum . . 

Oil, synthetic hydraulic 
Oil, synthetic lube 
Oxygen, liquid . 


maw 





28 | 8832 


Petroleum, crude . 
Slurry, hot catalyst 
Water, boiler feed 
Water, radio active 
Water, salt 

7 ae 


AEE 


5 
- 














3 


Circle $-24 on Page 19 Macuine Desicn—Tue Sears Boox 





D—AXIAL (MECHANICAL) SEALS 


Where leak-proof operation is an abso- 
lute must, Garlock PK MECHANIPAK 
Seals are the ideal solution. 


MECHANICAL Easy to install and maintain. The 


SEALS Garlock PK MECHANIPAK is self-con- 
, , tained—no parts to “put together.” 
in Design Rotating Merrie simply slides onto 
Engineering shaft; stationary portion positions 
quickly into counterbore of gland. 
Once the Garlock PK MECHANIPAK is 
installed, further adjustment is un- 
necessary. No parts of the seal move 
on the shaft or sleeve, eliminating 
wear on shaft . . . spring in seal main- 
tains contact between sealing faces. 


For rotating shafts of equipment such as 
centrifugal pumps, automatic washing 
machines, commercial dishwashers, 
gear boxes, and speed reducers, Garlock 
PK MECHANIPAK Seals offer these 
operating characteristics: 


PRESSURES—up to 150 p.s.i. with 
Buna-N or Vitont bellows 


TEMPERATURES—up to 212°F with 
Buna-N bellows; above 212°F with 
fluid at faces and Viton bellows 
SHAFT SPEEDS—up to 2000 f.p.m.; 
higher speeds possible depending on 
other operating conditions 


LiIQUIDS—-water, oils, alcohol, mild 
acids and solvents 
SIZES—for shafts 34” to 3” diameter 


‘ DRIVE— mechanical; install against 


H 
Garlock PK MECHANIPAK* Seal shaftshoulder, sleeve, pump impeller, 
snapring, stop collar orsimilar device. 


A Stationary Seat— D Case or Shell H Gland 
‘speet o— E Bellows 1 Gasket To meet various operating conditions, 
B Vibration Ring J Stop Collar i c = A , 
F Spring PK MECHANIPAK seals are made in 
C Seal Ring—lapped | : : 
face G Washer several different designs. For the com- 
i -_—- - ae —— . plete story, get in touch with the 
Garlock representative in your area. 
Call him at the nearest of the 26 sales 
offices of Garlock throughout the U.S. 
and Canada. Or write for Catalog 
AD-150. Garlock Inc., Palmyra, N. Y. 


GARLOC HK 


Canadian Div.: Garlock of Canada Ltd. 





Plastics Div.: United States Gasket Co. 


Order from the Garlock 2,000 .. . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products. 


*Registered Trademark 
{Du Pont Trademork 
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Diaphragm 
Seals 





IAPHRAGM-TYPE seals are dividing membranes installed between a 
moving and stationary member in such a way that two separated, 
fluid-tight areas are formed. They function in the same manner as a sliding- 
contact packing, except for the absence of leakage, and there are diaphragm 
equivalents for all of the various types of sliding-contact packings. Dia- 
phragms can be classified in three categories: Dished, convolution and flat. 


Dished diaphragms are molded of an 
elastomer-filled fabric in the shape of a 
dish. Dish shape increases the allowable 
stroke, which can be almost twice dish 
height without fabric stretching. Sources 


are 


Acushnet Process Co., 776 Belleville Ave., 
Box 916, New Bedford, Mass. 


(See Ad, Page 177) 


Aero Gasket Corp. 763 Hanover Rd., 
Meriden, Conn 


(See Ad, Page 180) 


Aero-Flex Corp., 7952 Othello St., San 
Diego 11, Calif. 


Airex Rubber Products Corp., P. O. Box 


247, Portland, Conn 


American Casting & Mfg. Corp., Main & 
Water, Brooklyn 1, N. Y 


Ames Supply Co., Subsidiary of American 
Rubber Corp., 10 Ames Blvd., Ham- 
burg, N. J. 


Anchor Packing Co. 401 N. Broad St. 
Philadelphia 8, Pa. 


Apex Molded Products Co., 3576 Ruth, 


Philadelphia, Pa. 


Atlantic India Rubber Works Inc., 571 
West Polk St., Chicago 7, Ill. 


174 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. 


Bacon Industries Inc., 192 Pleasant St., 
Watertown 72, Mass. 


Cartriseal Corp., 3515 W. Touhy Ave., 
Lincolnwood, III. 


The Chardon Rubber Co., Subsidiary of 
Ball Bros. Co. Inc., Sixth & Washington 
Aves., Chardon, Ohio 


Chicago Rawhide Mfg. Co., 1301 Elston 
Ave., Chicago 22, Ill. 


(See Ad, Page 180) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 


The Connecticut Hard Rubber Co., 407 
East St., New Haven 9, Conn. 


Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. 


Disogrin Industries Inc., 510 S. Fulton 
Ave., Mount Vernon, N. Y. 


John L. Dore Co., P. O. Box 7772, Hous- 


ton 7, Tex. 


E. L. du Pont de Nemours & Co. Inc., 
Coated Fabrics Div., Fairfield, Conn. 


The Duriron Co., Modern Industrial Plas- 
tics Div., 3337 N. Dixie Drive, Dayton, 
Ohio 


Enflo + = Fellowship Rd. & Route 73, 
Maple Shade, N. J. 


ineered Rubber Products Co. 1750 
pley Rd., Akron, Ohio 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. 


Garlock Packing Co., 402 Main St., Pal- 


myra, 


B. F. Goodrich Industrial Products Co., 
A Div. of The B. F. Goodrich Co., 500 
S. Main St., Akron 18, Ohio 


Gordon Rubber & Packing Co., P. O. 
Box 431, Derby, Conn. 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. 


Hadbar Inc., 9530 Gidley St., Temple City, 


Calif. 


Halogen Insulator & Seal ., 9960 Pa- 


cific Ave., Franklin Park, Ill. 


Haveg Industries, Taunton Div., 336 Weir 
St., Taunton, Mass. 


Hewitt-Robins Inc., 240 Kensington, Buf- 
falo, = 


E. F. Houghton Co., 303 W. Lehigh Ave., 
Philadelphia 33, Pa. 


Huntington Rubber Mills, 7100 S. W., 
MacAdams, Portland, Ore. 


International Packing Corp., Lake St., 
Bristol, N. H. 


(See Ad, Page 178) 


Joclin Mfg. Co., 30 Lufbery Ave., Wall- 
ingford, Conn. 


N. L. Kuehn Co., 3747 N. Booth St., Mil- 
waukee 12, Wis. 


Linear Inc., State Rd. & Levick St., Phil- 
adelphia 35, Pa. 


Mechanical Rubber Products Co., War- 
wick, N. Y. 


Mechmetal-Tronics _ Inc.. 
Place, Culver City, Calif. 


Minnesota Rubber Co., 3630 Wooddale 
Ave., Minneapolis 16, Minn. 


Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. 


Pacific Moulded Products, 905 E. 59th St., 
Los Angeles, Calif. (a, g, h) 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


11431 Joanne 


Page Belting Co., Eastman St., Concord, 
_H. 
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Periflex Inc., 111 E. Ten Mile Rd., Hazel 
Park, Mich. 


Plastic & Rubber Products Co., 2100 
Hyde Park Blvd., Los Angeles 47, Calif. 


Ponn Machine Cutting Co. 51 Kelvin, 
Everett, Mass. 


Reeves Bros. Inc., 1071 1 of the Ameri- 
cas, New York 18, N. 


Reid Enterprises, 2610 E. 67th, Long 
Beach 5, Calif. 


Roberts Toledo Rubber Co., 4143 Monroe 
St., Toledo 13, Ohio 


Rubber Right Products, 5049 W. Lake, 
Chicago, Il. 


The Rubber a. Royal Rubber Co. 
Div., Dept. 5804, South Bend, Ind. 


Rubber & Silicone Products, 13 Montesano 
Rd., Caldwell, N. J. 


Rubbercraft Corp. of Calif., 
220th St., Torrance, Calif. 


The Staver Co. Inc., 41 ja Saxon Ave., 
Bay Shore, L. L, N . 


1800 W. 


Sterling Asbestos & Rubber Co., 134 W. 


52nd, New York 19, N. Y 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. 


Stillman Rubber Co., 5813 Mariyln Ave., 
Culver City, Calif. 


Tri-Point Plastics Inc., 175 IL U. Willets 


Rd., Albertson, N. Y. 


Universal Packing & Gasket Co. Inc., 5200 
Clinton Drive, Houston, Tex. 


Vapor Heating Corp., Roth Rubber Co. 
Div., 1860 S. 54th St., Cicero 50, Ill. 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 


The James Walker Packing Co. Inc., 
P. O. Box 75, Chicago Heights, III. 


West American Rubber Co., 400 N. Ave. 
19, Los Angeles 31, Calif. 


Westinghouse Air Brake Co., Industrial 
nose Div., P. O. Box 36, Wilmerd- 
ing, Pa. 


Yale Rubber Mfg. Co., Henderson St., 
Sandusky, Mich. 


Convolution 


Convoluted diaphragms have one or 
more concentric convolutions which are 
either molded-in or hand-formed during 
assembly. Convolutions increase the 
working stroke of a diaphragm, and allow 
the diaphragm to operate with fabric 
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flexing and not fabric elongation. Sources 
are: 


Acushnet Process Co., 776 Belleville Ave., 
Box 916, New Bedford, Mass. 
(See Ad, Page 177) 


Aero Gasket Corp., 763 Hanover Rd., 
Meriden, Conn. 
(See Ad, Page 180) 


Aero-Flex Corp., 7952 Othello St. San 
Diego !1, Calif. 


Airex Rubber Products Corp., P. O. Box 
247, Portland, Conn. 


Ames Supply Co., Subsidiary of American 
Rubber Corp., 10 Ames Bivd., Hamburg, 


N. J. 


Apex Molded Products Co., 3576 Ruth, 
Philadelphia, Pa. 


Atlantic India Rubber Works Inc., 571 
West Polk St., Chicago 7, III. 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. 


Bacon Industries Inc., 192 Pleasant St., 


Watertown 72, Mass. 


Bellofram Corp., 101 Blanchard Rd., Burl- 
ington, Mass. 
(See Ad, Page 179) 


The Chardon Rubber Co., Subsidiary of 
Ball Bros. Co. Inc., Sixth & Washing- 
ton Aves., Chardon, Ohio 


Chicago Rawhide e ea ., 1301 Elston 
Ave., Chicago 2 Il 
(See Ad, Page 180) 
Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 


The Connecticut Hard Rubber Co., 407 
East St., New Haven 9, Conn. 


Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. 


Disogrin Industries Inc. 510 S. Fulton 
Ave., Mount Vernon, _f 


Donley Products Inc., 11107 Avon Ave., 
Cleveland, Ohio 


John L. Dore Co., P. O. Box 7772, Hous- 


ton 7, Tex. 


E. I. du Pont de Nemours & Co. Inc., 
Coated Fabrics Div., Fairfield, Conn. 


Enflo > ere Rd. & Route 73, 
Re Shi N. J. 
ineered aiatee Products Co., 1750 
pley Rd., Akron, Ohio 


Felt Products Mig. Co., 7450 N. Mc- 
Cormick Blvd hicago 80, Ill. 

B. F. Goodrich Industrial Products Co., 
A Div. of The B. F. Goodrich Co., 
500 S. Main St., Akron 18, Ohio 


Gordon Rubber & Packing Co., P. O. Box 
431, Derby, Conn. 


Goshen Rubber Co. Inc., 
Tenth, Goshen, Ind. 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 


1525 South 


9960 Pa- 


Halogen Insulator & Seal Corp., 
cific Ave., Franklin Park, Ill. 


Haveg Industries, Taunton Div., 336 Weir 
St., Taunton, Mass. 


Hewitt-Robins Inc., 240 Kensington, Buf- 
falo, N. Y. 


E. F. Houghton Co., 303 W. Lehigh Ave., 
Philadelphia 33, Pa 

Huntington Rubber Mills, 7100 S. W. 
MacAdam, Portland, Ore. 


International Packing Corp., Lake St., 
Bristol, N. H. 
(See Ad, Page 178) 


Joclin Mfg. Co., 30 Lufbery Ave., Wall- 
ingford, Conn. 


N. L. Kuehn Co., 3747 N. Booth St, 
Milwaukee 12, Wis. 

Linear Inc., State Rd. & Levick St., Phila- 
delphia 35, Pa. 


Mansfield & Green Inc., 
Cleveland, Ohio 


Mechanical Rubber Products Co., War- 


wick, 


1050 Power Ave., 


Mechmeial-Tronics Inc., 11431 Joanne 


Place, Culver City, Calif. 

Minnesota Rubber Co., 3630 Wooddale 
Ave., Minneapolis 16, Minn. 

Minor Rubber Co. Inc., Foot of Ackerman 
St., Bloomfield, N. J. 

Nichols Engineering Inc., 1000 Old Strat- 
ford Rd., Shelton, Conn. 

Paul-Martin Rubber Corp., Dwight & 
Front Sts., Holyoke, Mass. 

Periflex Inc., 111 E. Ten Mile Rd., Hazel 
Park, Mich. 


Plastic & Rubber Products Co., 2100 Hyde 
Park Blvd., Los Angeles 47, Calif. 


Reeves Bros. Inc., 1071 Ave. of the Ameri- 
cas, New York 18, N. Y. 


Reid Enterprises, 2610 E. 67th, Long 
Beach 5, Calif. 


Roberts Toledo Rubber Co., 4143 Monroe 
St., Toledo 13, Ohio 


Rubber Right Products, 5049 W. Lake, 
Chicago, Ill. 


Rubber & Silicone Products, 13 Montesano 
Rd., Caldwell, N. J. 


Rubbercraft Corp. of Calif., 1800 W. 220th 
St., Torrance, Calif. 


The Staver Co. Inc., 41 ~ Saxon Ave., 
Bay Shore, L. L, N. Y. 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. 


Stillman Rubber Co., 5813 Marilyn Ave., 
Culver City, Calif. 
Tri-Point Plastics Inc., 175 L U. Willets 

Rd., Albertson, N. Y. 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. 


Corp., Roth Rubber Co. 


Vai Heatin 
. 54th St., Cicero 50, Ill. 


iv., 1860 
175 
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<< ONLY THE | = 
| PRESSURE | 
| GETS THRU | 


Brookseals keep out clogging 
dirt and corrosive vapors. 
A live diaphragm and an inert 
liquid fill do the job. Isolate the 
instrument, transmit the pressure. 

Not a gasket anywhere. No 
O-rings, either. Instead: precisely 
honed metal-to-metal sealing 
surfaces. 

Brookseals come in many dif- 
ferent types, sizes and material 
specifications. There are models 
for pipe, flange and saddle mount- 
ing. Some are self-cleaning; others 
have integral flushing connections. 
Many are made to withstand over- 
ranges to 2500 psig. 

You can take them apart and 





put them together again in min- 

utes—with just one ordinary 

wrench, 
Bulletin 250 will give you 


more details. 








BROOKS | 


INSTRUMENT COMPANY, INC. 
6301 W. VINE STREET 
HATFIELD PENNSYLVANIA 








642180 
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Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 


Victor Mfg. & Gasket Co., 5750 Roosevelt 
Rd., Chicago 90, Ill. 


West American Rubber Co., 400 N. Ave. 
19, Los Angeles 31, Calif. 


Westinghouse Air Brake Co., Industrial 
Products Div., P. O. Box 36, Wilmer- 
ding, Pa. 


Yale Rubber Mfg. Co., Henderson St., San- 
dusky, Mich. 


Flat diaphragms are flat circles, usually 
made of a flexible, stretchable material, 
such as a fabric impregnated with an 
elastomer. Flat diaphragms have limited 
stroke capabilities, compared with dished 
or convoluted type, and are generally 
used for light duty. Sources are: 


A Punch Products Mf 
mer Ave., Chicago, Iil. 


Accurate Felt & Gasket Mig. Co., 
S. California Ave., Chicago 12, Ill. 


Co., 516 S. Kol- 


1016 


Acushnet Process Co., 776 Belleville Ave., 
Box 916, New Bedford, Mass. 


(See Ad, Page 177) 
Aero Gasket Corp., 763 Hanover Rd., Meri- 


den, Conn. 
(See Ad, Page 180) 


Airex Rubber Products Corp., P. O. Box 
247, Portland, Conn. 


The Alan Packing & Rubber Co., 
Parsons Court, Cleveland 16, Ohio 


1295 


The Allpax Co. > 
Mamaroneck, 


American Biltrite Rubber Co., Boston 
Woven Hose & Rubber Div., P. O. 
Box 1071, Boston 3, Mass. 


160 Jefferson Ave., 


American Casting & Mfg. Corp., Main & 
Water, Brooklyn 1, N. Y. 


American Felt Co., Glenville, Conn. 


Ames Supply Co., Subsidiary of American 
Rubber Corp., 10 Ames Blvd., Ham- 
burg, N. J. 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. 


Apex Molded Products Co., 3576 Ruth, 
Philadelphia, Pa. 


Associated Industries, 1752 Rainier Ave., 
Seattle, W 


Atlantic India Rubber Works Inc., 571 
West Polk St., Chicago 7, Ill. 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. 


K. Wm. Beach Mfg. Co., — Bidg.. 
2727 Columbus, Springfield, O' ‘ 


Becker Bros. Carbon Co., 3450 S. Lara- 
mie, Cicero 50, Ill. 


Bellofram Corp., 101 Blanchard Rd., Bur- 
lington, Mass. 
(See Ad, Page 179) 


Best Gasket Co., 110 E. 15th St. Los 
Angeles, Calif. 


A. B. Boyd Co., 1235 Howard St. San 
Francisco 3, Calif. 


Brooks Instrument Co., 407 W. Vine St. 
Hatfield, Pa. 
(See Ad, Page 176) 
l 3515 W. Touhy Ave., 
tines “hi. 


The Chardon Rubber Co., Subsidiary of 
Ball Bros. Co. Inc., Sixth & Washing- 
ton Aves., Chardon, Ohio 


Chicago Rawhide Mit. Co., 1301 Elston 
Chicago 22, Il 


Ave., 
(See Ad, Page 180) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Il. 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Il 


Commonwealth Felt Co., 74 Summer St., 
Boston 9, Mass. 


The Connecticut Hard Rubber Co., 407 
East St., New Haven 9, Conn. 


Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. 


Cooper Mfg. Co., 411 S. First Ave., Mar- 
shalltown, Iowa 


Disogrin Industries Inc., 510 S. Fulton 


Ave., Mount Vernon, N. . 3 


John L. Dore Co., P. O. Box 7772, Hous- 
ton 7, Tex. 


E. L duPont de Nemours & Co. Inc., 
Coated Fabrics Div., Fairfield, Conn. 


The Duriron Co., Modern Industrial Plas- 
- Div., 3337 N. Dixie Drive, Dayton, 
io 


Duroyd Gasket Mfg. Co., 1830 Amsterdam 
Ave., New York, N. Y. 


Enflo 


ower Rd. & Route 73, 
Maple S ade, N ie 


Excelsior Leather Washer Mfg. Co., 720 
Chestnut St., Rockford, Il. 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago Bo, Ill. 


Felters Co., 210 South St., Boston II, 
Mass. 


Garlock Ly Co., 402 Main St., Pal- 


myra, N 


General Asbestos Gasket 


Mfg. Corp., 1721 
So. Seventh Ave., St. Louis, Mo. 


B. yy 
¢ Main St., Akron 18, Ohio 
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Goodyear Tire & Rubber Co., 1144 E. 
Market St., Akron 16, Ohio 


Graton & Knight Co., 356 Franklin St., 
Worcester 4, Mass. 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 


Halogen Insulator & Seal oe 9960 Pa- 
cific Ave., Franklin Park, Ill. 


Haveg Industries, Taunton Div., 336 Weir 
St., Taunton, Mass. 


Hawthorne Rubber Mfg. Corp., 33 Fourth 
Ave., Hawthorne, N. J. 


Hecht Rubber Co. Inc., 482-484 Riverside 
Ave., Jacksonville 2, Fla. 


Hewitt-Robins Inc., 240 Kensington, Buf- 
falo, N. Y 


E. F. Houghton Co., 303 W. Lehigh Ave., 
Philadelphia 33, Pa. 


Huntington Rubber Mills, 7100 S. W. 
MacAdam, Portland, Ore. 


Hydraulic Packings Co., 2114 Fourth Ave. 
S., Minneapolis 4, Minn. 


Industrial Rubber Works Inc., 312 W. 
Chestnut St., Chicago 10, Ill. 
International Packing Corp., Lake 


Bristol, N. H. 
(See Ad, Page 178) 


Iten Fibre Co., 5400 Bower Ave., Ashta- 
bula, Ohio 


Joclin Mfg. Co., 30 Lufbery Ave. Wall- 
ingford, Conn. 


N. L. Kuehn Co. 3747 N. Booth St., 
Milwaukee 12, Wis. 


Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio 


Markel Rubber Products Co. Inc., 518 
Jackson Ave., New York, N. Y. 


Mechanical Rubber Products Co., War- 


wick, N. Y 


Mechmetal-Tronics Inc., 11431 Joanne 


Place, Culver City, Calif. 


Miller Gasket Mfg. Co. Inc., 2113 E. Flor- 
ence Ave., Huntingdon Park, Calif. 


Minnesota Rubber Co., 3630 Wooddale 
Ave., Minneapolis 16, Minn. 


Minor Rubber Co. Inc., Foot of Ackerman 
St., Bloomfield, N. J. 


Irving B. Moore Corp., 65 High, Boston, 
Mass. 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


Page Belting Co., Eastman St., Concord, 
\ 


B. G. Peck Co., Lawrence, Mass. 


January 19, 1961 


| 


DIAPHRAGMS 


Acushnet offers specialized engineering service in 
the design, development and production of all types 
of molded rubber diaphragms, with or without fabric 
inserts, from the size of a dime up to three feet in 


diameter all to customer specifications. 


Special stocks are expertly compounded with prop- 
erties to withstand various fluids, gases and flexing over 
a wide range of temperatures. 


Diaphragms with metal flanges or inserts are 
bonded with the latest metal preparation and adhesive 
techniques to assure superior performance and long 
service life. 


We will gladly study your requirements and make 
recommendations for the most efficient and economical 
application. Send complete specifications, with sketch 


or sample, and details of end use. 


Precision-Molded Rubber Products 


ACUSHNET PROCESS COMPANY 


B 


Circle $-27 on Page 19 


FOR ALL INDUSTRIAL APPLICATIONS 


Address all communications to 762 Belleville Ave., New Bedford, Mass. 
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DIAPHRAGM 
SEALS 


IPC’s precision molded, 
custom developed diaphragms 
answer a variety of needs in 
the automotive, appliance and 
many other industries. IPC dia- 
phragms are made to exacting 
specifications . . . incorporate 
the best physical properties. 
We would welcome an oppor- 
tunity to work with you on 
your sealing problems. 


© 


INTERNATIONAL 
PACKINGS <0%ro8xsow 


Bristol, New Hampshire 
Circle $-28 on Page 19 





Penn Fibre & Specialty Co., 2024 E. 
Westmoreland St., Philadelphia 34, Pa. 


Plastic & Rubber Products Co., 2100 Hyde 
Park Blvd., Los Angeles 47, Calif. 


Ponn Machine Cutting Co., 51 Kelvin, 
Everett, Mass. 


Prince Rubber & Plastics Co. Inc., Sta- 
tion B, Buffalo, N. Y. 


Reeves Bros. Inc., 1071 Ave. of the Ameri- 
cas, New York 18, N. Y. 


— Inc., 3425 Cleveland St., Skokie, 


Roberts Toledo Rubber Co., 4143 Monroe 
St.. Toledo 13, Ohio 


Rubber Right Products, 5049 W. Lake, 
Chicago, III. 


The Rubber Shop Inc., Royal Rubber Co. 
Div., Dept. 5804, South Bend, Ind. 


Rubber & Silicone Products, 13 Montesano 
Rd., Caldwell, N. J. 


Rubbercraft Corp. of Calif., 1800 W. 220th 


St., Torrance, Calif. 


~~ Co., 493 Whitehead Rd., Tren- 


ton, 


Russell Gasket Co., 7424 Bessemer Ave., 
Cleveland 27, Ohio (=, ‘) 


The Ryan & Hart Co., 414 Ashe St., John- 


son City, Tenn. 


Staff Die Cutting Co., 42 West 22nd St., 
New York, N. Y. 


The Staver Co. Inc., 41 North Saxon Ave., 
Bay Shore, L. L, N. Y. 


Sterling Asbestos & Rubber Co., 134 W. 
52nd, New York 19, N. Y. 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. 


Stillman Rubber Co., 5813 Marilyn Ave., 
Culver City, Calif. 


Tri-Point Plastics Inc., 175 L U. Willets 
Rd., Albertson, N. Y. 


Universal Packing & Gasket Co. Inc., 


5200 Clinton Drive, Houston, Tex. 
Universal Products, Brockton, Mass. 


Vapor Heating Corp., Roth Rubber Co. 
Div., 1860 S. 54th St., Cicero 50, Il. 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 


Victor Mfg. & Gasket Co., 5750 Roose- 
velt Rd., Chicago 90, Ill. 


West American Rubber Co., 400 N. Ave. 
19, Los Angeles 31, Calif. 


Westinghouse Air Brake Co., Industrial 
Products Div., P. O. Box 36, Wilmerd- 
ing, Pa. 


The W-G Gasket Co., 3218 No. 
St., Brookfield, Wis. 


a Gasket & Mfg. Co., Granville, 
1S. 


Yale Rubber Mfg. Co., Henderson St., 
Sandusky, Mich. 
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SEALS 
BOOK 


for: 
Design Engineers 
from: 


ERE 


handbooks to be 
brought out in 1961 by Macnine 
Desicn, THE SEALS BOOK will 
present basic design facts about 
seals, packing and gaskets to aid in 
proper selection and application. It 
is planned to provide design engi- 
neers with a single source of authori- 
tative and useful information which 
is needed almost daily to help solve 
sealing problems. 

THE SEALS BOOK provides an- 
swers to 4 basic questions: (1) 
Which seal should used for a 
given purpose? (2) What factors 
should be considered in applying 
for it? (3) Where can it pur- 
chased? (4) What additional infor- 
mation is needed for specification? 

In the Design Data Section there 
are chapters on the most common 
sealing devices, and applications for 
which each seal is best suited, and 
factors which affect its proper ap- 
plication. 

Then there is a Product Directory, 
in 8 sections, cross-indexed. Edi- 
torial and advertising material con- 
tains descriptive information on 
seals, and notes on where they can 
be obtained. 

Finally, there are alphabetical 
lists of seals manufacturers and 
tradenames, and a complete Glossary 
of Terms. Every reader on MacHINE 
Desicn’s circulation list will receive 
his personal copy of the handbook. 
Additional copies will be available 
at a nominal price per copy. 


ERE 


A PENTON PUBLICATION 
CLEVELAND 13, OHIO 


First of four 
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HOW TO IMPROVE 
diaphragm reliability 


e Guaranteed to outlast diaphragms of conventional construction. 


@ Standard sizes available from 1 to 6’ cylinder bore and from 
.001" to 10" stroke 


e No tooling charges for standard sizes (500) 


Bellofram diaphragms are superior because they are made with selected 
fibers of special construction from Dacron, Nylon, Teflon and Fiberglas. 
These can be bonded to a wide choice of elastomers, such as nitrile, 
polyurathane, silicones, Vitons and Fluorel. It is the combination of the 
fiber, fiber construction and elastomer which gives diaphragms by 
Bellofram Corporation their unusual performance and reliability. 
Improve your product with Bellofram diaphragms. Let us quote you on 
your present diaphragm requirements. 


f z f f ] i ge ; 
& D |= = : a Gentlemen: 
= \ r ¢ 1 im. aes oe gees | 4 Please RUSH my copy of your 28- page Design 
_ | 


re 


\ L 


DESIGN MANUAL 


Leinall a . Manual No. BF -400-A without obligation. | 
Contains all engineering data needed 
to design your product with diaphagms. : St 

71 sectional drawings, Nomograph for Rolling u ; ey — | 
stroke and height calculations, for- Diaphrag msi 
mulas for installation dimensions, o | 


ordering instructions. : 4 e i k of ram Corporation 


Send coupon now. || Dept. 1, 81 Blanchard Road, Burlington, Massachusetts 
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PRODUCT DIRECTORY 


To handle basic or advanced fuels, lubes, gases 
in normal or extreme applications 


Whether simple or critical toler- 
ances, exact concentricities, or flaw- 
less bonding are needed, C/R elas- 
tome, engineers can deliver the 
high dependability diaphragms you 
require. They are experts in com- 
pounding and molding special 
materials such as Viton-A*, Silastic 


They have an unusual level of expe- 
rience in producing diaphragms for 
critical applications with high or 
low temperatures involving difficult 
mediums to be sealed. This experi- 
ence and our unique facilities are 
at your service. Write for Bulletin 
SD-100 or call your nearest C/R 


LS-53, Teflon’, as well as buty! and salesman. 
the common synthetic rubbers. *DuPont Reg. T.M. 


Sirvene Division: 1222 Elston Avenue «+ Chicago 22, lil. 
tn Canada: Chicago Rawhide Mig. Co. of Canada, Lid., Brantiord, Ont. 


Export Sales: Geon international Corp.. Great Neck, New York 
Circle $-29 on Page 19 


WHAT IS A NEWT? 
grist 
ee 

? - 


No, it is not necessarily a small salamander of 
semiaquatic habits). A NEWT is sometimes 
defined as a standard of kinematic viscosity in 
the English system. It is expressed in square 
inches per second, and the word may be found 
in the GLOSSARY OF TERMS at the back of 
MACHINE DESIGN’s great new handbook of 
SEALS. This valuable book on SEALS, PACK- 
INGS & GASKETS contains basic design data, 
a cross-indexed Product Directory, and a list of 
tradenames and manufacturers. 


Every reader on MACHINE DESIGN’s cir- 
culation list will receive his personal copy 
of the SEALS HANDBOOK. Additional 
copies will be available at a | cost 
per copy. 





A PENTON PUBLICATION 


CLEVELAND 13, OHIO 











Engineer: 
we knock the “L” 


out of PROBLEMS 


involving hydraulic or 
pneumatic systems 


“Imaginative know-how!” That quality has made the 
name AERO GASKET synonymous with “success"in 
solving tough applications requiring diaphragms, or 
units employing diaphragms as the metering and/or 
sealing members. Aero Gasket has successfully de- 
signed diaphragms for pressures of fractions of inches 
of water to 3000 psi . . . for operation at temperatures 
from —65° to 600°F . . . and for any fluid media. 
Whatever your problem, if the need is diaphragms, ac- 
tuators, accumulators, metering or pressure sensing de- 
vices, you can look with confidence to Aero Gasket for 
the solution. Aero Gasket also designs and manufactures 
seals, gaskets, and precision parts of metal and/or 
moided materials. SEND PRINTS AND DETAILS FOR 
PROMPT QUOTATIONS. 


MAIL COUPON FOR DATA SHEETS 


THE AERO GASKET CORPORATION 
31 Hanover Street, Meriden, Conn. 


C] Please send me the Data Sheets describing Aero 
Gasket's diaphragms and diaphragm assemblies 

| am also interested in: 
C) Seals and gaskets 

C) Precision metal parts 
name 
company 
co. address 


C) Precision molded parts 











zone state 





S\ AERO Gasket 


g/ CORPORATION 
Meriden, Connecticut 


DIAPHRAGMS « ACTUATORS « ACCUMULATORS 
METALLIC & NONMETALLIC GASKETS 
CLAMPS OF ALL TYPES AND DESCRIPTIONS 
MOLDED RUBBER PARTS « METAL 
STAMPINGS ¢ METAL-TO-RUBBER 
BONDING 


Circle $-30 on Page 19 





Packings 





P ACKINGS are best suited to high-pressure applications involving recipro- 
cating and rotating motion. Classification of packings may be divided in- 


to two categories: Simple compression and molded types. 


Compression pack- 


ings create a seal by being squeezed between the throat of the box and the 
gland. They require frequent gland adjustment to compensate for wear 


and loss of volume. 


require any gland adjustment after installation. 


As a general group, molded packings usually do not 


The fluid being sealed 


supplies the pressure needed to produce the force for seating the packings 


against the wearing surface. 


Molded Packings 


Molded packings are often called auto- 
matic, hydraulic, or mechanical packings. 
This general classification of packings can 
be subdivided into two categories: Lip 
and squeeze types. The lip-type includes 
the flange, cup, U-cup, U-ring, and V-ring 
packings. The squeeze type includes the 
O-ring and other similar forms which 
rely on the interference built into the 
ring for effective sealing. In this section, 
molded packings have been categorized 
according to the various packing types 
available, such as U-cup, V-ring, flange, 
etc. Manufacturers of each particular 
type are listed in the respective categories. 


In general, the term U-cup implies a 
homogeneous rubber packing similar in 
construction to the U-ring packings. How- 
ever, common industry nomenclature re- 
fers to the leather packing with a U- 
shaped cross section as a U-ring. Sources 
are: 
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Aero Gasket Corp., 763 Hanover Rd., 
Meriden, Conn. 


Ames Supply Co., Subsidiary of American 
NT Corp., 10 Ames Blvd., Hamburg, 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. 


Apex Molded Products Co., 3576 Ruth, 
Philadelphia, Pa. 
(See Ad, Page 202) 
Arcy Mfg. Co. ~~ 120 Beekman St., New 
York 38, N. 


Atlantic India Rubber Works Inc., 571 
West Polk St., Chicago 7, Ill. 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. 


Balsells Engineeri 99254 S. Green- 
leaf Ave., Sant me Springs, Ealif. 


The Belko Corp., Railroad & Union Ave., 
Kingsville, Md 

Bonner & Barnewall Inc., 150 Bleecker 
St., New York 12, N. Y. 


A. E. Leather Co., Brigham Hill 
Rd., Grafton, Mass. 


Chicago Rawhide Mfg. Co 
Ave., Chicago 22, Ill. 


(See Ad, Page 204) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 


., 1301 Elston 


Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. 


Crane Packing Co., 6400 Oakton St., Mor- 


ton Grove, 


(See Ad, Page 193) 


Disogrin Industries Inc., 510 S. Fulton 
Ave., Mount Vernon, N. Y. 


E. L duPont de Nemours & Co. Inc., 
Coated Fabrics Div., Paiticld, Conn. 


Emerson ~~ Loon .» 1383 Seabury Ave., 
Bronx 61, 


Enflo Co 
Maple tf 


Engineered Rubber Products Co., 1750 
pley Rd., Akron, Ohio 


Excel Rubber Co., 1956 Chicago Ave., 
Goshen, Ind. 


Firestone Rubber & Latex Products Co., 
Div. Firestone Tire & Rubber Co., 
Fall River, Mass. 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 
(See Ad, Page 199) 


as nd Rd. & Route 73, 
ade, N. J. 


Garrett Flexible Products Inc., 1101 South 


Peters, Garrett, Ind. 


Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. 


B. F. Goodich Industrial Products Co., 
A Div. of The B. F. Goodrich Co., 
500 S. Main St., Akron 18, Ohio 


Goodyear Tire & Rubber Co., 1144 E. 
Market St., Akron 16, Ohio 


Goshen Rubber Co. Inc., 
Tenth, Goshen, Ind. 


(See Ad, Page 204) 


1525 South 


Graton & Knight Co., 356 Franklin St., 


Worcester 4, Mass. 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. 
(See Ad, Page 188) 


Hadbar Inc., 9530 Gidley St., Temple City, 


Calif. 


Halogen Insulator & Seal Co 
cific Ave., Franklin Park, Ill. 


Hawthorne Rubber Mfg. Corp., 33 Fourth 
Ave., Hawthorne, N. J. 


., 9960 Pa- 


Hercules Packing Corp., 327 Washington 
St., Buffalo 3, N.Y. 


E. F. Houghton Co., 303 W. Lehigh 
Ave., Philadelphia 33, Pa. 


(See Ad, Page 201) 


Huntington Rubber Mills, 7100 S. W. 
MacAdam, Portland, Ore. 


Hydraulic Packings Co., 2114 Fourth Ave. 
S., Minneapolis 4, Minn 


International Packing Corp., Lake St., 
Bristol, N. H. 


(See Ad, Page 186) 


Joclin Mfg. Co., 30 Lufbery Ave. Wall- 
ingford, Conn. 
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Johns-Manville, 22 East 40th St., New 
York 16, N. Y. 


Krug Co., | Barnum Ct., Danbury, Conn. 


N. L. Kuehn Co., 3747 N. Booth St. 


Milwaukee 12, Wis. 
Linear Inc., State Rd. & Levick St., Phila- 
del phia 45, Pa. 


Lubrikup Co. Inc. 208 Rose, Williams- 
port, ra. 

Charles W. Marsh Co., Michigan & Hud- 
son, Muskegon, Mich. 


Mechanical Rubber Products Co. War- 
ie 


wick, 


Minor Rubber Co. Inc., Foot of Ackerman 
St., Bloomfield, N. J 


Pacific Moulded Products, 905 E. 59th St., 
Los Angeles, Calif. 

Paragon Rubber Corp., 200 Pleasant, East- 
hampton, Mass. 


Periflex Inc., 111 E. T 
Park, Mich 


Plastic & Rubber Products Co., 2100 Hyde 
Park Blvd., Los Angeles 47, Calif. 


en Mile Rd., Hazel 


Precision Associates Inc., 742 Washington 
Ave. N., Minneapolis, Minn. 


os Manhattan Inc., Packing Div., 


Passaic, N. J 


(See Ad, Page 203) 
Rubber Right Products, 5049 W. Lake, 
Chicago, Ill 


Rubber & Silicone Products, 13 Montesano 
Rd., Caldwell, N. J. 


Rubbercraft Corp. of Calif. 1800 W 
220th St., Torrance, Calif. 


Sparta Mfg. Co., R. D. 2, Dover, Ohio 
(See Ad, Page 195) 


Stemco Mig. Co., P. O. Box 1628, Long 
view, Tex 


Sterling Asbestos & Rubber Co., 
52nd, New York 19, N. Y 


134 W. 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex 


Albert Trostel Packings Ltd., Marshall & 
Madison Sts., Geneva, Wis 


Universal Packing & Gasket Co. Inc., 5200 
Clinton Drive, Houston, Tex. 


Vapor Heating Corp., Roth Rubber Co. 
Div., 1869 S. 54th St., Cicero 50, Ill. 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 


The James Walker Packing Co. Inc., 
P. ©. Box'75, Chicago Heights, Ill. 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 

(See Ad, Page 200) 


Cup 


Cups have only a single lip and are 
classified as an unbalanced packing. They 
are generally available in leather, homo- 
geneous and fabricated synthetic rubber, 
but other materials such as Teflon, nylon, 
and various types of plastics are used for 
special applications. Sources are: 


Aero Gasket Corp., 763 Hanover Rd., 
Meriden, Conn. 


Alloy Mfg. Co., 3207 S. Shields Ave., 
Chicago 16, Ill. 


Ames Supply Co., Subsidiary of American 
“— Corp., 10 Ames Blvd., Hamburg, 
» 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. 


Apex Molded Products Co., 3576 Ruth, 
Philadelphia, Pa. 
(See Ad, Page 202) 


Atlantic India Rubber Works Inc., 571 

West Polk St., Chicago 7, Ill. 
Auburn Mfg. Co., Pease Ave. & Stack 
St., Middletown, Conn. 


C. L. & W. W. Auer, Main & Auer Sts., 
Corry, Pa. 


The Belko Corp., Railroad & Union 
Ave., Kingsville, Md. 


Bonner & Barnewall Inc., 150 Bleecker 


St., New York 12, N. Y. 


A. E. Burgess Leather Co., Brigham Hill 
Rd., Grafton, Mass. 


Chicago Rawhide Mfg. Co., 


Ave., Chicago 22, Ill. 


(See Ad, Page 204) 


1301 Elston 


Chicago-Allis Mfg. Co., 
Chicago 7, Ill. 


125 N. Green St., 


ey Rubber Works, 1902 Liberty 


, Erie, Pa. 


Crane Packing Co., 6400 Oakton St., 
Morton Grove, Ill. 


(See Ad, Page 193) 


Darling Valve & Mfg. Co., Foot Walnut 
St., Williamsport 61, Pa. 


(See Ad, Page 196) 


Disogrin Industries Inc., 510 S. Fulton 
Ave., Mount Vernon, N. Y. 
Bristol, 


Dixon Corp., 19-21 Burnside St., 
R. 1. 


(See Ad, Page 184) 


John L. Dore Co. P. O. Box 7772, 
Houston 7, Tex. 


(See Ad, Page 189) 


E. L. duPont de Nemours & Co. Inc., 
Coated Fabrics Div., Fairfield, Conn. 


The Duriron Co., Modern Industrial 
Plastics Div., 3337 N. Dixie Drive, 
Dayton, Ohio 


Emerson Plastics Corp., 1383 Seabury 


Ave., Bronx 61, N. Y. 


Enflo Fellowship Rd. & Route 
73, Maple Shade, N. J. 


ineered Rubber Products Co., 1750 
pley Rd., Akron, Ohio 


Excel Rubber Co., 1956 Chicago Ave., 
Goshen, Ind. 


Excelsior Leather Washer 
Chestnut St., Rockford, Il. 
(See Ad, Page 194) 


Garlock Packi Co., 402 Main St., 
Palmyra, N NY 


(See Ad, Page 199) 


Garrett Flexible Products Inc, 1101 
South Peters, Garrett, Ind. 


Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. 


Goodyear Tire & Rubber Co., 
Market St., Akron 16, Ohio 


Gordon Rubber & Packing Co., P. O. 
Box 431, Derby, Conn. 


Goshen Rubber Co. Inc., 
Tenth, Goshen, Ind. 
(See Ad, Page 204) 


. Co., 720 


1144 E. 


1525 South 


Graton & Knight Co., 356 Franklin St., 
Worcester 4, Mass. 


Greene, Tweed & Co. 322 Elm St. 
North Wales, Pa. 
(See Ad, Page 188) 


Hadbar Inc., 9530 Gidley St., Temple City, 


Calif. 


Halogen Insulator & Seal Corp., 9960 
Pacific Ave., Franklin Park, Ill. 


Hawthorne Rubber e i 33 Fourth 


Ave., Hawthorne, 


Hercules Packi Corp., a Washing- 
ton St., Buffalo 3, N. Y. 


Hewitt-Robins Inc. 240 Kensington, 


Buffalo, N. Y. 
E. F. Houghton Co., 303 W. 
Ave., Philadelphia 33, Pa. 
(See Ad, Page 201) 


Huntington Rubber Mills, 7100 S. W. 
MacAdam, Portland, Ore. 


Hydraulic Packings Co. 2114 Fourth 
Ave. S., Minneapolis 4, Minn. 


International Packing Corp., Lake St., 
Bristol, N. H. 
(See Ad, Page 186) 


Lehigh 


Joclin Mfg. Co., 30 Lufbery Ave., Wall- 


ingford, Conn. 


Johns-Manville, 22 East 40th St., New 
York 16, N. Y. 


Krug Co., 


N. L. Kuehn Co., 3747 N. Booth St., 
Milwaukee 12, Wis. 


Linear Inc., State Rd. & Levick St. 
Philadelphia 35, Pa. 


Lubrikup Co. Inc., 208 Rose, Williams- 
port, Pa. 


1 Barnum Ct., Danbury, Conn. 
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Charles W. Marsh Co., Michigan & 
Hudson, Muskegon, Mich. 


Mechanical Rubber Products Co., War- 
wick, N. Y. 


Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. 


National Gasket & Washer Mfg. Co. 
- 124 East 25th St., New York 10, 
- 2 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


Page Belting Co., Eastman St., 
N. H. 
(See Ad, Page 202) 


Paragon Rubber Corp., 200 Pleasant, 
Easthampton, Mass. 


lll E. Ten Mile Rd., Hazel 


Concord, 


Periflex Inc., 
Park, Mich. 


Philadelphia Belting Co., 
St., Philadelphia, Pa. 


Plastic & Rubber Products Co., 2100 
Hyde Park Blvd., Los Angeles 47, Calif. 


Polymer Corp., 2120 Fairmont Ave., 
Reading, Pa. 
(See Ad, Page 185) 


Wm. Porter Co., 1007 Santa Fe Ave., 
Los Angeles, Calif. 


Precision Associates Inc., 742 Washing- 
ton Ave. N., Minneapolis, Minn. 


Raybestos-Manhattan, Inc. Packing Div., 
Passaic, N. J. 
(See Ad, Page 203) 


Reid Enterprises, 2610 E. 67th, Long 
Beach 5, Calif. 


J. E. Rhoads & Sons, 
St., Wilmington 99, 


Rubber Right Products, 
Chicago, Ill. 

Rubber & Silicone Products, 13 Monte- 
sano Rd., Caldwell, N. J. 


Rubbercraft Corp. of Calif., 
Torrance, Calif. 


524 N. Sixth 


* W. Ilth 


5049 W. Lake, 


1800 W. 


220th =St., 


W. S. Shamban & Co., 11617 W. Jef- 
ferson Blvd., Culver City, Calif. 


Sparta Mfg. Co., R. D. 2, Dover, Ohio 
(See Ad, Page 195) 
Stemco Mfg. Co., P. O. Box 1628, Long- 
view, Tex. 


Sterling Asbestos & Rubber > 
52nd, New York 19, N. 


134 W. 
Sterling Packing & Gasket Co. Inc., 
1708 Nance, Houston, Tex. 


Tri-Point Plastics Inc., 175 I U. Willets 
Rd., Albertson, N. Y. 


Albert Trostel Packings Ltd., Marsha!i 
& Madison Sts. Geneva, Wis. 


Universal Packing & Gasket Co. Inc., 
5200 Clinton ive, Houston, Tex. 


U. S. Ceramic Tile Co., Sparta Mfg. 
Div., Dover, Ohio 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 


The James Walker Packing Co. Inc., 
P. O. Box 75, Chicago Heights, Ill. 
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Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Il. 

(See Ad, Page 200) 


Westinghouse Air Brake Co., Industrial 
Products Div., P. O. Box 36, Wil- 
merding, Pa. 


These packings are the most popular of 
all lip types, and are used for low or high 
pressure applications. Sources are: 


Ace Gasket Co., 1441-43 Webster Ave., 
New York, N. Y. 


Aero Gasket Corp., 763 Hanover Rd., 
Meriden, Conn. 


The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. 
Ames Supply Co., Subsidiary of American 
_ Corp., 10 Ames Blvd., Hamburg, 
% 
Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. 


Apex Molded Products Co., 3576 Ruth, 
Philadelphia, Pa. 
(See Ad, Page 202) 


Arcy Mfg. Co. Inc., 120 Beekman St., 
New York mm me ¥. 


Atlantic India Rubber Works Inc., 571 
West Polk St., Chicago 7, Ill. 


Auburn Mfg. Co., Pease Ave. & Stack 
St., Middletown, Conn. 


Cc. L. & W. W. Auer, Main & Auer 
Sts. Corry, Pa. 


Bacon Industries Inc., 192 Pleasant St., 


Watertown 72, Mass. 


The Belko Corp., Railroad & Union 
Ave., Kingsville, Md. 


Bonner & Barnewall Inc., 150 Bleecker 
St.. New York 12, N. Y. 


A. E. Burgess Leather Co., Brigham Hill 
Rd., Grafton, Mass. 


A. W. Chesterton Co., 6 Ashland St., 
Everett, Mass. 


Chicago Rawhide Mfg. Co., 
Ave., Chicago 22, Il. 
See Ad, Page 204) 


1301 Elston 


Chicago-Allis Mfg. Co., 125 N. Green 
St., Chicago 7, Ill. 


Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. 


Crane Packing Co., 6400 Oakton St., 
Morton Grove, Il. 
(See Ad, Page 193) 


John L. Dore Co. P. OC. Box 7772, 
Houston 7, Tex 
(See Ad, Page 189) 


E. duPont de Nemours & Co. Inc., 
col Fabrics Div., Fairfield, Conn. 


The Duriron Co. Modern Industrial 
Plastics Div., 3337 N. Dixie Drive, 
Dayton, Ohio 

Emerson Plastics a 
Ave., Bronx 61, N. Y. 

Enflo ., Fellowship Rd. & Route 73, 
Maple Shade, N. J. 


ineered Rubber Products Co., 1750 
pley Rd., Akron, Ohio 


Excelsior Leather Washer Mf. 
Chestnut St., Rockford, Il. 
(See Ad, Page 194) 


Co., a “g Mc- 
hicago 80, 


1383 Seabury 


. Co., 720 


Felt Products Mfg. 
Corfnick Blvd., 


Garlock Poking Co., 402 Main St. 
ee 


Ad, Page 199) 


Garrett Flexible Products Inc., 1101 South 
Peters, Garrett, Ind. 


W. Gayle & Son, 514—1-2 Logan 
St., Frankfort, Ky. 


Gits Bros. Mfg. Co., 
Ave., Chicago 23, ill. 
(See Ad, Page 197) 


Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. 

B. F. Goodrich Industrial Products Co., 
A Div. of The B. F. Goodrich Co., 
500 S. Main St., Akron 18, Ohio 


Goodyear Tire & Rubber Co., 1144 E. 
Market St., Akron 16, Ohio. 


Gordon Rubber & Packing Co., P. O. 
Box 431, Derby, Conn. 


Graton & Knight Co., 356 Franklin St. 
Worcester 4, Mass. 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. 
(See Ad, Page 188) 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 


1868A S. Kilbourn 


Halogen Insulator & Seal Corp., 9960 
Pacific Ave., Franklin Park, Ill. 


Hawthorne Rubber Mfg. Corp. 33 
Fourth Ave., Hawthorne, N. J. 


Hercules Packing Corp., 327 Washing- 
ton St. Buffalo 3, N. Y. 


Hewitt-Robins Inc., 240 Kensington, Buf- 
falo, N. Y. 


E. F. Houghton Co. 303 W. Lehigh 
Ave., Philadelphia 33, Pa. 
(See Ad, Page 201) 


Huntington Rubber Mills, 7100 S. W. 
MacAdam, Portland, Ore. 


Hydraulic Packings Co., 2114 Fourth 
Ave. S., Minneapolis 4, Minn. 


International Packing Corp., Lake St., 
Bristol, N. H. 
(See Ad, Page 186) 


Joclin Mfg. Co., 30 Lufbery Ave., Wall- 
ingford, Conn. 


Johns-Manville, 22 East 40th St, New 
York 16, N. Y. 


Krug Co., 1 Barnum Ct., Danbury, Conn. 
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PRODUCT DIRECTORY 


RULON — first 
practical fluorocarbon 
for cup packings 


Dixon's new post-forming technique 
makes use of Rulon’s plastic memory 
to insure tight seals under all condi- 
. at lower cost than ever 


Packings of Rulon (filled TFE) 
give you: (1) low friction, (2) high 
resistance to wear, (3) low deforma- 
tion under load (% that of Teflon*), 
(4) wide temperature tolerance 
(—400° to +500°F), (5) chemical 
inertness, (6) lube free operation, 
and (7) zero water absorption 


eS 
& 


RULON now serves in pumps, 
valves, motors, compressors and 
scores of other products manufac- 
tured by leading companies across 
the nation. Dixon offers the widest 
variety of basic shapes, both in 
RULON and Teflon . . . plus engi- 
neering capability to formulate spe- 
cial reinforced fluorocarbons for 
special needs. Also, Dixon can sup- 
ply molded, machined, stamped, cut 
or extruded parts to meet your print. 

See our guide-book 

RULON, Bulletin 
#9572, in Sweet's Prod- 
uct Design File or send 
details for recommenda- 
tions. DIXON COR- 
PORATION, 100 
BURNSIDE ST., 


BRISTOL, R. L. # DuPont T.M. 


DIXON 


Circle $-31 on Page 19 
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| Paragon 


| Periflex Inc., 


| Philadelphia Belting Co., 


| Reid Enterprises, 2610 E. 67th, 


| J. E. Rhoads & Sons, 


| Rubber & Silicone Products, 


| St. Marys Carbon Co., St. 
| W. S. Shamban & Co., 


Sparta Mfg. Co., R. D. 








N. L. Kuehn Co., 3747 N. Booth St, 
Milwaukee 12, Wis. 


Linear Inc., State Rd. & Levick St., Phila- 
delphia 35, Pa. 


a & Co. Inc., 208 Rose, Williams- 


The Marlo Co. 436 Broadway, 


New York, N. Y. 


Charles W. Marsh Co., Michigan & 
Hudson, Muskegon, Mich. 


Mechanical Rubber Products Co., War- 
wick, N. Y. 


Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. 


Gasket & Washer Mfg. Co. 
New York 10, 


Inc., 


National 
Inc., 124 East 25th St., 
N. Y. 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


Page Belting Co., Eastman St., Concord, 
N. H. 


(See Ad, Page 202) 


Rubber Corp., 200 Pleasant, 
Easthampton, Mass. 

lll E. Ten Mile Rd., Hazel 
Park, Mich. 


524 N. Sixth 
St., Philadelphia, Pa. 


Plastic & Rubber Products Co., 2100 
uy Park Blvd. Los Angeles 47, 
Calif. 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. 
(See Ad, Page 185) 


Ponn Machine Cutting Co., 51 
Everett, Mass. 


Wm. Porter Co., 1007 Santa 
Los Angeles, Calif. 


Kelvin, 


Fe Ave., 


| Precision Associates Inc., 742 Washing- 


ton Ave. N., Minneapolis, Minn. 


Raybestos-Manhattan Inc., Packing Div., 


Passaic, N. J 


(See Ad, Page 203) 


Long 
Beach 5, Calif. 


2100 W. Ilth St., 


Wilmington 99, Del. 


Rubber Right Products, 5049 W. Lake, 


Chicago, Ill. 


13 Monte- 
sano Rd., Caldwell, N. J. 


Rubbercraft Corp. of Calif., 
220th St., Torrance, Calif. 


1800 W. 


Marys, Pa. 


11617 W. Jef- 
Culver City, Calif. 


2, Dover, Ohio 
(See Ad, Page 195) 


ferson Blvd., 


| Stemco Mfg. Co., P. O. Box 1628, Long- 


view, Tex. 


Sterling Asbestos & Rubber Co., 134 
W. S2nd, New York 19, N. Y. 


Sterling Packing & Gasket Co. Inc., 
1708 Nance, Houston, Tex. 

Tri-Point Plastics Inc., 175 L U. Willets 
Rd., Albertson, N. Y. 


Albert Trostel Packings Ltd. Marshall 
& Madison Sts., Geneva, Wis. 


Universal & Gasket Co. Inc., 
5200 Clinton ive, Houston, Tex. 


U. S. Ceramic Tile Co., Sparta Mfg. 


Div., Dover, Ohio 
Va —_ Roth Rubber Co. 
Div. 1 St., Cicero 50, Ill. 


The James Walker P Co. Inc., 
P. O. Box 75, Chicago eights, Ill. 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. 

(See Ad, Page 200) 


Flange 

These packings are unbalanced pack- 
ings, with sealing on the ID only, and are 
used for low-pressure, outside-packed in- 
stallations. Primarily made of leather, 
they are also produced in fabricated and 
homogeneous materials. Sources are: 


Accurate Felt & Gasket Mfg. Co., 1016 
S. California Ave., Chicago i2, Il. 
Alloy Mfg. Co., 3207 S. Shields Ave. 

Chicago 16, Til. 


Ames Supply Co., Subsidiary of American 
Rubber Corp., i0 Ames Bivd., Hamburg, 
N. J. 


Anchor Packing Co., 401 N. Broad St., 

Philadelphia 8, Pa. 
Apex Molded Products Co., 3576 Ruth, 
eee ~ Pa. 
(See Ad, Page 202) 


Atlantic India Rubber Works Inc., 571 
West Polk St. Chicago 7, Ill. 


“om Mfg. Co., Pease Ave. & Stack 
., Middletown, Conn. 
C. L. & W. W. Auer, Main & Auer Sts., 
Corry, Pa. 
The Belko Corp., Railroad & Union Ave., 
Kingsville, M 


Bonner & Barnewail “ 
eo New York 12, N. 
A. Burgess Leather Co., Brigham 

Hill Rd., Grafton, Mass. 
Chicago Rawhide pm 
Ave., Chicago 22, I 
(See Ad, Page 204) 


125 N. Green 


150 Bleecker 


1301 Elston 


Chicago-Allis Miz. Co., 
St., Chicago 7, Il. 


Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. 


Crane Packing CG, 6400 Oakton St. 
Morton Grove, Il 
(See Ad, Page 193) 


Macuine Desicn—Tue Seats Boox 








John L. Dore Co. P. O. Box 7772, 
Houston 7, Tex. 
(See Ad, Page 189) 


Double Seal Ring Co., — mery 
St, Fort Worth 7, = 


The Duriron Co., Modern Industrial 
Plastics Div., 3337 N. Dixie Drive, Day- 
ton, Ohio 


Emerson Plastics ee 
Ave., Bronx 61, N. 


Enflo .» Fellowship Rd. & Route 73, 
Maple Shade, N. J. 


ineered Rubber Products Co., 1750 
pley Rd., Akron, Ohio 


Excelsior Leather Washer Mfg. 
Chestnut St., Rockford, Ill. 
(See Ad, Page 194) 


Firestone Rubber & Latex Products Co., 
Div. Firestone Tire & Rubber Co., Fall 
River, Mass. 


Garlock Packing Co. 402 Main St., 
Palmyra N. Y. 
(See Ad, Page 199) 


Garrett Flexible Products Inc., 1101 South 
Peters, Garrett, Ind. 


Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. 


B. F. Goodrich Industrial Products Co., A 
Div. of The B. F. Goodrich Co., 500 S. 
Main St., Akron 18, Ohio 


Goodyear Tire & Rubber Co., 
Market St., Akron 16, Ohio 


Goshen Rubber Co. Inc., 1525 South 
Tenth, Goshen, Ind. 
(See Ad, Page 204) 


Graton & Knight Co., 356 Franklin St., 
Worcester 4, Mass. 
Greene, Tweed & Co., 322 Elm St., 


Wales, Pa, 
(See Ad, Page 188) 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 

Halogen Insulator & Seal 
Pacific Ave., Franklin Park, iil. 


Hawthorne Rubber Mf 
Ave., Hawthorne, 


1383 Seabury 


Co., 720 


1144 E. 


Hecht Rubber Co. Inc., 482-484 River- | 


side Ave., Jacksonville 2, Fla. 


Hercules Packing Corp., 327 Washing- 
ton St., Buffalo 3 "N 3 


Hewitt-Robins Inc., 240 Kensington, Buf- 
falo, N. Y. 


E. F. Houghton Co., 303 W. Lehigh 
Ave., Philadelphia 33, Pa. 
(See Ad, Page 201) 


Huntington Rubber Mills, 7100 S. W. 
MacAdam, Portland, Ore. 


International Packing Corp., Lake St., 
Bristol, N. H. 
(See Ad, Page 186) 


Joclin Mfg. Co., 30 Lufbery Ave., Wall- 


ingford, nn. 


Johns-Manville, 22 East 40th St, New 
York 16, N. Y. 


Krug Co., 1 Barnum Ct., Danbury, Conn. 
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North | 


vf Corp. 33 Fourth 








New FLUOROSINT® Pump Seal Works 
Where O-Rings and TFE Parts Fail 


This double-piston miniature pump required a seal that would 
not expand in water, required no lubrication, was non-corrosive, 
and could be easily machined to close tolerances. The pump 
was used in commercial dishwashers, and the critical sealing 
point was in the rinse injector, shown above. 

Rubber O-rings were tried first, but they quickly swelled in the 
hot, soapy water. Conventional TFE seals remained chemically 
stable, but reciprocating action of the steel shaft wore them 


down in one day. 


FLUOROSINT, a new TF fluorocarbon base composition, 
was the perfect solution. Precision rings machined from econom- 
ical FLUOROSINT stock tubes, provided complete sealing and 
showed no signs of wear after months of intense testing. 

FLUOROSINT is a unique plastic composition developed by 
Polymer to improve TFE’s mechanical and thermal properties 
without materially affecting its excellent chemical and electrical 


characteristics. It is available 
in a variety of economical 
stock shapes (right) or as sin- 
tered (molded) parts. 


for complete technical and application 
data, write for new illustrated Bulletin 
BR-9. 


POLY PENCO’ industrial plastics 


a © 


Halex Corporation 

A subsidiary of 

The Polymer Corporation 

Reading, Pa. 

Export: Polypenco, Inc., Reading, Pa., U.S.A. 


Circle $-32 on Page 19 185 





PRODUCT DIRECTORY 


Famous for service, the pack- 
ings manufactured by IPC rep- 
resent a custom approach to 
the customer's problem. 

Our design department can 
frequently suggest refinements 
in seal engineering which con- 
tribute to overall performance 
and efficiency. 

We would be happy to show 
how we can answer your seal- 
ing needs with rubber or 
leather packings . . . 
molded O-Rings. 


@ 


INTERNATIONAL 
PACKINGS «02° 0%x110% 


Bristol, New Hampshire 
Circle $-33 on Page !9 


or custom 





N. L. Kuehn Co., 3747 N. Booth St., 
Milwaukee 12, Wis. 


Linear Inc., State Rd. & Levick St. 
Philadelphia 35, Pa. 


ae Co. Inc., 208 Rose, Williams- 
a. 


The Marlo Co. Inc., 
New York, N. Y. 


Charles W. Marsh Co., Michigan & 
Hudson, Muskegon, Mich. 


Mechanical Rubber Products Co., War- 
wick, N. Y. 


436 Broadway, 


Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. 


National Gasket & Washer Mfg. Co. 
Inc., 124 East 25th St., New York 10, 
N. Y. 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


Page Belting Co., Eastman St., Concord, 
; 
(See Ad, Page 202) 
Paragon Rubber Corp. 200 Pleasant, 
Easthampton, Mass. 


Paul-Martin Rubber Corp., Dwight & 
Front Sts., Holyoke, Mass. 


Periflex Inc., 111 E. Ten Mile Rd., Hazel 
Park, Mich. 


Philadelphia Belting Co., 52 
Philadelphia, Pa. 


Plastic & Rubber Products Co., 2100 
Hyde Park Blvd., Los Angeles 47, 
Calif. 

Polymer Corp. 2120 
Reading, Pa. 


Wm. Porter Co., 
Angeles, Calif. 


4 N. Sixth St., 


Fairmont Ave., 


1007 Santa Fe Ave., Los 


Raybestos-Manhattan Inc., Packing Div., 
Passaic, N. J. 
(See Ad, Page 203) 


Reid Enterprises, 2610 E. 67th, 
Beach 5, Calif. 


J. E. Rhoads & Sons, 2100 W. 
Wilmington 99, Del. 


Long 
llth St. 


Rubber Right Products, 
Chicago, il. 


Rubber & Silicone Products, 
sano Rd., Caldwell, N. J. 


Rubbercraft Corp. of Calif., 
220th St., Torrance, Calif. 


Sparta Mfg. Co., R. D. 2, Dover, Ohio 
(See Ad, Page 195) 
St. Marys Carbon Co., St. Marys, Pa. 
Stemco Mfg. Co., P. O. Box 1628, Long- 
view, Tex. 


a Asbestos & ea Co., 
52nd, New York 19, N. 


Sterling Packing & Gasket Co. Inc., 1708 


Nance, Houston, Tex. 


5049 W. Lake, 
13 Monte- 


1800 W. 


134 W. 


Tri-Point Plastics Inc., 175 I U. Willets 


Rd., Albertson, N. Y. 


Albert Trostel Packings Ltd. Marshall & 
Madison Sts., Geneva, Wi 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. 


Corp., Roth Rubber Co. 
See ise sone Sane? 54th St., Cicero 50, Ill. 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 


The James Walker Packing Co. Inc. 
P. O. Box 75, Chicago Heights, Ill. 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, iil. 

(See Ad, Page 200) 


0-Ring 

This seal is in the form of a circular 
ring, or torus, generally of synthetic rub- 
ber with a round cross-section, molded 
and trimmed to close tolerances. They 
are used as seals in static, rotary and re- 
ciprocating applications. Sources are: 


Ace Gasket Co., 
New York, N. Y 


Acushnet Process Co., 776 Belleville Ave., 
Box 916, New Bedford, Mass. 
(See Ad, Page 191) 


The Advanced Products Co., 59 Broadway, 
North Haven, Conn. 


Aero Gasket Corp., 763 Hanover Rd., 
Meriden, Conn. 


The Alan Packing & Rubber Co., 1295 
Parsons Court, Cleveland 16, Ohio 


Alloy Mfg. Co., 3207 S. Shields Ave., 
Chicago 16, Il. 


The Allpax Co. Inc., 
Mamaroneck, N. Y 


Ames Supply Co., Subsidiary of American 
Rubber Corp., 10 Ames Blvd. Ham- 
burg, N. J. 


Anchor Packing Co., 
Philadelphia 8, Pa. 


Apex Molded Products Co., 3576 Ruth, 
Philadelphia, Pa. 
(See Ad, Page 202) 


Asbestos Corp., 
field, N. J. 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. 


C. L. & W. W. Auer, Main & Auer Sts., 
Corry, Pa. 


Bacon Industries Inc., 
Watertown 72, Mass. 


K. Wm. Beach Mfg. Co., Beach Bldg., 
2727 Columbus, Springfield, Ohio 


The Belko Corp., Railroad & Union Ave., 
Kingsville, Md. 


Chicago Gasket Co 
Chivago 22, Ill. 
(See Ad, Page 190) 


1441-43 Webster Ave., 


160 Jefferson Ave., 


401 N. Broad St., 


49 Ackerman St., Bioom- 


192 Pleasant St., 


, 1271 W. North Ave., 


Macuine Desicn—TuHeE Sears Boox 








Chicago Rawhide Mfg. Co., 1301 Elston 
Ave., Chicago 22, Ill. 
(See Ad, Page 204) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 


Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. 


Crane Packing Co., 6400 Oakton St. 
Morton Grove, IIl. 
(See Ad, Page 193) 


Disogrin Industries Inc., 510 S. Fulton 
Ave., Mount Vernon, N. Y. 


Dixon Corp., 19-21 Burnside St., Bristol, 
R. L 
(See Ad, Page 184) 


John L. Dore Co., P. O. Box 7772, Hous- 
ton 7, Tex. 
(See Ad, Page 189) 


The D. S. D. Mfg. Co., 2964 Whitney 
Ave., Hamden, nn. 


The Duriron Co., Modern Industrial Plas- 
tics Div., 3337 N. Dixie Drive, Dayton, 
Ohio 


Emerson Plastics Corp., 1383 Seabury 
Ave., Bronx 61, N. Y. 


Enflo Corp., Fellowship Rd. & Route 73, 
Maple Shade, N. J. 


Engineered Rubber Products Co., 1750 
Chaka Rd., Akron, Ohio 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 
(See Ad, Page 199) 


Garrett Flexible Products Inc., 1101 South 
Peters, Garrett, Ind. 


General Hermetic Sealing Corp., 99 East 
Hawthorne Ave., Valley Stream, N. Y. 
Gits Bros. Mfg. Co., 1868A S. Kilbourn 


Ave., Chicago 23, Ill. 
(See Ad, Page 197) 


Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. 


Goodyear Tire & Rubber Co., 1144 E. 
Market St., Akron 16, Ohio 


Gordon Rubber & Packing Co., P. O. 
Box 431, Derby, Conn. 


Goshen Rubber Co. Inc., 1525 South 
Tenth, Goshen, Ind. 
(See Ad, Page 204) 


Graton & Knight Co., 356 Franklin St., 
Worcester 4, Mass. 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. 
(See Ad, Page 188) 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. 

Halogen Insulator & Seal Corp., 9960 
Pacific Ave., Franklin Park, III. 


Haveg Industries, Taunton Div., 336 Weir 
St., Taunton, Mass. 


Hawthorne Rubber Mfg. Corp., 33 Fourth 
Ave., Hawthorne, N. J. 


Hecht Rubber Co. Inc., 482-484 Riverside 
Ave., Jacksonville 2, Fla. 


Hercules Packing Corp., 327 Washington 
St., Buffalo 3, N. Y. 


January 19, 1961 


is a better buy than 


CREATIVE 


ENGINEERING 


BEFORE you go into production is the 

time to let a Precision Sales Engineer analyze 
your problems, recommend solutions. As a 
recognized “O” Ring specialist, his knowledge 
and skill can help you improve product 
operation, simplify design, reduce assembly 
costs and eliminate early product failure. He'll 
help you obtain the right product design, then 
recommend the right “O” ring for the job. 
Precision “O” Rings are rigidly inspected, 
true to size and meet all military and 
commercial specifications. 

Be safe with Precision. Write, phone, or wire 
for the services of a Precision Engineer today. 


BE SAFE with PRECISION 


Circle $-34 on Page 19 


lost time on the assembly line! 











i recision Rubber Products 
Corporation ¢ ©” Ring and Dyna-seal Specia 


ist 


Box 431, Oakridge Drive, Dayton 17, Ohio Canadian plant at: Ste. Thérése de Blainville, Québec 
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PALMETTO 


Let Palmetto supply a recommendo- 
tion for your current project. Send 
drawings and operating conditions 
for a specific product suggestion, 
ond —today—ask for the Palmetto 
O€M product description sheet. 


GREENE, TWEED « 
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Hewitt-Robins Inc. 240 Kensington, 
Buffalo, N. Y. 


Hohwieler Rubber Co. Inc., 32 W. Bridge 
St., Morrisville, Pa. 


E. F. Houghton Co., 303 W. Lehigh Ave., 
Philadelphia 33, Pa. 
(See Ad, Page 201) 


Huntington Rubber Mills, 7100 S. W. 
MacAdam, Portland, Ore. 


International Packing Corp., Lake St., 
Bristol, N. H. 
(See Ad, Page 186) 


Joclin Mfg. Co., 30 Lufbery Ave., Walling- 
ford, Conn. 


Johns-Manville, 22 East 40th St., New 
York 16, N. Y. 


Krug Co., | Barnum Ct., Danbury, Conn. 


N. L. Kuehn Co., 3747 N. Booth St., 
Milwaukee 12, Wis. 


Linear Inc., State Rd. & Levick St., Phila- 
delphia 35, Pa. 


Mechanical rel Products Co., War- 


wick, 


Minnesota Rubber Co., 3630 Wooddale 
Ave., Minneapolis 16, Minn. 
(See Ad, Page 198) 


Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. 


Irving B. Moore Corp., 65 High, Boston, 
ass. 
(See Ad, Page 192) 


Moxness Products Inc., 20th St. & Indiana 
Ave., Racine, Wis. 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 


National Seal Div., Federal-Mogul-Bower 
Bearings Inc., Broadway & National 
Ave., Redwood City, Calif. 


National Utilities Corp., 826 S. Arroyo 
Parkway, Pasadena 2, Calif. 


Nichols Engineering Irc., 1000 Old Strat- 
ford Rd., Shelton, Conn. 


Pacific States Felt & Mfg. Co. 843-847 
Howard St., San Francisco 3, Calif. 


Packing Supply Co., 2620 South 2nd West, 
Salt Lake City 15, Utah 


Parker Seal Co., 10567 Jefferson Blvd., 
Culver City, Calif. 
(See Ad, Pages 202, 204) 


Paul-Martin Rubber Corp., Dwight & 
Front Sts., Holyoke, Mass. 


Periflex Inc., 111 E. Ten Mile Rd., Hazel 
Park, Mich. 


Plastic & Rubber Products Co., 2100 Hyde 
Park Blvd., Los Angeles 47, Calif. 


Ponn Machine Cutting Co., 51 Kelvin, 
Everett, Mass. 


Precision Associates Inc., 742 Washington 
Ave. N., Minneapolis, Minn. 


Precision Rubber Products Corp., 3110 
Oakridge Drive, Dayton 4, Ohio 
(See Ad, Page 187) 
Raybestos-Manhattan Inc., Packing Div., 


Passaic, N. J. 
(See Ad, Page 203) 


Reid Enterprises, 2610 E. 67th, Long 
Beach 5, Calif. 


Roberts Toledo Rubber Co., 4143 Monroe 
St., Toledo 13, Ohio 


Rubber Right Products, 5049 W. Lake, 
Chicago, Ill. 


Rubber & Silicone Products, 13 Monte- 
sano Rd., Caldwell, N. J. 


Rubber Teck Inc., P. O. Box 389, Gardena, 
Calif. 


Rubbercraft Corp. of Calif. 
220th St., Torrance, Calif. 


St. Marys Carbon Co., St. Marys, Pa. 


W. S. Shamban & Co., 11617 W. Jefferson 
Blvd., Culver City, Calif. 


Shurclose Seal Co., 17411 E. Warren, 
Detroit 24, Mich. 


Sparta ~- 


1800 W. 


2, Dover, Ohio 
Ade <4 195 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. 

Stillman Rubber Co., 5813 Marilyn Ave., 
Culver City, Calif. 


Tri-Point Plastics Inc., 175 1. U. Willets 
Rd., Albertson, N. Y. 


Albert Trostel Packings Ltd., Marshall & 
Madison Sts., Geneva, Wis. 


United Aircraft Products Inc., United 
Metallic O Ring Div., 1116 Bolander 
Ave., Dayton 1, Ohio 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. 


U. S. Ceramic Tile Co., Sparta Mfg. Div., 
Dover, Ohio 

Vacuum Research Co., 420 Market St., 
San Francisco 11, Calif. 


Vapor Heating Corp., Roth Rubber Co. 
Div., 1860 S. 54th St., Cicero 50, Ill. 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio 


Vibra Seal Corp., 2832 E. Grand Blvd., 
Detroit 11, Mich. 


Victor Mfg. & Gasket Co., 5750 Roosevelt 
Rd., Chicago 90, Hl. 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Il. 

(See Ad, Page 200) 


The W-G Gasket Co., 3218 No. 126th St., 
Brookfield, Wis. 


U-Ring 

These packings are balanced packings 
made of leather and fabricated material 
which seal on both the OD and ID. They 
are completely automatic in action with 
low frictional characteristics. Sources 


are: 
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The Allpax Co. A 160 Jefferson Ave., 
Mamaroneck, N 


Ames Supply Co., pans of American | 


Rubber Corp., 10 Ames Blvd., Ham- 
burg, N. J. 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. 


Arcy Mig. Co. Inc., 


120 Beekman St., 
New York 38, N. Y. 


Auburn Mfg. Co., Pease Ave. & Stack St., 


Middletown, Conn. 


C. L. & W. W. Auer, Main & Auer Sts., 
Corry, Pa. 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. 


The Duriron Co., Modern Industrial Plas- 
tics Div., 3337 N. Dixie Drive, Dayton, 
Ohio 

Excelsior Leather Washer Mfg. Co., 720 


Chestnut St., Rockford, Iil. 
(See Ad, Page 194) 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. 
(See Ad, Page 199) 


Graton & Knight Co., 356 Franklin St., 
Worcester 4, Mass. 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. 
(See Ad, Page 188) 


E. F. Houghton Co., 303 W. Lehigh Ave., 
Philadelphia 33, Pa 
See Ad, Page 201) 


International Packing Corp., Lake St., 
H. 


Bristol, 
(See Ad, Page 186) 


Krug Co., 1 Barnum Ct., Danbury, Conn. 


Mechanical Rubber Products Co., War- 
wick, N. Y. 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 


Pacific States Felt & Mfg. Co. 843-847 
Howard St., San Francisco 3, Calif. 


Page Belting Co., Eastman St., Concord, 
N. H. 
(See Ad, Page 202) 


Philadelphia Belting Co., 524 N. Sixth St., 
Philadelphia, Pa. 


Polymer Corp., 2120 Fairmont Ave., 
Reading, Pa. 
(See Ad, Page 185) 


Wm. Porter Co., 1007 Santa Fe Ave., Los 
Angeles, Calif. 


Raybestos-Manhattan Inc., Packing Div., 
Passaic, N. J. 
(See Ad, Page 203) 


Reid Enterprises, 2610 E. 67th, Long 
Beach 5, Calif. 


J. E. Rhoads & Sons, 2100 W. llth St. 
Wilmington 99, Del. 


Sparta Mfg. Co., R. D. 2, Dover, Ohio 
(See Ad, Page 195) 


Dore we rings have special satin 
finish . further increasing the 
extremely low coefficient of fric- 
tion of Teflon. 


Doré cup and cone packing of 
Teflon sj ideal for oa 
motion—seals without bind: 


Dore “U" cups made te close 
tolerances from virgin Tefion have 
uniform density. 


Weel your teal problem, t 
Check with Dore fora solution with 
seals of Teflon* or Fluorogreen 


Our engineering, research and development 
departments have solved seal problems for valves, 
shafts, piston rods and scores of other applica- 
tions where improved sealing is essential to 
higher efficiency and longer life of equipment. 

Our seals, either standard or special, are pro- 
duced under the most precise and rigid quality 
controls with many exclusive and special opera- 
tions to assure maximum physical performance 
and dimensional accuracy. 
bellows, seals, “O” 
” cups and 


Vee packing, rings, 
gaskets, cup and cone packing, “U 
scores of other styles and shapes are available 
from Doré to solve your seal problem. In addi- 
tion, our engineering, research and development 
departments are ready to work with you in the 
solution of special problems with Teflon, Fluoro- 
green or a special compound. For detailed in- 
formation write for Bulletin M-58. 


*Registered trademark for Du Pont Fluorocarbon resins 
Du Pont 


FLUOROGREEN « 


| John fi Dore Co. 0. mg 


a) 
Ree 


Tri-Point Plastics Inc., 175 1. U. Willets 
Rd., Albertson, N. Y. 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. 


0 Schuler P. 0. Box 
xport’ 1505 Race St Philadelphia - Pa ee ae F luorogreen : 
Cable add Dorex ‘ y 
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PRODUCT DIRECTORY 


SPECIALISTS IN 
“MIRROR-FINISH” 
“TFE O-RINGS 
PACKINGS - GASKETS 
SEALS 


*TFE—The Universal Seal 
TFE works well on all fluids, hydravu- 
lics, chemicals, corrosives, solvents 
No swell—No shrink 
*TFE—Low Friction 
No breakaway or torque. ideal for 
control mechanisms. No twist—No 
spiral 
Back-up rings are seldom required with 
TFE O-rings. “Mirror Finish” seals high or 
low pressures 
Many firms increase the sale of their 
products by featuring TFE seals in their 
advertising 


ARP-568—300 SIZES AVAILABLE 


*TFE O-Rings answer the objections of 

most users 

*TFE—Too hard?? 
Tests show that our “Mirror Finish”, 
rather than hardness, is the im 
portant factor in making the TFE 
O-Ring seal at low or high pressure 

*TFE—Too costly?? 
The O-Ring material cost is usually a 
minor factor in making a replacement 
in the field. TFE owtlasts other ma 
terials and saves on maintenance and 
replacement costs 

*TFE—inelastic?? No stretch?? 
TFE O-Ring is not a rubber band. It 
does, however, have a plastic mem 
ory. It may be cold- or hot-stretched 
by our method, or, you may use our 
pre-stretched Mem-0-Ring”, which 
may be shrunk easily into internal 
grooves 

Why not write, or circle the number be 

low to get our TFE O-Ring Application 

Brochure and Size Chart 

*TFE is Tetro-Fluoro-Ethylene Fivorocorbon Resin 


CHICAGO GASKET 
COMPANY 


1271 W. North Avenue 
Chicago 22, lil. 
HUmbolt 6-3060 
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Simple Compression 
Packings 


Simple compression packings are com- 
posed of fibers which are first woven, 
twisted or braided into strands, and then 
formed into coils, spirals, or rings. To 
insure initial lubrication and to facilitate 
installation, the basic material is often 
lubricant impregnated. They are used for 
sealing rotating shafts and for high-pres- 
sure applications involving reciprocating 
motion, or combinations of reciprocating 
and rotating motion. Examples are the 
rods and plungers on reciprocating pumps, 
compressors, and steam engines. In this 
section, manufacturers of simple compres- 
sion packings are classified by the various 
packing materials. Each manufacturer is 
coded according to the type of construction 
that is available for a compression pack- 
ing of a given material. 


(Zz 


a. Twisted: Simple yarn packing is usu- 
ally made from twisted strands of asbestos 
or cotton, lubricated with mineral oil and 
graphite. 


b. Square Braided or Plaited: Loosely in- 
terwoven strands usually grease or oil im- 
pregnated. The loose structure permits 
flexibility and easy adjustment. Copper 
or brass wire is sometimes included to 
increase the over-all strength of the pack- 
ing. Square braided packings are gener- 
ally used for rotary service in sizes of 
, in. and larger. 


c. Rounded Braided or Jacket-Over-Jacket: 
Series of braided tubes laid one over the 
other and separate from one another. 
Often braided over a lead core. 


COOTEOOTTISITIELE. 
DSM 

.S Sy 
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d. Interlocking Braided: Similar to plaited 
and jacket-over-jacket braids except braid- 
ing strands pass diagonally through the 
packing at an angle of about 45 deg, re- 
sulting in a unified structure, braided 
internally and externally. 


e. Wrapped or Rolled: Cloth-type pack- 
ing consisting of a woven cloth of asbes- 
tos or cotton-duck coated on one side 
with an elastomer binder. Brass or monel 
wire are sometimes included for reinforce- 
ment. 


f. Accordion Folded: Basic construction 
is the same as for rolled type except that 
one strip of cloth is folded into an accor- 
dion pleat, and the resulting strip is en- 
closed within another piece of cloth 
which is then wrapped around the strip. 


g. Laminated: Fine weave cloth with 
thin layer of elastomer between the cloth 
layers, resulting in a relatively stiff and 
hard packing. Generally graphited on the 
outside and lubricated. 


h. Folded and Twisted: Continuous thin 
ribbons of lubricated foil, spirally and 
loosely wrapped, folded and twisted, and 
squared to th proper size. 


i. Spiral Wrapped: Flexible all-metallic 
packing of spirally wrapped soft metallic 
foil in a layer-over-layer construction. 


j. Loose or Bulk: When tightened into 
a stuffing box, bulk packing becomes 
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compressed into a ring. Available in both 
metallic and nonmetallic materials, such 
as loose asbestos fiber and shredded metal, 
generally pure lead. 


Asbestos 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. (a, b, c, d, e, 
f, g, h, i, j) 


Abbott & Biddle, 2418 Federal, Philadel- 
phia, Pa. (a, b, c) 


Aero Gasket Corp., 763 Hanover Rd., Meri- 
den, Conn. (b) 


The Alan Packing & Rubber Co., 1295 
wy: Court, Cleveland 16, Ohio (a, 
» ¢, h) 


The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. (b, c, e) 


Alox Mfg. Co., 6160 Maple Ave., St. Louis 
14, Mo. (a, ce) 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. (a, b, c, d, e, £, g, 
h, i, j) 


Arcy Mfg. Co. Inc., 120 Beekman St., New 
York 38, N. Y. (c, d, e, g, h, i) 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, b, c) 


K. Wm. Beach Mfg. Co., Beach Bidg., 
2727 Columbus, Springfield, Ohio (b, 


g, j) 


Braiding & Packing Works of America 
Inc., 248 46th St., Brooklyn 20, N. Y. 
(a, b, c) 


Philip Carey Mfg. Co., Lockland, Cin- 
cinnati 15, Ohio (j) 


A. W. Chesterton Co., 6 Ashland St., 
Everett, Mass. (a, b, c) 


Clinton Mfg. Co. Inc., 89 Bridge, Brook- 
lyn, N. Y. (b) 


Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill. (a, b, c, d, e, f, 
(See Ad, Page 193) 


Crotty Corp., Automotive Products Div., 
39 E. Chicago Ave., Quincy, Mich, (g) 


Darcoid Co., 155 Sixth Ave., New York 
13, N. Y. (a, b, c, e, £, g, h, i, i) 


Detroit Gasket & Mfg. Co., 12640 Burt 
Rd., Detroit 23. Mich. (g) 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, lll. (ec. e, h) 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. (a, b, c, d, e, £, g) 
(See Ad, Page 199) 


General Asbestos Gasket Mfg. Corp., 1721 
So. Seventh Ave., St. Louis, Mo. (b, e, 


f, g, h) 

Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. (a, b, c, d, e, £, g, h, 
i, j) 

Greene, Tweed & Co., 322 Elm St., North 


Wales, Pa (a, b, Cc, d, e, f, g) 
(See Ad, Page 188) 


Hercules Packing Corp., 327 Wosiages 
St., Buffalo 3, N. Y. (a, b, c, d, e, f, i) 
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Problem “O” ring applications in the aviation, 
hydraulic, instrument, automotive and other industries 
are being solved by Acushnet specialists who evaluate 
and compound stocks with properties to meet severe 
environment conditions. 


Acushnet high performance compounds assure seal- 
ing dependability in applications where “O” rings and 
lip-type seals and cups are critical components. 


All Acushnet products are custom molded to cus- 
tomer specifications. None are stocked. We will gladly 
study your requirements and make recommendations 
for the most efficient and economical application. Send 
full specifications and end use data. 


Precision-Molded Rubber Products 


ACUSHNET PROCESS COM PANY 


Circle $-38 on Page 19 


Address all communications to 762 Belleville Ave., New Bedford, Mass. 
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Hollow 4 Packing Co., 115 S. W. 
Le St., Fort Lauderdale, Fla. (a b, ¢ 
d, e) 


Johns-Manville, 22 East 40th St. New 
York 16, N. Y. (a, b, ¢, d, e, £ g, h, D 


The Marlo Co. Inc., 436 Broadway, New 
York, N. Y. (a, b, ec, h) 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


(a b, c, h) 


Lawton H. Parsons Co., S. Main & But- 
ler Ave., Ambler, Pa. (a, b, c, f, h, j) 
~~ Braiding Co. Inc., E. Pepperell, 


ass. (c) 


Pilot Packing Co. Inc., 237 Glen Cove 
Ave., Sea Cliff, N. Y. (a, b, c, i) 


Raybestos-Manhattan Inc., Packing Div., 
assaic, N. J. (a, b, c, f, g, h, j) 
(See Ad, Page 203) 


Reliance Packing Co., 5051 Umbria, Phila- 
delphia, Pa. (a, b, c) 


Seal-Tite Mig. Co. Inc., Subsidiary of 
Atlas Asbestos Co., 433 Walnut St. 
North Wales, Pa. (a, b, c, f, h) 


Sterling Asbestos & Rubber Co., 134 W. 
52nd, New York 19, N. Y. (a, b, ¢, e) 


Sterling Automotive Mfg. Co., 2140 Lunt 
Ave., Elk Grove, Ill. (g) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (a, b, c, e, £, i) 


Synthane Corp., Oaks, Pa. (g) 
Universal Packing & Gasket Co. Inc., 5200 


Clinton Drive, Houston, Tex. (a b, c, e) 
Universal Products, Brockton, Mass. (b) 


The James Walker tereng, Ha 4 
P. O. Box 75, ——, eights, Ill 
(a, b, c, d, e, fg, h, i, 


The W-G Gasket Co., 3218 No. 126th St., 
Brookfield, Wis. (j) 


Cotton 


Co., 516 S. Kol- 


A Punch Products Mfg. 
b, c, d, e, £, 


mer Ave., Chicago, Ill. (a, 
g h, i, j) 


Abbott & Biddle, 2418 Federal, Philadel- 
phia, Pa. (b, c) 


Aero Gasket Corp., 763 Hanover Rd., 
Meriden, Conn. (b) 


Alox Mfg. Co., 6160 Maple Ave., St. Louis 
14, Mo. (a, c) 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia * 8, Pa. (a, b, c, d, e, F, g, 
h, i, j) 


Arcy Mfg. Co. Inc., 120 Beekman St., New 
York 38, N. Y. (c, d) 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, b, c) 


K. Wm. Beach Mfg. Co., Beach Bldg., 
2727 Columbus, Springfield, Ohio (g) 


Braiding & Packing Works of America 
re 248 46th St., Brooklyn 20, N. Y. 
(b, ¢) 





SPECIAL 
SIZE 
0-RINGS 


{ 


In Buna-N, Neoprene, Silicone, Viton A 
and other Industrial Rubber Compounds 


Complete stocks of all polymers makes MOORE 


America’s #1 resource for Special Size O-Rings. 
Since 1920, a dependable source for close tolerance 
molded parts and vulcanization of extruded materials. 


i] 
NOUs. 
FREE 
CATALOG 


specifications. Modern equipment and skilled organiza- 


Any size, shape or configuration, custom-made to your I} 


tion permits FAST DELIVERY. 


ae IRVING B. 


T yone 
HUbbard 2-7565 
Teletype No. 
BS-591 


OORE corr. 


65 High St., Boston, Mass. 
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A. W. Chesterton Co., 6 Ashland St., Ev- 
erett, Mass. (b, c) 
Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill. (b, d) 
(See Ad, Page 193) 
Darcoid Co., 155 Sixth Ave. New York 
13, N. Y. (b, ¢, e) 

Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago ‘BO, Ill. (, e, h) 
Garlock Saat 402 Main St., Pal- 

myra, N. Y Poze 199) 


Goodall Rubber Co., 401 Whitehead Rd., 
Ls pve (a, b, c, d, e, £, g, bh, 
i, j 

Greene, Tweed & Co., “0 Elm St., North 
Wales, re A, b, hy 

Ad, Page 98) 


Hercules Packing Corp., 
St. Buffalo 3,1 N. Y. cade =) 


Hollow Center Packing Co., 115 S.W. 12th 
St., Fort Lauderdale, Fla. (b) 


Johns-Manville, 22 East 40th St. New 
York 16, N. Y. (a, b, c, d) 


Massasoit Co., Laurelton, N. J. (a, b, ¢, i) 


1 Braiding Co. Inc., E. Pepperell, 
ass, (c) 


Raybestos-Manhattan Inc., Packing Div., 
~—o ‘ U o c) 
Ad, Page 203) 


Sterling Asbestos & — Co., 
52nd, New York 19, N. Y. (c) 


Sterling Packing & Gasket >. Inc., 1708 
Nance, Houston, Tex. (a, b, c) 


Synthane Corp., Oaks, Pa. (g) 
Universal Products, Brockton, Mass. (b) 


The James Walker sony 8 -. 
P. QO. Box 75, —_ eights, nT 
(a, b, ¢, d, e, £, g, h, i, 


The W-G Gasket Co., 3218 No. 126th St., 
Brookfield, Wis. (j) 


Duck and Rubber 


A Punch Products Mfg. Co., 516 S. Kol- 
~ aa Ill. (@, b, ¢ d, e, 
E, g, i, 


Aero Gasket 
iden, Conn. 


American Felt Co., Glenville, Conn. (g) 


Co., 401 N. Broad St., 
Pa. (a, b, c, d, e, £, g, 


134 W. 


., 763 Hanover Rd., Mer- 


Anchor Packi 
Philadelphia 
h, i, j) 

Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (b) 


K. Wm. Beach Co., Beach Bldg., 
2727 Columbus, pringfield, Ohio (g) 


Bonner & Barnewall Inc., 150 Bleecker St., 
New York 12, N. Y. (g) 


A. W. Chesterton Co., 6 Ashland St., Ev- 
erett, Mass. (b, g) 


Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. (b) 
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Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Lil. (b) 
(See Ad, Page 193) 


Darcoid Co., 155 Sixth Ave., New York 
13, N. Y. (b, g) 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. ¢h) 


Firestone Rubber & Latex Products Co., 
Div. Firestone Tire & Rubber Co., Fall 
River, Mass. (g) 


Garlock Packing Co., 402 Main St., Pal- 


myra, N. Y. (b, e, g, i) 
(See Ad, Page 199) 


Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. (a, b, c, d, e, f, g, h, 
i, j) 

Goodyear Tire & Rubber Co., 1144 E. 
Market St., Akron 16, Ohio (e) 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. (b, e, f, gz) 
(See Ad, Page 188) 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. (a, b, c, d, e, F, g, h, i, j) 


Hecht Rubber Co. Inc., 482-484 Riverside 
Ave., Jacksonville 2, Fla. (b) 


Hercules Packing Corp., 327 ore 
St., Buffalo 3, N. Y. (a, b, c, d, e, £, i) 


Hollow Center Packing Co., 115 S.W. 12th 
St., Fort Lauderdale, Fla. (b, g) 


Johns-Manville, 22 East 40th St. New 
York 16, N. Y. (a, b, c, d) 


N. L. Kuehn Co., 3747 N. Booth St., Mil- 
waukee 12, Wis. (b, d) 


The Marlo Co. Inc., 436 Broadway, New 
York, N. Y. (b) 


Minor Rubber Co. Inc., Foot of Ackerman 
St., Bloomfield, N. J. (b, e, g) 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. (b) 


Raybestos-Manhattan Inc., Packing Div., 
Passaic, N. J. (b, g) 
(See Ad, Page 203) 


Reliance Packing Co., 5051 Umbria, Phila- 
delphia, Pa. (b) 


Rubbercraft Corp. of Calif., 1800 W. 220th 
St., Torrance, Calif. (b, g) 


Sterling Asbestos & Rubber Co., 134 W. 
Sond: New York 19, N. Y. (a, b, £) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (g) 


Synthane Corp., Oaks, Pa. (g) 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. (b) 


Universal Products, Brockton, Mass. (b) 


Voss Engineering Inc., 317 Barclay Bldg., 
One Belmont Ave., Bala~Cynwyd, Pa. 
(g) 

The James Walker Packing Co. Inc., P. O. 
Box 75, Chicago Heights, Ill. (a, b, cg 
d, e, f, g, h, i, j) 


John M. Watts Sons, 100 Walnut, Phila- 
delphia, Pa. (b) 


West American Rubber Co., 400 N. Ave. 
19, Los Angeles 31, Calif. (b, e, g, i) 


The W-G Gasket Co., 3218 No. 126th St., 
Brookfield, Wis. (j) 
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F— PACKINGS 


DESIGN ESSENTIALS FOR 
BETTER HYDRAULIC PACKINGS 


4. Pressure access allows im- 
mediate pressure distribution 
and packing response. 


THESE BASIC 
2. Ball joint nesting sur- 
FEATURES faces facilitate breathing 


are part of a ee 


“John Crane” 
Hydraulic Packings. 
They assure packings 
that meet the most 
rigid requirements 

of hydraulic service 
-+-@ good initial seal, 


3B. Adequate lubrication 


long life, efficient 
performance over 
wide pressure 
ranges and 
stability in the 
fluid medium. 





Tell us about your standard requirements and ask 
for recommendations and/or assistance in the cre- 
ation of a combination of packings that will best 
handle individual operating conditions. Request 
Bulletin P-333 for general information. 

Crane Packing Company, 6425 Oakton Street, 
Morton Grove, Ill. (Chicago Suburb). 
In Canada: Crane Packing Co., Itd., Hamilton, Ont. 
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Flax, Ramie, and Jute 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. (a, b, ¢, d, e, f, 
g h, i, j) 

Abbott & Biddle, 2418 Federal, Philadel- 
phia, Pa. (a, b, c) 

The Alan Packing & Rubber Co., 1295 
Parsons Court, Cleveland 16, Ohio (b, c) 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. (a, b, c, d, e, £, g, 
h, i, i) 

Arcy Mfg. Co. Inc., 120 Beekman St., New 
York 38, N. Y. (¢, d) 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (b) 


Braiding & Packing Works of America 
Inc., 248 46th St., Brooklyn 20, N. Y. 
(b, c) 

A. W. Chesterton Co., 6 Ashland St., Ev 
erett, Mass. (b, c) 


Clinton Mfg. Co. Inc., 89 Bridge, Brook 
lyn, N. Y. (b) 


Crane Packing Co., 6400 Oakton St., Mor 


ton Grove, Ill. (b) 
(See Ad, Page 193) 


Darcoid Co., 155 Sixth Ave. New York 
13, N. ¥. (bbe 2 


Dixie Jute Bagging Corp., 700 Front St., 
Norfolk 10, Va. (a) 


Felt Products Mfg. Co., 7450 N. McCor 
mick Blvd., Chicago 80, Ill. (e, h) 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. (b, c, d) 
(See Ad, Page 199) 


Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. (a, b, c, d, e, £, g, h, 
i, j) 

Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. (a, b, c, d) 

(See Ad, Page 188) 


Hercules Packing Corp., 327 Washington 
St., Buffalo 3, N. Y. (a, b, c, d, e, F, i) 


Hollow Center Packing Co., 115 S.W. 12th 
St., Fort Lauderdale, Fla. (b, c) 

Johns-Manville, 22 East 40th St, New 
York 16, N. Y. (a, b, ec, d) 

The Marlo Co. Inc., 436 Broadway, New 
York, N. Y. (b, c) 

Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. (b) 


Lawton H. Parsons Co., S. Main & But- 


ler Ave., Amber, Pa. (a, b, e) 


Pilot Packing Co. Inc., 237 Glen Cove 
Ave., Sea Cliff, N. Y. (b) 


Raybestos-Manhattan Inc., Packing Div., 
Passaic, N. J. (b, c) 
(See Ad, Page 203) 


Reliance Packing Co., 5051 Umbria, Phila- 
delphia, Pa. (b, c) 


Seal-Tite Mfg. Co. Inc., Subsidiary of At- 
las Asbestos Co., 433 Walnut St., North 
Wales, Pa. (b, c) 


Sterling Asbestos & Rubber Co., 134 W. 
52nd, New York 19, N. Y. (b, c) 





r 





HYDRAULIC PACKINGS 


THIOKOL, ACCRILOIDS, SILICONES, 
or WAX FORMULAS 


IMPREGNATED WITH 





Detailed engineering data and specification sheets furnished on request 


EXCELSIOR LEATHER WASHER MFG. CO. 


ROCKFORD 





GASKETS and WASHERS 


. cut from all types of non-metallic materials, such as: 
leather * Accopac ¢ Asbestos © Rubber «¢ Silicone 
Nylon ¢ Fibreglass © Felt ¢ Fibre @¢ Cork © Vinylite 
Tefion © Viton “A” © Mylar, etc. 


ILLINOIS (Established 1916 
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Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (a, b, c) 


Universal Packing & Gasket Co. Inc., 5200 
Clinton Drive, Houston, Tex. (b, c, j) 

The James Walker Packing Co. Inc., P.O. 
Box 75, Chicago Heights, Ill. (a, b, ¢, 
d, e, f, g, h, i, j) 


The W-G Gasket Co., 3218 No. 126th Si., 
Brookfield, Wis. (j) 


Metallic 


Abbott & Biddle, 2418 Federal, Philadel- 
phia, Pa. (b, c) 

Aero Gasket Corp., 763 Hanover Rd., Mer- 
iden, Conn. (b) 

The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. (c) 


Alox Mfg. Co., 6160 Maple Ave., St. Louis 
14, Mo. (a, c) 


American Casting & Mfg. 
Water, Brooklyn 1, N 


.. Main & 
Y. (b, h) 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. (a, b, ¢, d, e, f, g, 
h, i, i) 

Arcy Mfg. Co. Inc., 120 Beekman St., New 
York 38, N. Y. (c, e, j) 

Braiding & Packing Works of America 
ey 248 46th St., Brooklyn 20, N. Y. 
(b, c) 


A. W. Chesterton Co., 6 Ashland St., Ev- 
erett, Mass. (b, c, e) 


Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill. (a, b, e, h, i) 
(See Ad, Page 193) 


Darcoid Co., 155 Sixth Ave., New York 13, 
N. Y. (b, i) 

Durametallic Corp., 2104 Factory St., Kala- 
mazoo, Mich. (a, b, c, d, e, Ff, g, h, i) 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. (e, h) 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. (a, b, c, h, j) 
(See Ad, Page 199) 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. (a, b, e, h, i) 
(See Ad, Page 188) 


Hollow Center Packing Co., 115 S.W. 12th 
St., Fort Lauderdale, Fla. (a, b, i) 

Johns-Manville, 22 East 40th St., New 
York 16, N. Y. (a, h) 

The Marlo Co. Inc., 436 Broadway, New 
York, N. Y. (a, b, h, j) 

H. K. Metal Craft Mfg. Co., 3786 Tenth 
Ave. at 203rd St., New York 34, N. Y. 
(g) 

Pilot Packing Co. Inc., 237 Glen Cove 
Ave., Sea Cliff, N. Y. (a, b, i, j) 


Precision Piston Rings Inc., 1417 Com- 
merce St., Indianapolis, Ind. (e) 


Raybestos-Manhattan Inc., Packing Div., 
Passaic, N. J. (b, e, h, i) 


(See Ad, Page 203) 


Reliance Packing Co., 5051 Umbria, Phila- 
delphia, Pa. (b, c) 

Sterling Asbestos & Rubber Co., 134 W. 
52nd, New York 19, N. Y. (c, e) 
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Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (b, h) 


Universal Packing & Gasket Co. Inc., 5200 
“Ane Drive, Houston, Tex. (a, b, 
e, h, i) 


Universal Products, Brockton, Mass. (b) 


Metallic Inserted 


The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. (b, c, e, h) 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. (a, b, c, d, e, f, g, 
h, i, j) 

The Bausman Packing Co., 30 Light St., 
Baltimore 2, Md. (e) 


Braiding & Packing Works of America 
Inc., 248 46th St., Brooklyn 20, N. Y. 
(b, c) 

Crane Packing Co., 6400 Oakton St., Mor- 


ton Grove, Ill. (b, c, d) 
(See Ad, Page 193) 


Darcoid Co., 155 Sixth Ave, New York 
13, N. ¥. @, H 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. (b) 
(See Ad, Page 199) 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. (b) 
(See Ad, Page 188) 


Hollow Center Packing Co., 115 S.W. 
12th St., Fort Lauderdale, Fla. (a, b) 


Johns-Manville, 22 East 40th St., New 
York 16, N. Y. (a) 


The Marlo Co. Inc., 436 Broadway, New 
York, N. Y. (b) 


Pilot Packing Co. Inc., 237 Glen Cove 
Ave., Sea Cliff, N. Y. (b, i) 


Raybestos-Manhattan Inc., Packing Div., 
Passaic, N. J. (a, b, c, e, h) 
(See Ad, Page 203) 


Sterling Asbestos & Rubber Co., 134 W. 
52nd, New York 19, N. Y. (b, e, i) 


Sterling Automotive Mfg. Co., 2140 Lunt 
Ave., Elk Grove, Ill. (g) 


Plastic 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. (a, b, ¢, d, e, 
f, g, h, i, j) 


Abbott & Biddle, 2418 Federal, Philadel- 
phia, Pa. (b) 


The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. (b, j) 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. (a, b, c, d, e, £, 
g, h, i, j) 

Artus Corp., 203 S. Dean, Englewood, 
N. J. (g) 

Chemo Products Co., Warwick, R. I (a) 

Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill. (b) 

(See Ad, Page 193) 
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“The sky’s the limit? . . 


TEFLON +» SPARTA 


a good example 


_ of imaginative 


thinking by Hagan Chemicals & Controls... 


A small pneumatic power positioner that drives valves, dampers or other control 
devices with an accuracy rating of 11% has been developed by Hagan Chemicals & Controls, 
inc., of Pittsburgh. To insure longer service life, reduced replacement and maintenance costs 
and maximum reliability, Hagan specified TEFLON by SPARTA for the 3 parts shown. 


This is but one example of the unlimited possibilities of imaginative designing teamed 
with the know-how, facilities and research of Sparta Manufacturing Company. THINK of 
TEFLON by SPARTA as the possible answer to your cost, design and performance probiems . . 
then CALL on the TEFLON experts at SPARTA to analyze your requirements and make recom- 
mendations based on these studies. A full-time staff engaged in research, planning and 
engineering has constantly kept pace with the clamor for new and unique applications. 


Standard TEFLON shapes, such as tubing, rod, sheet, tape, molded billets and 
“O" rings are always available. 


Cali 4-2389 or write for detailed brochure or a visit from a sales engineer. 


manufacturing company, dover, ohio 


DIVISION OF UNITED STATES CERAMIC TILE COMPANY *Du Pont trademark for its TFE-fluorocarbon resin 
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Pistons are made in a wide 
range of sizes in bronze, 
steel, aluminum or iron. 


Our sales engineers will 
be glad to work with you 
on your designs. Write, 
wire or phone for Darcova 
service. 


DARLING VALVE & MANUFACTURING CO. 


@ Virtually no slippage—fluid or air pres- 
sure keeps cup in close contact with liner 
automatically, regardless of wear. 


@ No need for “jammed in” packing—close 
tolerance of cup (.005”) provides uniformly 
tight seal around entire perimeter. 


When you design hydraulic and pneu- 
matic mechanisms or reciprocating 
pumps, be certain of maximum per- 
formance—specify Darcova Pumcups 
and Pistons. 

Pumcups operate at full efficiency 
throughout thei eir entire life— outlast 
ordinary packings at least 3 to 1! And 
they perform equally well in air, oil, 
water, glycerine, alcohol, and other 
fluids common to hydraulic systems. 

Pumcups are available in three tex- 
tures—hard, medium and soft, in 
regular or 100% nylon composition. 
Sizes range from %%” to 20”. 


Williamsport 30, Pa. 


TRADE MARK 
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Darcoid Co., 155 Sixth Ave., New York 
13, N. Y. (6, i, j) 
John L. Dore Co., P.O. Box 7772, Houston 
7, Tex. @ if i) 
See Ad, Page 189) 


scala Corp., 2104 Factory St., Kala- 
mazoo, Mich. (a, b, ¢, d, e £ g, i, i) 


The Duriron Co., Modern Industrial Plas- 
tics Div., 3337 N. Dixie Drive, Day- 
ton, Ohio (b) 


Enflo .. Fellowship Rd. & Route 73, 
Maple Shade, N. J. (e, £, g, i) 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. (b, c, d, h, j) 
(See Ad, Page 199) 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. (b, j) 
(See Ad, Page 188) 


Hollow Center Packin . 115 S.W. 
= St., Fort Ladeise Fla. (a, b, c, 


Industrial Seals Co., Box 575, Trenton, 
N. J. (b) 


Joclin Mfg. Co., 30 Lufbery Ave., Walling- 
ford, Conn. (g, i) 


Johns-Manville, 22 East 40th St, New 
York 16, N. Y. (a, b) 


N. L. Kuehn Co., 3747 N. Booth St., Mil- 
waukee 12, Wis. (b, d) 


The Marlo Co. Inc., 436 Broadway, New 
York, N. Y. (b) 


Massasoit Co., Laurelton, N. J. (a, b, c, i) 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. (b) 


Penn Fibre & Specialty Co., 2024 E. West- 
moreland St., Philadelphia 34, Pa. (g) 


Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. (b) 
(See Ad, Page 185) 


Rains Wood-Metal Packings, W. 904 
Broadway, Spokane, Wash. (e, j) 


Raybestos-Manhatian Inc., Packing Div., 
Passaic, N. J. (a, b, ¢, d, j) 
(See Ad, Page 203) 


Reid Enterprises, 2610 E. 67th, Long 
Beach 5, Calif. (b, d, i) 


W. S. Shamban & Co., 11617 W. Jeffer- 
son Blvd., Culver City, Calif. (i) 


Sims of = my: Co. oe 1312 Park 
Ave., Hoboken, N. J. (g 


Sparta Mfg. Co., R. D. : Dover, Ohio 
b 
(See Ad, Page 195) 


Staff Die Cutting Co., 42 West 22nd St. 
New York, N. Y. (b) 


Sterling Asbestos & Rubber Co., 134 W. 
Sond New York 19, N. Y. (b, e, j) 


Synthane Corp., Oaks, Pa. (g) 


Tri-Point Plastics Inc., 175 L As Willets 
Rd., Albertson, N. Y. (b, d, h 


Universal Packing & Gasket ms Inc., 5200 
Clinton Drive, Houston, Tex. (b, e) 


Universal Products, Brockton, Mass. (b) 
Walker & Forbes Inc. Allpax Bldg., 
Mamaroneck, N. Y. (b, j) 
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GITS HH-TYPE SEAL SERIES 


— SHELL 
ADAPTER 


SEPARATOR 
SPRING 
FLAT PACKING RING 


SEAL RING GITS 
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“Oo” RING PACKING 
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WEDGE PACKING RING 
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VITON “A” 


All packings illustrated are available with new 

Viton “A” rubber compound, for highest tem- 

perature resistance and maximum resistance to 

aircraft and hydraulic fuels and lubricants. 
Circle $-44 on Page 19 


Extra Fleribility For 
Your Seal Applications! 
ONE SEAL ENVELOPE 


WITH CHOICE OF 
FIVE SEAL PACKINGS 


Use of this one standard Gits HH-type seal envelope — 
with your choice of the five seal packing arrangements 
illustrated at left — permits effective sealing (in the same 
seal cavity) over the widest possible range of operating 
conditions. And all these Gits Shaft Seals meet standard 
minimum space requirements. 


Standard metal parts are stainless steel, except when 
the Gits Engineering Department recommends other 
materials to suit specific applications 


A sealing and packing members are engineered of 
iproper materials to suit the operating conditions of 
each individual application 


Gits maintains the most complete facilities for design, 
engineering, research, development and testing, as 
well as the most modern manufacturing equipment. 
The Gits Engineering Department, with almost half a 
century of experience, has the know-how to blend 
proper materials with outstanding design, to make 
seals work better for you. Send for full information 


GITS BROS. MFG. Co. 
1868A South Kilbourn Avenue ¢® Chicago 23, Illinois 


NEW! cits engineering advancement practically 
eliminates hysteresis or drag. Write for full details. 
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SEALS for Every Requirement! 


KAPSEALS® 

















cue vauet 
— KAPSEAL 
@ TOP SEALING EFFICIENCY 


@ HIGH DENSITY @ WEAR RESISTANT @ CUSTOM COMPOUNDS LONG LIFE LOW FRICTION SEALING 
INJECTION MOLDED O-RINGS 


- ++ give better service in any application The KAPSEAL® is a Teflon® boot which is used 


; in combination with a standard O-Ring to give 
Minnesota Rubber injection molded O-rings always perform superior sealing performance and eliminate breakout 
more efficiently and have a longer service life than ordinary friction. It comes in two styles, KIN and KEX. 
O-rings because they do not have any variations in cross- KIN is used in applications when the ID of the seal 
sectional thickness is the sealing surface, while KEX is used when the 

In addition, the higher, more uniform density of rubber OD is the sealing surface. 

makes them highly resistant to chemicals and wear duc A seal of this nature was needed for applications 
to abrasion which involved long periods of time on stand-by or 
in storage, as well as applications requiring continu- 
ous, non-failing operation. Tests lasting over 4 mil- 
lion cycles give a good indication of the KAPSEAL’s 
potential. 


MR O-rings can be furnished out of the economical, yet 
durable industrial standard compound 366Y, or if your applica- 
tion requires it, Minnesota Rubber engincers will come up with 
a customized compound that exactly fits your needs. 


& PROTOTYPES 
by KOTOKASYT _ 


The MR QUAD-RING \ 


gives superior sealing per- 


- 
jf @ 
/ 


formance in hydraulic and 
pneumatic applications, 
either static or dynamic. 
The four lipped design 
prevents the rolling effect 
found with O-rings, there- 
by eliminating the common 
spiral twist failure. This 
exclusive design features 


\ four flexible sealing lips and HIGH QUALITY, ECONOMICAL 
ereanen ’ permits installation with , PROTOTYPE RUBBER PARTS 


SEALING UNDER less squeeze, reducing fric- 

ALL CONDITIONS tion, breakout force and CLOSE TOLERANCES Tolerances are identical with those 
oy a wear. QUAD-RINGS can that will be found on standard production parts. 

Tost PALURE ' be made out of rubber FAST SERVICE — Usually it will take only hours from the time 
@rour compounds which exactly the order is received to produce twelve prototype parts 
FLEXIBLE SEAL match the application. You using Prototypes by Koroxkast. 

pod pte can be sure of positive seal- ECONOMY This is the most economical method of pro- 
INSTALLATION ing when you use QUAD- ducing prototype parts there ws. 

@HIGH DENSITY @RUBBER COM. RING SEALS in all your NO LIMITATION.-_Prototypes by KoroxKast has been suc- 
INJECTION POUNDS TO FIT 4 cessfully applied to a wide variety of designs ranging 


MOLDED APPLICATION installations from a simple washer to intricate molded parts 


FOR MORE INFORMATION ON... 


“ WRITE 


QUAD RINGS®. . . KAPSEALS®... 
O-RINGS OR PROTOTYPES BY KOTOKAST DEPARTMENT 859 « 3630 WOODDALE AVENUE 


MINNEAPOLIS 16, MINNESOTA 
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ENGINEERED 
PRODUCTS 

for Hydraulic, Pneumatic 
Service 


Garlock “U” Cup and “V” Ring Packings (top) provide tight 
sealing, help increase efficiency of famous Tomkins-Johnson 
“Spacemaker” cylinders. Garlock molded cups (bottom left) 
and CHEVRON* Packings are also specified for air and hydraulic 
cylinders, 


F—PACKINGS 


Tomkins-Johnson standardizes on Gar- 
lock “U” Cup and “V” Ring Packings for 
their famous “Spacemaker” air and 
hydraulic cylinders. 

On a wide variety of “Spacemaker” 
applications, Garlock packings provide 
leak-proof service against air, water, 
and hydraulic fluids at temperatures to 
250°F, pressures to 1000 p.s.i. Tomkins- 
Johnson specifies Garlock products 
because of their greater flexibility, 
minimum friction, and resistance to 
sudden shock loads. 

Garlock “U" Cup Packings are specially 
designed for proper fit against the 
cylinder wall—this prolongs service 
life to a maximum. Available in 
several materials and designed to JIC 
standards, the cups are applied on 
diameters ranging from 1” through 
14”. Flexible and resilient Garlock ““V” 
Ring Packings respond quickly to low 
gland and fluid pressures, offer posi- 
tive, low friction sealing at all pres- 
sures. Available in various materials 
and sizes. 

Enjoy the same advantages that Tom- 
kins-Johnson does—standardize on 
Garlock hydraulic-pneumatic packings. 
Garlock’s complete line also includes 
widely-used CHEVRON* Packings with 
an exclusive hinge-like construction 
that “rides” with the pressure... 
tightens as pressures increase, eases 
off as they decline . . . results in posi- 
tive sealing with little friction. Garlock 
Molded Cups provide maximum effi- 
ciency in sealing air and hydraulic 
cylinders over a wide range of serv- 
ice conditions. 

For more information, call your local 
Garlock representative at the nearest 
of our 26 sales offices and warehouses 
throughout the U.S. and Canada. Or, 
write for Catalogs AD-163 (“U” Cup 


GA RLO CC HK 
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Packings) and AD-115 (CHEVRON 
Packings). Garlock Inc., Palmyra, 
New York. 

Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket 
Company 

Order from Garlock 2,000 ... two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products 

*Registered Trademark 





Why ACADIA 


LAT 


Tit Tti tt 


SYNTHETIC 
RUBBER SEALS 


can save you money in 
STATIC or MOVING 
seal applications 


eeeceqeerr 
Seeeeeaene 





This seal will save 
you money with no 
performance sacri- 
fice. Minimum 
tooling cost, no Acadia Synthetic Rubber 
molds, no costly Parts are of the highest qual- 
mowpen vance Te Cn te ity components, processed for 
O-RING SEAL ates ae : =< ” oil resistance, good aging pro- 
ray perties, resistance to heat. They 
can be furnished in any dimension 
or special compound you desire to 
precision tolerances. They are another 
example of Acadia’s ability to SAVE 
YOU MORE..SERVE YOU BETTER. 








. - a There’s an Acadia Sales engineer near 
a cae hel Wo you to serve you. Write us today, and 
ot” PRODUCTS we'll put him in touch with you 


immediately. 
DIVISION OF WESTERN FELT WORKS 
Dept. L, 4139 West Ogden Avenve, Chicago 23, Ill. 
Branch Offices in Principal Cities 


MANUFACTURERS AND CUTTERS OF WOOL FELT 
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Gjoucu TON CYLINDER PACKINGS 


tips on selecting 
packing materials and forms 


The all-purpose hydraulic-pneumatic 
packing—if one can be found—is a 
distant dream. A multi-purpose cup 
introduced by Houghton last year 
brought us closer but varying condi- 
tions still call for materials and forms 
with special characteristics. 

To help you to simplify packing 
selection, at least to a degree, we list 
here some of the variables — and 
limitations—of different packing 
styles and materials. Houghton is 
uniquely equipped to do this in that 
we favor no one type over another. 
We make them all—and a full range 
of hydraulic fluids as well. 


Fabricated Packings (V’s, U’s, 
Cups, Flange, Diaphragms). These 
fabric-and-rubber packings operate 
over a wide temperature area from 
—40°F. to 600°F., depending on 
the material. 





MAX. 
TEMP. 


250°F. 


MEDIUM 
Water, oil, 
air 


MATERIAL 


Duck & 
Neoprene 





U-Packings are never used in sets. 
Maximum operating pressure is 
slightly under 3000 psi., and their 
chief advantage is low friction and 
small space requirements. 


U U 


Fabricated Cup Packings can with- 
stand up to approximately 3000 psi. 
and are used in a variety of hydraulic 
and pneumatic systems. 

Homogeneous Packings (V’s, O- 
Rings, U-Cups, Cups, Diaphragms, 
Gaskets, Moulded Parts). Unlike 
fabricated packings, homogeneous 
seals require fine metal finishes and 
minimum machined clearances. 
Temperature range is from sub-zero 
(usually — 65°F.) to 250°F. (Viton: 
450°F.) and pressure is generally 
limited to 5000 psi. for V’s and 
O-Rings. 

Homogeneous “V” packings are 
used in sets with adapters to meet 
varying pressures: 





0-500 psi. 
500-1500 psi. 
1500-3000 psi. 
3000-5000 psi. 


3 packings 
4 packings 
5 packings 
6 packings 














Duck & 
Butyl 

Asbestos & 
Neoprene 

Asbestos & 
Rubber 


Phosphate ° 
esters 250°F. 





Oils, air 300°F. 





Steam 600°F. 





Fabricated Packings are used 
chiefly on heavy industrial equip- 
ment with common metal finishes 
and average machine clearances. 
They operate successfully in alkali 
and acid conditions and the V’s at 
pressures up to 10,000 psi. 

V-Packings — the most popular 
and generally the most efficient fab- 
ricated type—are installed in sets to 
meet varying pressures: 





0-500 psi. 3 packings/set 
500-3000 psi. 4 packings /set 
3000-5000 psi. 5 packings /set 
5000-10,000 psi. 6 packings /set 
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Homogeneous U-Cups are basi- 
cally low pressure packings (less than 
1500 psi.) and are not recommended 
for pressures above 3000 psi., or 
temperatures above 250°F. (Viton: 
450°F.). 





Homogeneous O-Rings are used 
primarily for reciprocating motion. 
They can be used for oscillating and 
rotary motion only at low speeds and 
pressures. A back-up washer is rec- 
ommended for pressures above 1500 
psi. Maximum operating tempera- 
ture is about 250°F. (Viton: 450°F.). 


Leather Packings (V's, U’s, Cups, 
Flange). Leather packings are ideal 
for heavy duty applications where 
long wear is a “must”. Operating 
temperatures, however, should not 
exceed 200°F. and leather should 
not be subjected to strong acid or 
alkali solutions. 

The great strength of the fiber 
structure and the anti-extrusion prop- 
erties of leather are indicated by 
leather U’s which have held pressures 
up to 140,000 psi. 


Sets of Leather V’s will outlast and 
outperform all other types and can 
withstand pressures over 50,000 psi. 


0-500 psi. 3 packings 
500-5000 psi. 4 packings 
5000-10,000 psi. 5 packings 
10,000 and over 6 packings 


The Houghton Line of VIX-SYN 
homogeneous and fabricated pack- 
ings and VIM leather packings will 
meet most any combination of criti- 
cal and variable conditions that dic- 
tate packing selection. Detailed 
information on the selection, design 
and performance of all types are 
available through your Houghton 
representative. Call him or write: 
E. F. Houghton & Co., 303 W. Le- 
high Avenue, Philadelphia 33, Pa. 




















@ Houghton 


‘NOUSTRY's pARTNE 
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CUPS, “U's,” ““V's”’ and FLANGES 


PAGE LEATHER PACKINGS ARE 
MADE SPECIFICALLY TO WORK 
PROPERLY IN YOUR 
APPLICATION 





We have at our disposal a ber of 
leather tannages as well as a wide 
variety of impregnations or coatings. 
The right combination of these leathers 
and treatments can be utilized to best 
suit your needs for leather packings. 
There are many advantages of leather 


packings over other types. 











SOME ADVANTAGES ARE: 


Lower coefficient of friction. 

Will not readily cold flow. 

Low in first cost. 

Suitable for wide range of pressures. 

Will not score or abrade. 

Adaptable to wider range of oil types. 
Permits greater metal clearances. 

Can be stored indefinitely. 

Is not affected by sub-zero temperatures. 


if it is ovr opinion that your packing problem can not bes 
be solved with leather—we will be the first to tell you. 


es 


Diagrammatic drawing above shows oa cross-section of fresh steer hide. The 


inserted circles represent structures under higher magnification to give more detail. 


Packings that are subjected to 
severe applications are generally 
made from steer hide. Cups 
illustrated at the left are specifi- 
cally designed for use in Hydraulic 
Jacks operated or tested at 15,000 
P.S.1. 


PAGE BELTING CO. 


CONCORD, NEW HAMPSHIRE 
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PRECISION 


RUBBER COMPONENTS 


PACKING 
MECHANICAL SEALS 
STATIC SEALS 
LARGE “O" RING SEALS 
DIAPHRAGMS 
VIBRATION ISOLATORS 
GASKETS 
RUBBER-METAL BONDING 
BELLOWS 


Write for Descriptive Brochure 


illustrating a wide voriety of precision-type parts custom molded to specifi- 
cation from notura! rubber, Buno-S, Buna-N, Neoprene, Adiprene, Butyl, Thiokol, 
Hypaion, Viton, Silicone, anc many other synthetic rubbers. it describes the 
basic requirements necessary for the design of rubber components to achieve 
maximum efficiency and extremely long life. Also included is a valuable ref- 
erence table showing the comporative merits of rubber compounds under mony 
different service conditions. 


APEX MOLDED PRODUCTS Co. 


RUTH AND VENANGC STS. PHILADELPHIA 34, PA. 
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NOW-Increase 0-Ring Life, and Reduce 
Costs with 


The only contoured and cevtimucus back-up ring... 
simplified, easy-to-assemble, resists higher pressures! 


TYME AL GH PRESUME APPL AON 








Here’s the first really new 
back-up ring in years . . . 

Test after test, both in the field 
and laboratory, proved that 
Parbaks* greatly increase 
O-ring life. In addition Parbaks* 
improve lubrication, are easy to 
assemble, and resist higher 
pressures — yet they actually 
cost less than back-up rings 

for similar useage! 


Get more facts about 
these unique rings, now. 
Send for catalog 5482. 








RAO Maan 


Parker SEAL COMPANY 
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Designers think of R/M first for packings 





R/M CAPABILITY 


develops valve stem packings for temperatures above 1000°F 


valve stem packings for industry is Teflon*-impregnated 
asbestos valve rings for low-cost general service. 


A good example of R/M capability at work is the de- 
velopment of valve stem packings for service on lines 
handling superheated steam, hot gases and oils. R/M 
No. 325—made by braiding AAA grade Inconel wire 
inserted asbestos yarns over a plastic core—is typical. 
The core contains pure, long-fiber asbestos, graphite and 
other ingredients. All organic materials which tend to 
carbonize and become a solid mass at high temperatures 
have been eliminated. This reduces volume loss to a 
minimum and also reduces adjustments. 


An inhibitor—compounded into the packing—combats 
corrosion encountered after valves are hydrostatically 
tested and stored. Corrosion resistors are also incor- 
porated to help give long service life. Packings are avail- 
able with and without surface graphite. 


Another example of R/M capability in developing 
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R/M makes a complete line of mechanical packings and 
gasket materials. Whether you are designing pumps, com- 
pressors, expansion joints, valves, rams, accumulators, hy- 
drauvlic and pneumatic equipment, or any other product that 
takes packing—you can rely on R/M capability to meet your 
every requirement. 


For complete information on R/M Mechanical Packings 
and Gasket Materials, write for new Catalog P-100-S. 
Packing Division, Raybestos-Manhattan, Inc., Passaic, N.J. 


For information on R/M Gasket Materials, see Page 225. 
*Registered trademark for Du Pont fluorocarbon resins 


RAYBESTOS-MANHATTAN, INC. 


PW PACKINGS 


PACKING DIVISION, PASSAIC, N.J. 
MECHANICAL PACKINGS AND GASKET MATERIALS 
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PRODUCT DIRECTORY 


| IF YOU BUY OR SPECIFY O-RINGS 


- YOU NEED THIS 
BROCHURE ow 


| bbe: 


TETRASEALS* 


109 438 


“NI 


— 





Meet extreme conditions, deliver long service life 


| C/R Sirvis Leather U, Vee, Cup and 
Flange packings can seal depend- 
ably up to 10,000 psi; others will stay 
flexible at —100°F.; specials for use 
| at —300°F. Stable in oil, water, sol- 
vents such as toluol and trichior- 
ethylene. Request Size List LMC-1. 
C/R Block Vee packings seal better, 
cost less, are easily assembled on 
hydraulic, pneumatic pistons or 
rods. More compact, perform effi- 


ciently at higher psi than U pack- 
ings. Molded of a wide range of 
temperature and chemically resist- 
ant elastomers. Request Catalog 
No. BV-60. 

C/R O-Rings are available conform- 
ing to many MIL AMS, SAE-ASTM 
specifications. Silicone rubbers and 
other compounds are available for 
critical or unusual conditions. Write 
for Bulletin OR-57. 


1221 Elston Avenue « Chicago 22, lilinois 
in Canada: Chicago Rawhide Mig. Co. Ltd., Brantford, Ont 
Export Sales: Geon International Corp., Great Neck, New York 
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“WHATS THAT 
ABOUT VITON 
O-RINGS?” 


“Well, sir it’s this — 


This 12-page brochure presents the story of the 
GRC Tetrasea’ . . . designed for direct o-ring 
substitution in most static, and some dynamic 
applications. Interchangeable with o-rings, size 
for size from ‘«" up to 15” ID, Tetraseals use 

the same groove as an o-ring, hold extremely | _— 

close tolerances on cross section, ID and OD, a eee 
and ore made without joints or laminations. . 3. A Viton Design Handbook with consider- 
What's more, they offer money-saving advan- a a 
toges, in most cases. 


“Parker Seal Company has pioneered in re- 
search, developing and engineering Viton 
O-Rings. This responsible leadership in O-Ring 
engineering enables them to offer these firsts 
in Viton: 


1. All AN (ARP) sizes as stondords no charge 
for tooling, faster delivery, proved and tested 





4. Uttle or no lead time, even on “exotic” 
compounds developed for special applications.” 
Write for catalog 5711. 
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rker SEAL. COMPANY 


Culver City, California and Cleveland, Ohio 


A OFVIRIOM OF PARNER HAN MUFIN CORPORATION 
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‘ ASKETS are made of relatively soft material, compared to flange mating 
surfaces, and effect a seal by deforming and filling surface ir- 
regularities. Since a gasket compensates for irregularities in joined rigid 
members of an assembly, all gasket materials have the common character- 
istic of deforming, or compacting, under compression loads. For low pres- 
sures, gaskets made of soft materials, such as cork, rubber and asbestos are 
used. For high pressures, and under severe conditions, metallic or combina- 
tion gaskets are used. In this section, gaskets have been grouped into two 
categories: Nonmetallic and metallic. In each of these categories, manu- 
facturers are classified by the various materials used. Each manufacturer is 
coded according to the type of construction that is available for a gasket of 


a given material. 


RSS 
as . 
a. Serrated: Serrated or grooved flat gasket. 
Used when a solid gasket is required be- 
cause of pressure (radial strength), tem- 
perature, or the highly corrosive attack 


f the confined fluid, and bolting force 
not sufficient to seal a flat gasket. 


b. Corrugated: Consists of thin material, 
orrugated or with embossed concentric 
rings. They are used plain, coated with 
gasket compound, or with asbestos cord 
emented in the corrugations. 


IMIWG WX 
c. Corrugated with Asbestos Insert: Es 


sentially two corrugated sheets with as- 
bestos insert between them. 


CFEC) 


d. Corrugated Jacketed: 


Filler complete 


January 19, 196) 


ly enclosed. Jacket corrugated to increase 
its resilience. Sealing ability better than 
other types because of corrugations. 


e. Corrugated Jacketed with Metal Insert: 
Same as corrugated jacketed except with 
corrugated metal filler instead of asbestos. 
Temperature limited only by metal se- 
lected. 








f. Metal Jacketed with Soft Insert: Con- 
sists of soft compressible filler partially 
or wholly encased in a jacket. These 
gaskets are more compressible than cor- 
rugated types. They offer better compen- 
sation for flange irregularities when high- 
er pressures are to be sealed. 





= a. 





g. Flat Gaskets: Plain, solid, flat gasket. 
Probably more widely used than any 
other type where compressibility is not 
required to compensate for flange sur- 
face finish, warpage or misalignment, and 
sufficient clamping force is available for 
the metal selected. 


> 


h. Folded Gaskets: Consists of sheet of 
material folded over. 


O ae 


i. Metallic O-Ring: Basically a hollow, 
doughnut shaped, metallic O-Ring. These 
gaskets have a natural resiliency resem- 
bling rubber, but without the critical tem- 
perature limitation. 








j. Spiral Wound: Consists of V-shaped, 
preformed plies of material, wound up in 
a spiral with soft separation, such as as- 
paper. The V-shape provides 
unique, springlike characteristics. 


hestos 


Nonmetallic Gaskets 


here are a wide variety of nonmetallic 
gasket materials available. In general, 
nonmetallic materials with a high per- 
centage of compression under joint load- 
ing are used for low-pressure applications. 
In this category, the most common com- 
positions have been grouped into seven 
classifications, and manufacturers listed 
accordingly. 


Elastomer 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. (a, b, c, d, f, g, 
i, j) 

Acme Specialties Inc., 4326 N. American, 
Philadelphia 40, Pa. (¢) 


Aero Gasket Corp., 763 Hanover Rd., 
Meriden, Conn. (g) 


Airconductors, 367 Alondra, Gardena 


Calif. (g, i) 


Airex Rubber Products Corp., P. O. Bo 
247, Portland, Conn. (g) 


The Alan Packing & Rubber Co., 1295 
Parsons Court, Cleveland 16, Ohio 


(g, i) 


The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. (a, g, i) 


American Biltrite Rubber Co., Boston 
Woven Hose & Rubber Div., P. O. Box 
1071, Boston 3, Mass. (g) 


American Felt Co., Glenville, Conn. (g) 


Ape Molded Products Co., 3576 Ruth 
Philadelphia, Pa. (g, i) 


Arcy Mfg. Co. Inc., 120 Beekman St., 
New York 38, N. Y. (g) 
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Armstrong Cork Co., Liberty & Charlott 
Sts., Lancaster, Pa. (g) 
(See Ad, Page 209, 220) 


Associated Industries, 1752 Rainier Ave., 
Seattle, Wash. (a, b, c, d, e, f, g, h, 
i, j) 

Atlantic India Rubber Works Inc. 57! 
West Polk St., Chic ago 7, Ill (g, i) 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, g, i) 
(See Ad, Page 226) 


Bacon Industries Inc., 192 Pleasant St., 
Watertown 72, Mass. (i) 


K. Wm. Beach Mfg. Co., Beath Bidg., 
2727 Columbus, Springfield, Ohio (g, i) 


Beacon Rubber Co., | Hudson St.. New 
York 13, N. Y. @) 
Beaverite Products Inc., Beaver Falls, 

N. Y. (g) 


The Belko Corp., Railroad & Union Ave., 
Kingsville, Md. (g, i) 


4. B. Boyd Co., 1235 Howard St., San 
Francisco 3, Calif. (g) 


The Breiner Co. Inc.. 2820 Barnes Ave., 
Indianapolis 23, Ind. (g, i) 


The Chardon Rubber Co., Subsidiary ol 
Ball Bros. Co. Inc., Sixth & Washing 
ton Aves., Chardon, Ohio (a, b, e, f, 
g, i) 

Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. (a, g, h, i) 


The Connecticut Hard Rubber Co., 407 
East St.. New Haven 9, Conn. (e, i) 
(See Ad, Page 219) 


C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. (g) 


Crane Packing Co., 6400 Oakton St., Mor 
ton Grove, Ill. (g, i) 


Detroit Gasket & Mfg. Co., 12640 Burt 
Rd., Detroit 23, Mich. (g, i) 
Disogrin Industries Inc. 510 S. Fulton 


Ave., Mount Vernon, N. Y. (g) 


Duroyd Gasket Mfg. Co., 1830 Amsterdan 
Ave.. New York, N. Y. (g) 


Enduro Rubber Co., 585 S 
Ravenna, Ohio (i) 


Chestnut 


Engineered Rubber Products Co. 175) 
Copley Rd., Akron, Ohio (a, g. i) 


Excelsior Leather Washer Mfg. Co., 720 

Chestnut St., Rockford, Ill. (g, i) 
Faul & Timmins Inc. 699 Seneca, 
Bulfalo, N. Y. (g) 


Felt Products Mfg. Co., 7450 N. Mi 
Cormick Blvd., Chicago 80, Ill. (a, g, i) 


Fournier Rubber & Supply Co. Inc. 459 
N. High, Columbus 15, Ohio (g) 


Garlock Packing Co., 402 Main St., Pal 
myra, N. Y. (g, i) 
(See Ad, Page 223) 
Gasket Products Inc. 1145 N. Main, 
Wichita, Kans. (g, i) 





General Asbestos Gasket Mig. Corp., 1721 
So. Seventh Ave., St. Louis, Mo. (g, i) 


The B. F. Goodrich Co., 413 Derby Place, 
Shelton, Conn. (g) 


Goodyear Tire & Rubber Co., 1144 E. 
Market St., Akron 16, Ohio (g) 


Goshen Die Cutting Service, 708 Emer- 
son Ave., Goshen, Ind. (g) 


Goshen Rubber Co. Inc., 1525 South 
Tenth, Goshen, Ind. (g, i) 


Great American Industries Inc., Rubatex 
Div., Bedford, Va. (g) 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. (g) 


Gulf Belting & Gasket Co., 1818 Caron- 
delet, New Orleans 12, La. (g, i) 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. (a, b, e, f, g, h, i, 


Haveg Industries, Taunton Div., 356 
Weir St., Taunton, Mass. (a, f, g, i) 


Hawthorne Rubber Mfg. Corp., 33 Fourth 
Ave., Hawthorne, N. J. (g) 


Hercules Packing Corp., 327 Washington 

St., Buffalo 3, N. Y. (a, f, g, h, i) 
Hewitt-Robins Inc., 240 Kensington, 
Buffalo, N. Y. (g, i) 


Hohwieler Rubber Co. Inc., 32 W. Bridge 
St.. Morrisville, Pa. (i) 


Hollow Center Packing Co., 115 S. W 
12th St., Fort Lauderdale, Fla. (g) 


Huntington Rubber Mills, 7100 S. W. 
MacAdam, Portland, Ore. (a, b, g) 


Hydraulic Packings Co., 2114 Fourth Ave 
S., Minneapolis 4, Minn. (g) 


Industrial Gasket Co., 3404 Louisiana Ave. 
S., Minneapolis 26, Minn. (g) 


Industrial Rubber Works Inc., 312 W. 
Chestnut St., Chicago 10, Ill. (a, g) 


Johns-Manville, 22 East 40th St., New 
York 16, N. Y. (a, b, c, d, f 
(See Ad, Page 227) 


J. O. King Inc., 1341 Spring St. N. W.. 
Atlanta 9, Ga. (g, i) 


N. L. Kuehn Co., 3747 N. Booth St., 
Milwaukee 12, Wis. (g, i) 


Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (g, i) 


Mechanical Rubber Products Co., War- 
wick, N. Y. (a, g, i) 


Miller Gasket Mfg. Co. Inc., 2113 E. 
Florence Ave., Huntington Park, Calif. 
(g. i) 


Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. (a, b, g, i) 


Irving B. Moore Corp., 65 High, Boston, 
Mass. (g) 


Moxness Products Inc., 20th St. & Indiana 
Ave., Racine, Wis. (a, g) 


Mueller Belting & Specialty Co., 27 S. 
Van Brunt, Englewood, N. J. (g) 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 
(g. i) 


Nichols Engineering Inc., 1000 Old Strat- 
ford Rd., Shelton, Conn. (i) 


Pacific Moulded Products, 905 E. 59th St., 
Los Angeles, Calif. a. g, h) 
(See Ad, Page 226) 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


(g. i) 


Packing Supply Co., 2620 South 2nd West, 
Salt Lake City 15, Utah (g, i) 


Page Belting Co., Eastman St., Concord, 
N. H. (g) 


Paragon Rubber Corp., 200 Pleasant, East 
hampton, Mass. (a, b, c, d, e, f, g, h, i, j) 


Parker Seal Co., 10567 Jefferson Blvd., 
Culver City, Calif. (i) 
(See Ad, Page 217, 226) 


Paul-Martin Rubber Corp., Dwight & 
Front Sts., Holyoke, Mass. (g, i) 


B. G. Peck Co., Lawrence, Mass. (g) 


Pilot Packing Co. Inc., 237 Glen Cove 
Ave., Sea Cliff, N. Y. (a, g, i) 


Plastic & Rubber Products Co., 2100 Hyde 
Park Blvd.. Los Angeles 47, Calif. 
(a, g, i) 


Ponn Machine Cutting Co., 5! Kelvin, 

Everett, Mass. (g, i) 
Precision Gasket Co., 619 E. Excelsior 
Blvd., Hopkins, Minn. (g) 


Precision Gasket Corp., Box 182, Man 
chester, Mo. (g) 


Precision Piston Rings Inc., 1417 Com- 
merce St., Indianapolis, Ind. (i) 


Precision Rubber Products Corp., 3110 
Oakridge Drive, Dayton 4, Ohio (i) 


Prince Rubber & Plastics Co. Inc., Station 
B, Buffalo, N. Y. (a, g, i) 


Quality Gasket & Mfg. Co. Inc., 21060 
Coolidge, Oak Park, Mich. (g, i) 


Raybestos-Manhattan Inc., Packing Div., 
Passaic, N. J. (Ef, g, i) 
(See Ad, Page 225) 


Reeves Bros. Inc., 1071 Ave. of the Amer 
icas, New York 18, N. Y. (g) 


Rhopac Inc., 3425 Cleveland St., Skokie, 
ill. (g, i) 
Rogers Corp., Mill St., Rogers, Conn. 
(g, h, i) 
(See Ad, Page 222) 


Rubber Right Products, 5049 W. Lake, 
Chicago, Ill. (f, g, i) 


Rubberhide Co., 493 Whitehead Rd., 
Trenton, N. J. (g) 
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Russell Gasket Co., 7424 Bessemer Ave., 
Cleveland 27, Ohio (g, i) 
(See Ad, Page 226) 


The Ryan & Hart Co., 414 Ashe St., 
Johnson City, Tenn. (g) 


Southern Rubber Co. Inc., 360 S. Ashe, 
Greensboro, N. C. (g, i) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (g, i) 


Stevens Asbestos Products Co., 
Trenton, Tulsa, Okla. (g, i) 


Stillman Rubber Co., 5813 Marilyn Ave., 
Culver City, Calif. (i) 

Technical Rubber & Plastic Co., 350 Sher- 
mar. Ave., Orange, N. J. (£, g, i) 


Universal Packing & Gasket Co. Inc., 5200 
Clinton Drive, Houston, Tex. (g, h, i) 
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Universal Products, Brockton, Mass. (g, i) 


Vacuum Research Co., 420 Market St., San 
Francisco 11, Calif. (i) 

Vapor Heating Corp., Roth Rubber Co. 
Div., 1860 S. 54th St., Cicero 50, Ill. 
(f, g. i 


Vernay Lab Inc., S. College & Antioch, 
Yellow Springs, Ohio (g, i) 


Victor Mfg. & Gasket Co., 5750 Roose- 
velt Rd., Chicago 90, Ill. (e, £, g, i) 


317 Barclay Bldg., 


Voss Engineering Inc., 
Bala-Cynwyd, Pa. 


One Belmont Ave., 
(g) 


West American Rubber Co., 400 N. Ave. 
19, Los Angeles 31, Calif. (g, i) 


Western Felt Works, Acadia Synthetic 


Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. (g) 

Westinghouse Air Brake Co., Industrial 
Products Div., P. O. Box 36, Wilmer- 
ding, Pa. (g, i) 

The W-G Gasket Co., 3218 No. 126th St., 
Brookfield, Wis. (g, i) 


R. N. Williams Paper Co., 
St., St. Louis, Mo. (g) 
Wisconsin Gasket & Mfg. Co., Granville, 

Wis. (g) 
Yates Co., 2211 Peninsula Drive, Erie, Pa. 


(a, b, g, i) 


934 N. First 


Plastic 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. (a, b, c, d, f, 
g, i, j) 

Accurate Felt & Gasket Mfg. Co., 1016 S. 
California Ave., Chicago 12, Ill. (a, g) 


Ace Gasket Co., 1441-43 Webster Ave., 
New York, N. Y. (g) 


Acme —— Inc., 4326 N. American, 


Phila 


Airconductors, 367 
Calif. (g, i) 

The Alan Packing & Rubber Co., 1295 
Parsons Court, Cleveland 16, Ohio (g, i) 


The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. (a, g, i) 


lphia 40, Pa. (g) 


Alondra, Gardena, 
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Alox Mig. Co., 6160 Maple Ave., St. Louis 
14, Mo. (g) 


American Metallic Packing Co., 298 Daw- 
son, Glenfield, Pa. (i) 


Arcy Mfg. Co. Inc., 120 Beekman St., New 
York 38, N. Y. (g) 


Artus Corp., 203 S. Dean, 
N. J. () 

Asbesto Corp., 49 Ackerman St., 
field, N. J. (g, i) 


Associated Industries, 1752 Rainier Ave., 
Seattle, Wash. (a, b, c, d, e, £, g, h, i, j) 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, g, i) 
(See Ad, Page 226) 


K. Wm. Beach Mfg. Co., Beach Bldg., 2727 
Columbus, Springfield, Ohio (g, i) 


Beacon Rubber Co., | Hudson St., New 
York 13, N. Y. (g) 

A. B. Boyd Co., 1235 Howard St., San 
Francisco 3, Calif. (g) 


The Breiner Co. Inc., 2820 Barnes Ave., 
Indianapolis 23, Ind. (g, i) 


Chemo Products Co., Warwick, R. I. (g) 


Chicago Gasket Co., 1271 W. North Ave., 
Chicago 22, Ill. (a, f, g, h,. i) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (g, i) 


Colonial Kolonite Co., 2232 W. Armitage 
Ave., Chicago 47, Ill. (g) 


C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. (g) 


Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill. (f, g, i) 


Detroit Gasket & Mfg. Co., 12640 Burt 
Rd., Detroit 23, Mich. (g) 


Dixon Corp., 19-21 Burnside St., 
R. L q, i) 

John L. Dore Co., P. O. Box 7772, Hous- 
ton 7, Tex. (e, f, g, h, i) 

The Duriron Co., Modern Industrial Plas- 
tics Div., 3337 N. Dixie Drive, Dayton, 
Ohio (a, e, f, g, i) 


Duroyd Gasket Mfg. Co., 1830 Amster- 
dam Ave., New York, N. Y. (g) 


Emerson Plastics Corp., 1383 Seabury Ave., 
Bronx 61, N. Y. (a, g, i) 


Enflo Corp., Fellowship Rd. & Route 73, 
Maple Shade, N. J. (a, b, d, e, £, g, h, 
i, iD 

Excelsior Leather Washer Mfg. Co., 720 
Chestnut St., Rockford, Ill. (g, i) 


699 Seneca, Buf- 


Englewood, 


Bloom- 


Bristol, 


Faul & Timmins Inc., 
falo, N. Y. (g) 


Felters Co., 210 South St., 
Mass. (g, i) 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. (j) 
(See Ad, Page 223) 


Boston 11, 


Gasket Mfg. Co., 319 W. 17th St., Los 


Angeles, Calif. (g, i) 


Gasket Products Inc. 1145 N. Main, 


Wichita, Kans. (g, i) 


General Asbestos Gasket Mfg. Corp., 1721 
So. Seventh Ave., St. Louis, Mo. (g, i) 


Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. (g, i) 

Goshen Die vey Sg io’ 708 Emer- 
son Ave., Goshen, Ind 

Gulf Belting & Gasket o 1818 Caron- 
delet, New Orleans 12, La. (g, i) 


Halogen Insulator & Seal Corp., 9960 Pa- 
cific Ave., Franklin Park, Fit (f, g, i) 


Haveg Industries, Taunton Div., 336 Weir 
St., Taunton, Mass. (i) 


Henlopen Mfg. Co. _ 176-178 Cook, 
Brooklyn, N Y. @, iD 


Hercules Packing -_, 327 Washing- 
ton St., Buffalo 3, ae f, g, i) 


Higbee Rubber Co. Inc., 102 Headson 
Drive, Syracuse, N. Y. (g, i) 


Hollow Center Packing Co., 115 S.W. 12th 
St., Fort Lauderdale, Fla. (g) 


Hunter Sales Corp., Hunter Bldg., 311 
Cypress Way, Pittsburgh 28, Pa. (g, i) 


Hydraulic Packings Co., 2114 Fourth Ave. 
S., Minneapolis 4, Minn. (g) 


Industrial Gasket Co., 3404 Louisiana Ave. 
S., Minneapolis 26, Minn. (g) 

Joclin Mfg. Co., 30 Lufbery Ave., Wal- 
lingford, Conn. (g, i, j) 

J. O. King Inc., 1341 Spring St. N. W., 
Atlanta 9, Ga. (g, i) 


N. L. Kuehn Co., 3747 N. Booth St., Mil- 
waukee 12, Wis. (g, i) 


Lamons Metal Gasket Co., 3600 Canal 
St.. P. O. Box 947, Houston 1, Tex. 


(g, i) 


Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (g, i) 


Miller Gasket Mfg. Co. Inc., 2113 E. Flor- 
ence Ave., Huntingdon Park, Calif. 


(g, i) 


Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. (g) 


Irving B. Moore Corp., 65 High, Boston, 
Mass. (g) 


Mueller Belting & Specialty Co., 27 S. 
Van Brunt, Englewood, N. J. (g) 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 


(g, i) 
National Vulcanized Fibre Co., Maryland 
& Beach, Wilmington, Del. (g) 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 
(g, i) 


Packing Supply Co., 2620 South 2nd 
West, Salt Lake City 15, Utah (g, i) 


Paragon Rubber Corp., 200 Pleasant, East- 
hampton, Mass. (a, b, ¢, d, e, f, g, h, i, j) 


B. G. Peck Co., 


Penn Fibre & Specialty Co., 2024 E. 
Westmoreland St., Philadelphia 34, Pa. 


(g) 


Lawrence, Mass. (g) 
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Pfaudler Co., 111 West Ave., Rochester, 
N. Y. (e, £, g) 

Plastic & Rubber Products Co., 2100 Hyde 
Park Blvd., Los Angeles 47, Calif. 
(a, g, i, j) 

Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. (a, f, g, i) 

Wm. Porter Co., 1007 Santa Fe Ave., Los 
Angeles, Calif. (g) 

Precision Gasket Co., 619 E. 
Bivd., Hopkins, Minn. (g) 


Precision Gasket Corp., Box 182, Man- 
chester, Mo. (g) 


Excelsior 


Precision Piston Rings Inc., 1417 Com- 
merce St., Indianapolis, Ind. (i) 


Prince Rubber & Plastics Co. Inc., Sta 
tion B, Buffalo, N. Y. (a, g, i) 


Quality Gasket & Mig. Co. Inc., 21060 
Coolidge, Oak Park, Mich. (g, i) 
Raybestos-Manhattan Inc. Packing Div. 
Passaic, N. J. (f, h, i) 
(See Ad, Page 225) 


Reid Enterprises, 2610 E. 67th, Long Beach 
5, Calif. (f, g, i) 

Rhopac Inc., 3425 Cleveland St., Skokie, 
Ill. q, i) 

Rogers Corp., Mill St, Rogers, Conn 


(g, h, i) 
(See Ad, Page 222) 


Rubberhide Co., 493 Whitehead Rd., 
Trenton, N. J. (g) 


Russell Gasket Co., 7424 Bessemer Ave., 
Cleveland 27, Ohio (g, i) 
(See Ad, Page 226) 


The Ryan & Hart Co., 414 Ashe St., John 
son City, Tenn. (g) 

W. S. Shamban & Co., 11617 W. Jeffer 
son Blvd., Culver City, Calif. (g, i, j) 


Southern Rubber Co. Inc., 360 S. Ashe 
Greensboro, N. C. (g, i) 

Sparta Mfg. Co. R. D. 2, Dover, Ohio 
(g, i) 

Spaulding Fibre Co. Inc., 310 Wheeler St., 


Tonawanda, N. Y. (g) 


g 
(See Ad, Page 224) 
The Staver Co. Inc. 4] North Saxon 


Ave., Bay Shore, L. L, N. Y. (g, i) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (g, i) 


Stevens Asbestos Products Co. 513 S 
Trenton, Tulsa, Okla. (g, i) 
; 


Technical Rubber & Plastic Co., 350 Sher 
man Ave., Orange, N. J. (f, g, i) 


Tri-Point Plastics Inc., 175 I U. Willets 
Rd., Albertson, N. Y. (a, f, g, h, i) 


Universal Packing & Gasket Co. Inc., 5200 
Clinton Drive, Houston, Tex. (g, i) 


Universal Products, Brockton, Mass. (g, i) 


U. S. Ceramic Tile Co., Sparta Mfg. Div., 


Dever, Ohio (g) 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. (g) 


The W-G Gasket Co., 3218 No. 126th St., 
Brookfield, Wis. (g, i) 


WIR 


R. N. Williams Paper Co., 934 N. First 
St., St. Louis, Mo. (a, g) 


Wilmington Fibre Specialty Co., New 
Castle, Del. (g) 


Wiscensin Gasket & Mfg. Co., Granville, 
Wis. (g) 


Yardley Plastics Co., Parsons & Town, 
Columbus 15, Ohio (a, g) 


Yates Co., 2211 Peninsula Drive, Erie, Pa. 
(a, b, g, i) 


Cork Composition 


A Punch Products Mig. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. (a, b, c, d, £, g, 
i, )) 

Accurate Felt & Gasket Mfg. Co., 1016 S. 
California Ave., Chicago 12, Ill. (a, g) 


Ace Gasket Co., 1441-43 Webster Ave., 
New York, N. Y. (g) 


Acme Specialties Inc., 4326 N. American, 
Philadelphia 40, Pa. (g) 


Aero Gasket Corp., 763 Hanover Rad., 
Meriden, Conn. (g) 


The Alan Packing & Rubber Co., 1295 


Parsons Court, Cleveland 16, Ohio (g, i) 


The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. (a, g, i) 


Alox Mfg. Co., 6160 Maple Ave., St. Louis 
14, Mo. (g) 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. (g, h, i) 


Armstrong Cork Co., Liberty & Charlotte 
Sts., Lancaster, Pa. ¢ 


£. 
(See Ad, Page 209, 220) 


Associated Industries, 1752 Rainier Ave., 
Seattle, Wash. (a, b, c, d, e, £, g, h, i, j) 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, g, i) 
(See Ad, Page 226) 


Badger Cork & Mig. Co., Wisconsin St., 
Trevor, Wis. (a, g, i) 

K. Wm. Beach Mfg. Co., Beach Bldg., 
2727 Columbus, Springfield, Ohio (g, i) 


Beacon Rubber Co., | Hudson St., New 
York 13, N. Y. (g) 


A. B. Boyd Co., 1235 Howard St., San 
Francisco 3, Calif. (g) 

The Breiner Co. Inc., 2820 Barnes Ave., 
Indianapolis 23, Ind. (g, i) 


4. W. Chesterton Co., 6 Ashland St., 
Everett, Mass. (g, i) 


Chicago Cork Works Co., 600! 
Point Rd., Niles, Ill. (g) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (g, i) 


Cooper Mfg. Co., 411 S. First Ave., Mar- 
shalltown, Iowa (a, g, i) 


Coyne & Paddock Inc., 40-1] 2lIst St. 
Long Island City, N. Y. (g) 


Detroit Gasket Mfg. Co., 12640 Burt Rd., 
Detroit 23, Mich. (g, i) 


Gross 


Duroyd Gasket . Co., 1830 Amster- 
dam Ave., New York, N. Y. (g) 


East Coast Rubber & Plastic Co., 4363 E. 
10 Ln., Hialeah, Fla. (g) 


Excelsior Leather Washer . Co., 720 


Chestnut St., Rockford, I]. i) 
Faul & Timmins Inc., 699 Seneca, Buffalo, 
N. Y. (g) 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. (a, g, i) 

Felters Co., 210 South St., Boston 11, Mass 
(, i) 

Gasket Mfg. Co., 319 W. 17th St., Los 
Angeles, Calif. (g, i) 


Gasket Products Inc., 
Wichita, Kans. (g, i) 


General Asbestos Gasket Mfg. Corp., 172! 
So. Seventh Ave., St. Louis, Mo. (g, i) 


Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. (g, i) 


Goshen Die Cutting Service, 708 Emerson 
Ave., Goshen, Ind. (g) 

Gulf Belting & Gasket Co., 1818 Caron- 
delet, New Orleans 12, La. (g, i) 


Henlopen Mfg. Co. Inc., 176-178 Cook, 
Brooklyn, N. Y. (g, i) 

Hercules Packing Corp., 327 Washington 
St., Buffalo 3, N. Y. (a, f, g, i) 


Higbee Rubber Co. Inc., 102 Headson 
Drive, Syracuse, N. Y. (g, i) 


Hollow Center Packing Co. 115 S. W 
12th St., Fort Lauderdale, Fla. (g) 


Hunter Sales Corp., Hunter Bldg., 31! 
Cypress Way, Pittsburgh 28, Pa. (g, i) 


1145 N. Main, 


Hydraulic Packings Co., 2114 Fourth Ave 
S., Minneapolis 4, Minn. (g) 


Industrial Gasket Co., 3404 Louisiana Ave 
S., Minneapolis 26, Minn. (g) 


J. O. King Inc., 1341 Spring St. N. W 
Atlanta 9, Ga. (g, i) 


N. L. Kuehn Co., 3747 N. Booth St., Mil 
waukee 12, Wis. (g, i) 


Lamons Metal Gasket Co., 3600 Canal St., 
P. O. Box 947, Houston 1, Tex. (g, i) 


Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (g, i) 


Markel Rubber Products Co. Inc., 518 
Jackson Ave., New York, N. Y. (i) 


Mechanical Rubber Products Co., War- 
wick, N. Y. (a, g, i) 

H. K. Metal Craft Mfg. Co., 3786 Tenth 
Ave. at 203rd St., New York 34, N. Y 
(g) 

Miller Gasket Mfg. Co. Inc., 2113 E. Flor- 
ence Ave., Huntingdon Park, Calif. (g, i) 


Minor Rubber Co. Inc., Foot of Ackerman 
St., Bloomfield, N. J. (g) 


Mitchell & Smith Div. of Sheller Mfg. 
.. 8900 Hampton Blvd., Norfolk 
5, Va. (a, g, i) 


Irving B. Moore Corp., 65 High, Boston, 
Mass. (g) 
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100 of the leading gasket fabricators 
in the business display this emblem 


They are the 100 independent organiza- 
tions across the nation who fabricate and 
distribute the Armstrong line of resilient 
gasket materials. 

Each Approved Fabricator gives you 
the advantages of a local supplier: con- 
venient, personal contact; fast service; 
prompt delivery of large or small quan- 
tities. In addition, he has modern equip- 
ment for precision fabrication and offers 
special tooling for unusual requirements. 

Your Approved Fabricator can give 


you technical data on all Armstrong ma- 
terials and will be glad to suggest specific 
types for any sealing job. And he can call 
on the extensive Armstrong research and 
development facilities for help on difficult 
gasket applicat:ons. 

Write to us for a list of Armstrong 
Approved Fabricators. There’s one near 
you, and we believe you'll find him a good’ 
man to do business with. Armstrong Cork 
Company, Industrial Division, 7101 Dean 
Street, Lancaster, Pennsylvania. 


(Aymstrong GASKET MATERIALS 


January 19, 1961 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 
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Mueller Belting & Specialty Co., 27 S. 
Van Brunt, Englewood, N. J. (g) 


Mundet Cork Corp., 710: Tonnelle Ave., 
North Bergen, N. J. (g, i) 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St.. New York 10, N. Y. 
(g,i) 

Pacific Moulded Products, 905 E. 59th St., 


Los Angeles, Calif. (g) 
(See Ad, Page 226) 


Pacific States Felt & Mig. Co., 843-847 
Howard St., San Francisco 3, Calif 
(g, i) 

Packing Supply Co., 2620 South 2nd West, 
Salt Lake City 15, Uteh (g, i) 


B. G. Peck Co., Mass. (g) 


Penn Fibre & Specialty Co., 2024 E. West- 
moreland St., Philadelphia 34, Pa. (g) 


Lawrence, 


Wm. Porter Co., 1007 Santa Fe Ave., Los 
Angeles, Calif. (g) 


Precision Gasket Co., 619 E. Excelsior 


Bivd., Hopkins, Minn. (g) 


Precision Gasket Corp., Box 182, Man- 
chester, Mo. (g) 


Precision Piston Rings Inc., 1417 Com 
merce St., Indianapolis, Ind. (i) 


Prince Rubber & Plastics Co. Inc., Station 
B, Buffalo, N. Y. (a, g, i) 


Quality Gasket & Mfg. Co. Inc., 21060 
Coolidge, Oak Park, Mich. (g, i) 
Skokie, 


Rhopac Inc., 3425 Cleveland St., 


Ill. (g, i) 


Rubberhide Co. 493 
Trenton, N. J. (g) 


Whitehead Rad., 


Russell Gasket Co., 7424 Bessemer Ave., 
Cleveland 27, Ohio (g, i) 
(See Ad, Page 226) 


The Ryan & Hart Co., 414 Ashe St., John- 
son City, Tenn. (g) 


Southern Rubber Co. Inc., 
Greensboro, N. C. (g, i) 


360 S. Ashe, 


Staff Die Cutting Co. 4 
New York, N. Y. (g, i) 


West 22nd St., 


The Staver Co. Inc., 41 North Saxon Ave., 

Bay Shore, L. L, N. Y. @, i) 
Sterling Automotive Mfg. Co., 2140 Lunt 
Ave., Elk Grove, Ill. (g) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (g, i) 


Asbestos Products Co. 513 S§ 
Tulsa, Okla. (g, i) 


Stevens 
Trent yn, 


Technical Rubber & Plastic Co., 350 Sher 
man Ave., Orange, N. J. (g, i) 


Universal Packing & Gasket Co. Inc., 5200 
Clinton Drive, Houston, Tex (g) 


Universal Products, Brockton, Mass. (g, i) 


Victor Mfg. & Gasket Co., 5750 Roose- 
velt Rd., Chicago 90, Ill.(e, f, g, i) 


The W-G Gasket Co., 3218 No. 126th St., 
Brookfield, Wis. (g, i) 


R. N. Williams Paper Co., 934 N. First 
St., St. Louis, Mo. (a, g) 
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Wisconsin Gasket & Mfg. Co., Granville, 
Wis. (g) 


Cork and Rubber 


A Punch Products 
mer Ave., Chicago, 


i, j) 


Accurate Felt & Gasket Mfg. Co., 1016 S. 
California Ave., Chicago 12, Ill. (a, g) 


Ace Gasket Co., 1441-43 Webster Ave., 
New York, N. Y. (g) 
jialties Inc., 4326 N. American, 
\Philade Iphia 40, Pa. (g) 


Aero Gasket Corp., 763 Hanover Rd., 
Meriden, Conn. (g) 


The Alan Packing & Rubber Co., 1295 
Parsons Court, Cleveland 16, Ohio 
(g, i) 

The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. (a, g, i) 


.. 516 S. Kol- 
— &~ (a, b, Cc, d, f, g. 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. (g, h, i) 


Armstrong Cork Co., Liberty & Charlotte 
Sts., Lancaster, Pa. (g) 
(See Ad, Page 209, 220) 


Asbestos Corp., 49 Ackerman St., 
field, N. J. (g, i) 


Associated Industries, 1752 Rainier Ave., 
Seattle, Wash. (a, b, c, d, e, f, g, h, i, j) 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, g, i) 
(See Ad, Page 226) 


K. Wm. Beach Mfg. Co., Beach Bldg., 
2727 Columbus, Springfield, Ohio (g, i) 


Beacon Rubber Co., | Hudson St., New 
York 13, N. Y. (g) 


Beaverite Products Inc., 
N. Y. (g) 

A. B. Boyd Co., 1235 Howard St., San 
Francisco 3, Calif. (g) 


The Breiner Co. Inc., 2820 Barnes Ave., 
Indianapolis 23, Ind. (g, i) 


A. E. Burgess Leather Co., Brigham Hill 
Rd., Grafton, Mass. (g) 


A. W. Chesterton Co., 6 Ashland St., 
Everett, Mass. (g, i) 

Chicago Cork Works Co., 6001 Gross 
Point Rd., Niles, Ill. (g) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (g, i) 


Continental Rubber Works, 1902 Liberty 
St., Erie, Pa. (g, i) 

Cooper Mfg. Co., 411 S. First Ave., Mar- 
shalltown, Iowa (a, g, i) 


Coyne & Paddock Inc., 40-11 2lst St. 
Long Island City, N. Y. (g) 


Detroit Gasket & Mfg. Co., 12640 Burt 
Rd., Detroit 23, Mich. (g, i) 


Duroyd Gasket Mfg. Co., 1830 Amsterdam 
Ave., New York, N. Y. (g) 


East Coast Rubber & Plastic Co., 4363 E. 
10 Ln., Hialeah, Fla. (g) 


Bloom- 


Beaver Falls, 


Excelsior Leather Washer Mfg. Co., 720 
Chestnut St., Rockford, Ill. (g, i) 


Faul & Timmins Inc., 699 Seneca, Buffalo, 
N. Y. (g) 


Felt Products Mfg. Co., 7450 N. Mc- 
Cormick Blvd., Chicago 80, Ill. (a, g, i) 


Felters Co., 210 South St. Boston Il, 
Mass. (g, i) 
Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. (g, i, j) 
(See Ad, Page 223) 


Gasket Mfg. Co., 319 W. I7th St., Los 


Angeles, Calif. (g, i) 
Gasket Products Inc., 

Wichita, Kans. (g, i) 
General Asbestos Gasket Mfg. Corp., 1721 

So. Seventh Ave., St. Louis, Mo. (g, i) 


Goodall Rubber Co., ry Whitehead Rd., 
Trenton 4, N. J. (g, i) 


Gordon Rubber & Packi 
431, Derby, Conn. (g, i 


Goshen Die Cutting Service, 708 Emerson 
Ave., Goshen, Ind. (g) 


Gulf Belting & Gasket Co., 1818 Caron- 
delet, New Orleans 12, La. (g, i) 


Hawthorne Rubber Mfg. Corp., 33 Fourth 
Ave., Hawthorne, N. J. (g) 


Hecht Rubber Co. Inc., 482-484 Riverside 
Ave., Jacksonville 2, Fla. (a) 


Henlopen Mig. Co. =< 176-178 Cook, 
Brooklyn,  @& i 

Hercules Packing Prot 327 Washington 
St., Buffalo 3, N. Y. (a, £, g, i) 

Higbee Rubber Co. Inc., 102 Headson 
Drive, Syracuse, N. Y. (g, i) 


Hollow Center Packing Co., 115 S. W. 
12th St., Fort Lauderdale, Fla. (g) 


Hunter Sales Corp., Hunter Bldg., 311 
Cypress Way, Pittsburgh 28, Pa. (g, i) 


Hydraulic Packings Co., 2114 Fourth Ave. 
S., Minneapolis 4, Minn. (g) 


Industrial Gasket Co., 3404 Louisiana 
Ave. S., Minneapolis 26, Minn. (g) 


Industrial Rubber Works Inc., 312 W. 
Chestnut St., Chicago 10, Ill. (a, g) 


J. O. King Inc., 1341 Spring St. N. W., 
Atlanta 9, Ga. (g, i) 

N. L. Kuehn Co., 3747 N. Booth St., 
Milwaukee 12, Wis. (g, i) 


Lamons Metal Gasket Co., 3600 Canal St., 
P. O. Box 947, Houston 1, Tex. (g, i) 


Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (g, i) 


Markel Rubber Products Co. Inc., 518 
Jackson Ave., New York, N. Y. (i) 


Mechanical Rubber Products Co., War- 
wick, N. Y. (a, g, i) 

Metallo Gasket Co., Bethany & French, 
New Brunswick, N. J. (g, i) 


Miller Gasket Mfg. Co. Inc., 2113 E. 
Florence Ave., Huntington Park, Calif. 


(g, i) 
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Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. (g) 


Mitchell & Smith Div. of Sheller Mfg. 
Corp., 8900 Hampton Blvd., Norfolk 5, 
Va. (a, g, i) 

Irving B. Moore Corp., 65 High, Boston, 
Mass. (g) 


Mueller Belting & Specialty Co., 27 S. Van 
Brunt, Englewood, N. J. (g) 


Mundet Cork Corp., 710! Tonnelle Ave., 
North Bergen, N. J. (g, i) 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 
(a, b, g, i) 

Pacific Moulded Products, 905 E. 59th St., 
Los Angeles, Calif. (a) 

(See Ad, Page 226) 


Pacific States Felt & Mfg. Co., 843-847 
Howard St. San Francisco 3, Calif. 
(g, i) 

Packing Supply Co., 2620 South 2nd West, 
Salt Lake City 15, Utah (g, i) 


B. G. Peck Co., Lawrence, Mass. (g) 

Penn Fibre & Specialty Co., 2024 E. 
Westmoreland St., Philadelphia 34, Pa. 
(g) 

Ponn Machine Cutting Co., 51 Kelvin, 
Everett, Mass. (g) 


Wm. Porter Co., 1007 Santa Fe Ave., 
Los Angeles, Calif. (g) 


Precision Gasket Co., 619 E. Excelsior 
Blvd., Hopkins, Minn. (g) 


Precision Gasket Corp., Box 182, Man- 
chester, Mo. (g) 


Precision Piston Rings Inc., 1417 Com- 
merce St., Indianapolis, Ind. (i) 


Prince Rubber & Plastics Co. Inc., Station 
B, Buffalo, N. Y. (a, g, i) 


Quality Gasket & Mfg. Co. Inc., 21060 
Coolidge, Oak Park, Mich. (g, i) 


Rhopac Inc., 3425 Cleveland St., Skokie, 
Ill. (g, h, i) 
The Rubber Shop Inc., Royal Rubber Co. 


Div., Dept. 5804, South Bend, Ind. 
(g, i) 

Rubbercraft Corp. of Calif., 1800 W. 
220th St., Torrance, Calif. (g, i) 


Rubberhide Co., 493 Whitehead Rd., 
Trenton, N. J. (g) 


Russell Gasket Co., 7424 Bessemer Ave., 
Cleveland 27, Ohio (g, i) 
See Ad, Page 226) 


The Ryan & Hart Co., 414 Ashe St. 
Johnson City, Tenn. (g) 


Southern Rubber Co. Inc., 360 S. Ashe, 
Greensboro, N. C. (g, i) 


The Staver Co. Inc., 41 North Saxon 
Ave., Bay Shore, L. L, N. Y. (g i) 


Stemco Mfg. Co., P. O. Box 1628, Long- 
view, Tex. (a, g, i) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (g, i) 
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Stevens Asbestos Products Co., 513 S. 


Trenton, Tulsa, Okla. (g, i) 


Technical Rubber & Plastic Co., 350 Sher- 
man Ave., Orange, N. J. (g, i) 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. (g) 


Universal Products, Brockton, Mass. (g, i) 


Victor Mfg. & Gasket Co., 5750 Roosevelt 
Rd., Chicago 90, Ill. (e, £, g, i) 


Western Felt Works, Acadia Synthetic 
Products Div., 4035-4117 Ogden Ave., 
Chicago 23, Ill. (g) 


The W-G Gasket Co., 3218 No. 
St., Brookfield, Wis. (g, i) 


R. N. Williams Paper Co., 934 N. First 
St., St. Louis, Mo. (a, g) 


Wisconsin Gasket & Mfg. Co., Granville, 
Wis. (g) 


Wolverine Fabricating & Mfg. Co., 2638 
Princess Ave., Inkster, Mich. (g) 


126th 


Asbestos 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. (a, b, c, d, f, g, 
i, i) 

Accurate Felt & Gasket Mfg. Co., 1016 
S. California Ave., Chicago 12, Ill. (a, g) 


Ace Gasket Co., 1441-43 Webster Ave., 
New York, N. Y. (g) 


Acme Specialties Inc., 4326 N. American, 
Philadelphia 40, Pa. (g) 


Aero Gasket Corp., 763 Hanover Rd., 
Meriden, Conn. (g) 


The Alan Packing & Rubber Co., 1295 
Parsons Court, Cleveland 16, Ohio 
(g, h, i) 

The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. (a, g, h, i) 


Alox Mfg. Co., 6160 Maple Ave., St. 
Louis 14, Mo. (g) 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. (g, h, i) 


Arcy Mfg. Co. ty 120 Beekman St., 
New York 38, N. (g) 


Armstrong Cork Co., Liberty & Charlotte 
Sts., Lancaster, Pa. (g) 
(See Ad, Page 209, 220) 


Asbesto Corp., 49 Ackerman St., 
field, N. J. (g, iD 


Associated Industries, 1752 Rainier Ave., 
Seattle, Wash. (a, b, c, d, e, £, g, h, i, j) 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, g, h, i 
(See Ad, Page 226 
K. Wm. Beach Mfg. Co., Beach Bldg., 
2727 Columbus, Springfield, Ohio 
(c, g, i) 
Beacon Rubber Co., 
York 13, N. Y. (g) 
Beaverite Products Inc., 
N. Y. (g) 


A. B. Boyd Co., 1235 Howard St., San 
Francisco 3, Calif. (g) 


Bloom- 


1 Hudson St., New 


Beaver Falls, 


The Breiner Co. Inc., 2820 Barnes Ave., 
Indianapolis 23, Ind. (g, i) 


A. E. Bu Leather Co., Brigham Hill 
Rd., Grafton, Mass. (g) 


Philip Carey Mfg. Co., Lockland, Cin- 
cinnati 15, Ohio (g) 


A. W. Chesterton Co., 6 Ashland St., 
Everett, Mass. (g, h, i) 


Chicago Cork Works Co., 6001 
Point Rd., Niles, Ill. (g) 


Chicago Gasket Co., 1271 W. North Ave., 
Chicago 22, Ill. (g, h, i) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (, h, i) 

Cooper Mfg. Co., 411 S. First Ave., Mar- 
po. Bn, lowa (a, g, i) 


Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Ill. (g, i) 

Darcoid Co., 155 Sixth Ave., 
13, N. Y. (g, h, i) 

Detroit Gasket & Mfg. Co., 12640 Burt 
Rd., Detroit 23, Mich. (f, g, i) 


Duroyd Gasket Mfg. Co., 1830 Amster- 
dam Ave., New York, N. Y. (g) 


Excelsior Leather Washer Mfg. Co., 720 
Chestnut St., Rockford, Ill. (g, i) 


Faul & Timmins Inc., 699 Seneca, Buf- 
falo, N. Y. (g) 

Felt Products Mfg. Co., 7450 N. Me- 
Cormick Blvd., Chicago 80, Ill. (a, g, i) 

Flexitallic Gasket Co., 926 Eighth, Cam- 
den, N. J. (j) 


Fournier Rubber & Sup pPly Co. Ine., 459 
N. High, Columbus 15, Ohio (g, h) 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. (g, h, i) 
(See Ad, Page 223) 


17th St., Los 


Gross 


New York 


Gasket Mfg. Co., 319 W. 
Angeles, Calif. (g, i) 


Gasket Products Inc., 
Wichita, Kans. (g, i) 
General Asbestos Gasket Mfg. Corp., 1721 
So. Seventh Ave., St. Louis, Mo. . h, i) 


Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. (, iD 


Goodyear Tire & Rubber Co., 
Market St., Akron 16, Ohio (g) 


Gordon Rubber & Packing Co. P. O 
Box 431, Derby, Conn. (g, i) 


Goshen Die Cutting Service, 708 Emer- 
son Ave., Goshen, Ind. (g) 


Greene, Tweed & Co., 322 Elm St., North 
Wales, Pa. (g, h) 


Gulf Belting & Gasket Co., 1818 Caronde- 
let, New Orleans 12, La. (g, h, i) 


Hercules Packing “a = Washington 
St., Buffalo 3, tN. Y. (a, £ g, h, i) 


Hollow Center pone Pg . 115 S. W. 
12th St., Fort Lauderdale, Fla. (g, h) 


Hunter Sales Corp., Hunter Bldg., 31! 
Cypress Way, Pittsburgh 38, Pa. (g, i) 


Hydraulic Packings Co., 2114 Fourth Ave. 
S., Minneapolis 4, Minn. (g) 


1145 N. Main, 


1144 E. 
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Industrial Gasket Co. 3404 Louisiana 
Ave. S., Minneepolis 26, Minn. (g) 


Industrial Rubber Works Inc. 312 W. 
Chestnut St., Chicago 10, Ill. (a, g) 


Johns-Manville, 22 East 40th St. New 
York 16, N. Y¥. (a, b, & g, h, i, — 
(See Page 227) 


J. O. King Inc. 1341 Spring St. N. W., 
Adanta 9, Ga. (, i) 


Lamons Metal Gasket Co., 3600 Canal 
St. P. O. Box 947, Houston 1, Tex. 
(g, h, i) 

Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (g, i) 


The Marlo Co. Inc., 436 Broadway, New 
York, N. Y. (g, h, D 

McCord Corp., Ripille at E. Grand Blvd., 
Detroit 11, Mich. (Ef, i) 


Metallo Gasket Co., Bethany & French, 
New Brunswick, N. J. & Dd 


Gasket Mfg. Co. Inc, 2113 E 
Huntingdon Park, Calif. 


Miller 
Florence Ave., 
(g, 

Minor Rubber Co. Inc., Foot of Acker- 
man St., Bloomfield, N. J. (g) 


Irving B. Moore Corp., 65 High, Boston, 
Mass. (g) 


Mueller Belting & Specialty Co., 27 S. 
Yan Brunt, Englewood, N. J. (g) 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y 
(a, b, c, d, e, F g, i, j) 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 
(g, h, i) 

Packing Supply Co., 2620 South 2nd West, 
Salt Lake City 15, Utah (g, h, i) 


Page Belting Co., Eastman St., Concord, 


H. (g) 


Lawton H. 
Butler Ave., 
h, i) 


B. G. Peck Co., 


Parsons Co. S. Main & 
Ambler, Pa. (c, d, e, £, g, 


Lawrence, Mass. (g) 

Penn Fibre & Specialt 2024 E. 
Westmoreland St., Philedelpitie 34, Pa. 
(g) 


Pfaudler Co., 111 West Ave., 
N. Y. (e, £ g) 


Pilot .~y. Co. Inc., 237 Glen Cove 
Ave., Sea Cliff, N. Y. (a, g, h, i) 


Wm. Porter Co. 1007 Santa Fe Ave., 
Los Angeles, Calif. (g) 


Rochester, 


Precision Gasket Co., 619 E. Excelsior 
Blvd., Hopkins, Minn. (g) 


Precision Gasket Corp., Box 182, Man- 
chester, Mo. (g) 


Precision Piston Rings Inc., 1417 Com- 
merce St, Indianapolis, Ind. (i) 


Prince Rubber & Plastics Co. Inc., Sta- 
tion B, Buffalo, N. Y. (a, g, i) 


Quality Gasket & Mfg. Co. Inc. 21060 
Coolidge, Oak: Park, Mich. (g, i) 


Raybestos-Manhattan ~% —— Div. 
Passaic, N. J. (¢, | Be 
(See Ad, Page 235) 


Inc., 3425 Cleveland St., Skokie, 


Rhopac : 
Ill. (, i) 


John R. Robinson Inc., = St. & 38th 
Ave., Long Island City, N. Y. (h) 


Rogers Corp., Mill St., Rogers, Conn. (g, i) 
(See Ad, Page 222) 


Rubberhide Co., 493 Whitehead Rd., Tren- 
ton, N. J. (g) 


Russell Gasket Co., 7424 Bessemer Ave., 
Cleveland 27, Ohio 
(See Ad, Page 226) 


The Ryan & Hart Co., 414 Ashe St., 
Johnson City, Tenn. (g) 


Seal-Tite Mfg. Co. Inc., Subsidiary of 
Atlas Asbestos Co., 433 Walnut St., 
North Wales, Pa. (h) 


Southern Rubber Co. Inc., 360 S. Ashe, 
Greensboro, N. C. (g, i) 


Staff Die Cutting ~ ¢ West 22nd St., 
New York, N. Y. 


The Staver Co. Inc. 41 North Saxon 
Ave., Bay Shore, L. L, N. Y. (g, h, i) 


Sterling Asbestos & Rubber Co., 134 W. 
52nd, New York 19, N. Y. (, i) 


Sterling Automotive Mfg. Co., 2140 Lunt 
Ave., Elk Grove, Ill. (f, i, j) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (g, i, j) 


Stevens Asbestos Products Co., 513 S. 
Trenton, Tulsa, Okla. (g, i) 


Technical Rubber & Plastic Co., 350 Sher- 
man Ave., Orange, N. J. (f, g, i) 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. 
(g, h) 


Universal Products, Brockton, Mass. (g, i) 


Victor Mfg. & Gasket Co., 5750 Roosevelt 
Rd., Chicago 90, Ill. (e, £, g, i) 
1020 East 15th St., 


Watsco Inc., Hialeah, 


Fla. (g) 


The W-G Gasket Co., 3218 No. 126th St., 
Brookfield, Wis. (g, i) 


R. N. Williams Paper Co., 934 N. First 
St., St. Louis, Mo. (a, g) 


Wisconsin Gasket & Mfg. Co., Granville, 
Wis. (g) 


Wolverine Fabricating & a -» 26 
(g) 


Inkster, Mi 


Princess Ave., 
Fiber 


A Punch Products Mfg. Co., 516 S. Kol- 
mer Ave., Chicago, Ill. (a, b, c, d, f, g, 
i, j) 

Accurate Felt & Gasket Mfg. Co., 1016 

California Ave., Chicago 12, Il. 
(a, g) 


Ace Gasket Co., 1441-43 Webster Ave., 
New York, N. Y. (g) 


Acme en Inc., 4326 N. American, 
Philadelphia 40, Pa. (g) 


Aero Gasket Corp. 763 Hanover Rd., 


Meriden, Conn. (g) 

The Alan Packing & Rubber Co., 1295 
Parsons Court, Cleveland 16, Ohio 
@ i) 

The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. (a, g, i) 


American Felt Co., Glenville, Conn. 
(a, g) 

American Metallic Packing Co., 298 Daw- 
son, Glenfield, Pa. (i) 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 7 Pa. (g, h, i) 


Arcy Mfg. Co. Inc., 120 Beekman St., 
New York 38, N. Y. (g) 


Armstrong Cork Co., Liberty & Charlotte 
Sts., Lancaster, Pa. (g) 
(See Ad, Page 209, 220) 


Asbestos Corp., 49 Ackerman St., 
field, N. J. (g, i) 

Associated Industries, 1752 Rainier Ave., 
Seattle, Wash. (a, b, c, d, e, f, g, h, 
i, j) 

Auburn Mfg. Co., Pease Ave. & Stack St., 


Middletown, Conn. (a, g, i) 
(See Ad, Page 226) 


Auto-Diesel Piston Ring Co., 1440 E. 32nd 
St., Cleveland 14, Ohio (i) 


K. Wm. Beach Mfg. Co., Beach Bldg., 
2727 Columbus, ¥oringfield, Ohio (g, 
h, i) 

Beacon Rubber Co., 
York 13, N. Y. (g) 

Beaverite Products Inc., Beaver 
N. Y. (g) 

A. B. Boyd Co., 1235 Howard St., San 
Francisco 3, Calif. (g) 


The Breiner Co. Inc., 2820 Barnes Ave., 
Indianapolis 23, Ind. (g, i) 


A. E. Burgess Leather Co., Brigham Hill 
Rd., Grafton, Mass. (g) 


A. W. Chesterton Co., 6 Ashland St., 
Everett, Mass. (g, i) 


Chicago Cork Works Co., 6001 Gross 
Point Rd., Niles, Ill. (g) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (g, i) 


Colonial Kolonite Co., 2232 W. Armitage 
Ave., Chicago 47, Ill. (g) 


Cooper Mfg. Co., 411 S. First Ave., Mar- 
pe Meee lowa (a, g, i) 


Crane Packing Co., 6400 Oakton St., 
Morton Grove, Ill. (g, i) 


Detroit Gasket & > 
Rd., Detroit 23, Mich. (g) 


The Drycor Felt Co., New City Rd., 
Staffordviile, Conn. (g) 


Duroyd Gasket Mfg. Co., 1830 Amsterdam 
Ave., New York, N. Y. (g) 


Excelsior Leather Washer Mfg. Co., 720 
Chestnut St., Rockford, Ill. (g, i) 


Felt Products Mfg. Co., 7450 N. Mc- 
Cormick Blvd., Chicago 80, Ill. (a, 


g, i) 
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Flexitallic Gasket Co., 926 Eighth, Cam- 
den, N. J. (j) 


Garlock Packing Co., 402 Main St., Pal- 
myra, N. Y. (g, i) 
(See Ad, Page 223) 


Gasket Mfg. Co., 319 W. 17th St., Los 
Angeles, Calif. (g, i) 
Gasket Products Inc., 
Wichita, Kans. (g, i) 
General Asbestos Gasket Mfg. Corp, 1721 
So. Seventh Ave., St. Louis, Mo. (g, i) 


Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. (g, i) 


Goshen Die Cutting Service, 708 Emerson 
Ave., Goshen, Ind. (g) 


Gulf Belting & Gasket Co., 1818 Caron- 
delet, New Orleans 12, La. (g) 


Hawthorne Rubber Mfg. Corp., 33 Fourth 
Ave., Hawthorne, N. J. (g) 


Henlopen Mfg. Co. Inc., 176-178 Cook, 
Brooklyn, N. Y. (g, i) 


Hercules Packing Corp., 327 Washington 
St., Buffalo 3, N. Y. (a, £, g, i) 


Higbee Rubber Co. Inc., 102 Headson 
Drive, Syracuse, N. Y. (g, i) 


Hollow Center Packing Co., 115 S. W. 
12th St., Fort Lauderdale, Fla. (g) 


Chas. W. House & Sons, House Bldg., 
Unionville, Conn. (g) 


Hunter Sales Corp., Hunter Bldg., 311 
Cypress Way, Pittsburgh 28, Pa. (g, i) 


Hydraulic Packings Co., 2114 Fourth 
Ave. S., Minneapolis 4, Minn. (g) 


Industrial Gasket Co., 3404 Louisiana 
Ave. S., Minneapolis 26, Minn. (g) 


Industrial Rubber Works Inc., 312 W. 
Chestnut St., Chicago 10, Ill. (a, g) 


Iten Fibre Co., 5400 Bower Ave., 
bula, Ohio (g) 


George O. Jenkins Co., 1045 Plymouth 
St., Bridgewater, Mass. (g) 


J. O.. King Inc., 1341 Spring St. N. W., 
Atlanta 9, Ga. (g, i) 


Lamons Metal Gasket Co., 3600 Canal St., 
P. O. Box 947, Houston 1, Tex. (g, i) 


Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (g, i) 


H. K. Metal Craft Mfg. Co., 3786 Tenth 
Ave. at 203rd St., New York 34, N. Y. 
(g) 


1145 N. Main, 
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Metallo Gasket Co., Bethany & French, 
New Brunswick, N. J. (g, i) 


Miller Gasket Mfg. Co. Inc., 2113 E. 
Florence Ave., Huntingdon Park, Calif. 
(g, i) 

Irving B. Moore Corp., 65 High, Boston, 
Mass. (g) 


Mueller Belting & Specialty Co., 27 S. 
Van Brunt, Englewood, N. J. (g) . 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 


, i) 


lanuary 19, 1961 


National Vulcanized Fibre Co., Maryland 
& Beach, Wilmington, Del. (g) 


Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


(g, i) 

Packing Supply Co., 2620 South 2nd West, 
Salt Lake City 15, Utah (g, i) 

B. G. Peck Co., Lawrence, Mass. (g) 


Penn Fibre & Specialty Co., 2024 E. 
Westmoreland St., Philadelphia 34, Pa. 


(g) 


Wm. Porter Co., 1007 Santa Fe Ave., Los 
Angeles, Calif. (g) 


Precision Gasket Co., 619 E. Excelsior 
Blvd., Hopkins, Minn. (g) 


Precision Gasket Corp., Box 182, Man- 
chester, Mo. (g) 


Precision Piston Rings Inc., 
merce St., Indianapolis, Ind. 


Quality Gasket & Mfg. Co. Inc., 21060 
Coolidge, Oak Park, Mich. (g, i) 


Reeves Bros. Inc., 1071 Ave. of the Amer- 
icas, New York 18, N. Y. (a, g) 


3425 Cleveland St., 


1417 Com- 


Rhopac Inc., Skokie, 
Ill. (g, i) 


Rogers Corp., Mill St., 
(g, i 
(See Ad, Page 222) 
Rubberhide Co., 493 Whitehead Rd., 
Trenton, N. J. (g) 


Russell Gasket Co., 7424 Bessemer Ave., 
Cleveland 27, Ohio (g, i) 
(See Ad, Page 226) 


Sackner Products Inc., Ottawa at Wall, 
Grand Rapids 2, Mich. (i) 

Southern Rubber Co. Inc., 360 S. Ashe, 
Greensboro, N. C. (g, i) 


Spaulding Fibre a Inc., 310 Wheeler St., 
Tonawanda, N. Y. (g) 

(See Ad, Page 224) 

Staff Die rig! Co., 42 West 22nd St., 
New York, N. Y. (g, i) 


The Staver Co. Inc., 41 North Saxon 
Ave., Bay Shore, L. L, N. Y. (g, i) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (g, i) 


Stevens Asbestos Products Co. 513 S. 
Trenton, Tulsa, Okla. (g, i) 


Technical Rubber & Plastic Co., 350 Sher- 
man Ave., Orange, N. J. (g) 


Universal Packing & Gasket Ce. Inc., 
5200 Clinton Drive, Houston, Tex. (g) 


Universal Products, Brockton, Mass. (g, i) 


U. S. Gasket & Shim Co., 2743 Second 
St. N., Cuyahoga Falls, Ohio (g, i) 


Victor Mfg. & Gasket Co., 5750 Roosevelt 
Rd., Chicago 90, Ill. (e, g) 


The W-G Gasket Co., 3218 No. 126th St., 
Brookfield, Wis. (g, i) 


R. N. Williams Paper Co., 934 N. First 
St., St. Louis, Mo. (a, g) 


Wilmington Fibre Specialty Co., New 
Castle, Del. (g) 


Rogers, Conn. 


Wisconsin Gasket & Mfg. Co., Granville, 
Wis. (g) 


Wolverine Fabricating & Mfg. 
Princess Ave., Inkster, Mich. 


Leather 


A Punch Products Mfg 
mer Ave., Chicago, fll. (a, 


g i, j) 

Accurate Felt & Gasket Mfg. Co., 1016 
S. California Ave., Chicago 12, Ill. 
(a, g) 

The Alan Packing & 
Parsons Court, Cleveland 
(, i) 

Alox Mfg. Co., 6160 Maple Ave., St. Louis 
14, Mo. (g) 

Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. (g, h 

Asbestos Corp., 49 Ackerman St., 
field, N. J. (, iD 

Associated Industries, 1752 Rainier Ave., 
Seattle, Wash. (a, b, c¢, d, e, Es & 
i, j) 

Auburn Mig. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, g. i) 

(See 


er 


. Co., 516 S. Kol- 
b, Cc, d, f, 


& Rubber Co., 1295 
16, Ohio 


Bloom- 


Ad, Page 296) 


C. L. & W. W. Auer, Main & Auer Sts., 
Corry, Pa. (Ef, i) 


Beacon Rubber Co., 
York 13, N. Y. (g) 


Bonner & Banewall Inc., 150 Bleecker St., 
New York 12, N. Y. (g) 


A. B. Boyd Co., 1235 Howard St., San 
Francisco 3, Calif. (g) 

The Breiner Co. Inc., 2820 Barnes Ave., 
Indianapolis 23, Ind. (g, i) 

A. E. Burgess Leather Co., Brigham Hill 
Rd., Grafton, Mass. (g) 


Chicago-Allis Mfg. Co., 125 N. Green St., 
Chicago 7, Ill. (a, g) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (g, i) 


Duroyd Gasket Mfg. Co yy: Amsterdam 
Ave., New York, N. Y. (g) 


Excelsior Leather Washer Mfg. Co., 720 
Chestnut St., Rockford, Ill. (g, i) 


asket Mfg. Co., 319 W. 17th St., Los 

ag Calif. (on i) 
Gasket Products Inc., 
Wichita, Kans. (g, i) 
General Asbestos Gasket Mfg. Corp., 1721 
So. Seventh Ave., St. Louis, Mo. (g, i) 


Goodall Rubber Co., 401 Whitehead Rd., 
Trenton 4, N. J. (, i) 

Goshen Die Cutting Service, 708 Emerson 
Ave., Goshen, Ind. (g) 


1 Hudson St., New 
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Graton & Knight Co., 356 Franklin St., 
Worcester 4, Mass. (g, i) 


Gulf Belting & Gasket Co., 1818 Caron- 
delet, New Orleans 12, La. (g) 
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Hercules Packing Corp., 327 Washington 
St., Buffalo 3, N. Y. (a, g, i) 


Hollow Center Packing Co., 115 S. W. 
12th St., Fort Lauderdale, Fla. (g) 


E. F. Houghton Co., 303 W. Lehigh Ave., 
Philadelphia 33, Pa. (g) 


Hunter Sales Corp., Hunter Bidg., 31! 
Cypress Way, Pittsburgh 28, Pa. (g, i) 


Hydraulic Packings Co. 2114 Fourth 
Ave. S., Minneapolis 4, Minn. (g) 


Industrial Gasket Co., 3404 Louisiana 
Ave. S., Minneapolis 26, Minn. (g) 


N. L. Kuehn Co., 3747 N. Booth St., 
Milwaukee 12, Wis. (g, i) 

Lamons Metal Gasket Co., 3600 Cana! 
St... P. O. Box 947, Houston 1, Tex 
(g. i) 

Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (g, i) 


Charles W. Marsh Co., Michigan & Hud 
son, Muskegon, Mich. (g, i, j) 


H. K. Metal Craft Mig. Co., 3786 Tenth 
Ave. at 203rd St.. New York 34, N. Y 
(g) 

Miller Gasket Mfg. Co. Inc, 2113 FI 
Florence Ave., Huntingdon Park, Calif 
(g. ) 

Mueller Belting & Specialty Co., 27 S 
Van Brunt, Englewood, N. J. (g) 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St... New York 10, N. Y 
(g, i) 

Pacific States Felt & Mig. Co., 843-847 
Howard St., San Francisco 3, Calif 
(zg, D 

Packing Supply Co., 2620 South 2nd West, 
Sait Lake City 15, Utah (g, i) 


Page Belting Co., Eastman St., Concord, 


N. H. q, i) 
B. G. Peck Co., Mass. (g) 


Philadelphia Belting Co., 524 N. Sixth 
St., Philadelphia, Pa. (g, i, j) 


Wm. Porter Co., 1007 Santa Fe Ave., Los 
Angeles, Calif. (g) 


Lawrence, 


Precision Gasket Corp., Box 182, Man 
chester, Mo. (g) 


Precision Piston Rings Inc., 1417 Com 
merce St., Indianapolis, Ind. (i) 


Quality Gasket & Mig. Co. Inc., 
Coolidge, Oak Park, Mich. (g, i) 


J. E. Rhoads & Sons, 2100 W. Ilth St.. 
Wilmington 99, Del. (g) 


Rubberhide Co., 493 
Trenton, N. J. (g) 


Southern Rubber Co. Inc., 
Greensboro, N. C. (g, i) 


Staff Die Cutting Co., 42 West 22nd St., 
New York, N. Y. (g) 


The Staver Co. Inc., 41 North Saxon Ave., 
Bay Shore, L. L, N. Y. (&, i) 


Stemco Mfg. Co., P. O. Box 1628, Long 
view, Tex. (a) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (g, i) 
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Stevens Asbestos Products Co., 513 S. 


Trenton, Tulsa, Okla. (g, i) 


Technical Kubber & Plastic Co., 
man Ave., Orange, N. J. (g) 


Albert Trostel Packings Ltd. Marshall & 
Madison Sts., Geneva, Wis. (g) 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. (g) 


The W-G Gasket Co., 3218 No. 126th St., 
Brookfield, Wis. (g, i) 


Wisconsin Gasket & Mfg. Co., 
Wis. (g) 


350 Sher- 


Granville, 


Metallic Gaskets 


Metallic gaskets are used for high pres 
sure-high temperature applications and 
under severe operating conditions. They 
are made in several constructions, and in 
some cases combined with a nonmetallic 
material. In this category, manufacturers 
of metallic gaskets are grouped in eight 
classes according to the various metals 


used. 


Tin 


59 Broadway, 
North Haven, Conn. (i) 
See Ad, Page 218) 


Arcy Mfg. Co. Inc., 120 Beekman St.. 


New York 38, N. Y. (a, b, c, d, £ g, 
i, j) 
Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, g, i) 
(See Ad, Page 226) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (a, b, c, d, e, f 
g, i) 

C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky 
(g, i) 

Division Lead Co., 7742 W. 6lst St. 
Summit, Ill. (g) 

Gasket Mfg. Co., 319 W. 
Angeles, Calif. (g, i) 

Gulf Belting & Gasket Co., 
let, New Orleans 12, La. (b, 
f, g) 


7 ee, ‘a 327 Washington 
, Buffalo 3, . (a, g, i) 


Hydraulic Packings Co., 2114 Fourth Ave. 
S., Minneapolis 4, Minn. (g) 


Lamons Metal Gasket Co., 3600 Canal St., 
P. O. Box 947, Houston |, Tex. (g, i) 


Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (a, b, g, i) 


H. K. Metal Craft Mfg. Co., 3786 Tenth 
Ave. at 203rd St., New York 34, N. Y. 


(g) 


Metallo Gasket Co., Bethany & French, 
New Brunswick, N. J. (g, i) 


Miller Gasket Mfg. Co. Inc., 2113 E. 
Florence Ave., fontingten Park, Calif. 


(g. i) 


17th St., Los 


1818 Caronde 
c, d, e, 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 


(g, i) 

B. G. Peck Co., Lawrence, Mass. (g) 

Penn Fibre & Specialty Co. 2024 E. 
Westmoreland St., Philadelphia 34, Pa. 
(g) 

Pfaudler Co., 1111 West Ave., 
N. Y. (e, £, g) 

The Staver Co. Inc., Ny North Saxon Ave., 
Bay Shore, L. L, N. Y. (a, b, c, g, i) 


Sterling Automotive Mig Co., 2140 Lunt 
Ave., Elk Grove, Ill. (f) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (b, c, d, e, fF, 
g, 1 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. (g) 


Rochester, 


Lead 


Ace Gasket Co., 1441-43 Webster Ave., 
New York, N. Y. (g) 
The Advanced Products Co., > Broad- 


way, North Haven, Conn. 
(See Ad, Page 218) 


Aero Gasket Corp., 763 Hanover Rd., 
Meriden, Conn. (g) 

The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. (g, i) 

American Casting & Mfg. Corp., Main & 
Water, Brooklyn 1, N. Y. (», g, i) 


Arcy Mfg. Co. Inc., 120 Beekman St., 
New York 38, N. Y. (a, b, c, d, £, g, i, j) 


Auburn Mfg. Co., Pease Ave. & Stack 
St., Middletown, Conn. (a, g, i) 
(See Ad, Page 226) 


Auto-Diesel Piston Ring Co. 1440 E. 
32nd St., Cleveland 14, Ohio (i) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave, Chicago 19, Ill. (a, b, ¢, d, e, Ff, 
g, i 

C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 
(g, i) 

Division Lead Co., 7742 W. 6lst St. 
Summit, Ill. (g) 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. (a, g, i) 


Duroyd Gasket Mfg. Co., 1830 Amster- 
dam Ave., New York, N. Y. (g) 


Gasket Mfg. Co., 319 W. 17th St. Los 
Angeles, Calif. (g, i) 


General Asbestos Gasket Mfg. Corp., 172! 
So. Seventh Ave., St. Louis, Mo. (g, i) 


Gulf Belting & Gasket Co., 1818 Caronde- 
let, New Orleans 12, La. (g) 


Hercules Packing Corp., 327 Washington 
St., Buffalo 3, N. Y. (a, £, g, i) 


Hollow Center pane S . 115 S. W. 
12th St., Fort Lauderdale, Fla. (g) 


Hunter Sales Corp., Hunter Bldg., 311 
Cypress Way, Pittsburgh 28, Pa. (g, i) 


Hydraulic Packings Co., 2114 Fourth Ave. 
S., Minneapolis 4, Minn. (g) 
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Lamons Metal Gasket Co., 3600 Canal St., 


P. O. Box 947, Houston 1, Tex. (a, b, 
f, g, i) 

Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (a, b, g, i) 

H. K. Metal Craft Mfg. Co., 3786 Tenth 
Ave. at 203rd St., New York 34, N. Y. 
(g) 


Metallo Gasket Co., Bethany & French, 
New Brunswick, N. J. (a, b, £, g, i) 


Miller Gasket Mfg. Co. Inc., 2113 E. Flor- 
Ave., Huntington Park, Calif. 


National Gasket & Washer Mfg. Co. ite 
124 East 25th St., New York 10, N. 


(g, i) 

Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 
(g, i) 

Packing Supply Co., 2620 South 2nd West, 
Salt Lake City 15, Utah (g, i) 

B. G. Peck Co., Lawrence, Mass. (g) 


Penn Fibre & Specialty Co., 2024 E. West- 
moreland St., Philadelphia 34, Pa. (g) 


Pfaudler Co., 111 West Ave., 
N. Y. (e, £ g) 

The Staver Co. Inc., 41 North Saxon Ave., 
Bay Shore, L. L, N. Y. (a, b, g, i) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (b, c, d, e, f, g, i) 


Stevens Asbestos Products Co., 513 S. 
Trenton, Tulsa, Okla. (g, i} 


Universal Packing & Gasket Co. Inc., 5200 
Clinton Drive, Houston, Tex. (g) 


U. S. Gasket & Shim Co., 2743 Second 
St. N., Cuyahoga Falls, Ohio (g, i) 


Wisconsin Gasket & Mfg. Co., Granville, 
Wis. (g) 


Rochester, 


Copper and Brass 


The Advanced Products Co., 59 Broad- 
way, North Haven, Conn. (i) 
(See Ad, Page 218) 


Aero Gasket Corp., 763 Hanover Rd., 
Meriden, Conn. (f, g) 


Aeroquip Corp., 11214 Exposition Blvd., 
Los Angeles 64, Calif. (a) 


Arcy Mfg. Co. Inc., 120 Beekman St., 
New York 38, N. Y. (a, b, c, d, £, g, i, i) 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, b, c, d, £, g, i) 
(See Ad, Page 226) 


Auto-Diesel Piston Ring Co., 1440 E. 32nd 
St., Cleveland 14, Ohio (i) 


The Breiner Co. Inc., 2820 Barnes Ave., 
Indianapolis 23, Ind. (g, i) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (a, b, c, d, e, £ 
g, i) 

C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 
(g, i) 

Detroit Gasket & Mfg. Co., 12640 Burt 
Rd., Detroit 23, Mich. (f, g) 
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Double Seal Ring Co., 2065 Montgomery 
St., Forth Worth 7, Tex. (a, g, i) 


Duroyd Gasket Mfg. Co., 1830 Amster- 
dam Ave., New York, N. Y. (g) 


Faul & Timmins Inc., 699 Seneca, Buf- 
falo, N. Y. (b, d, f) 


Felt Products Mfg. Co., 7450 N. Mc- 
Cormick Blvd., Chicago 80, Ill. (a, b, 


Flexitallic Gasket Co., 926 Eighth, Cam- 
en, N. J. (j) 

Gasket Mig. Co., 319 W. 
Angeles, Calif. (E, g, i) 
General Hermetic Sealing Corp., 99 East 
oo Ave., Valley Stream, N. Y. 

i 
Gulf Belting & Gasket Co., 1818 Caronde- 
let, New Orleans 12, 
g) 


ag Packing <a a | Washington 
, Buffalo 3, N. Y. (a, £, g, i) 


Hydraulic Packings Co., 2114 Fourth Ave. 
S., Minneapolis 4, Minn. (g) 


Johns-Manville, 22 East 40th St. New 
York 16, N. Y. (b, c, £ i, j) 
(See Ad, Page 227) 


Lamons Metal Gasket Co., 3600 Canal 
ms F no 947, Houston 1, Tex. 
(a, b, c, d, e, f, g, i) 


Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (a, b, g, i) 


McCord Corp., Ripille at E. Grand Blvd., 
Detroit 11, Mich. (b, f, g, h, i) 

H. K. Metal Craft Mfg. Co., 3786 Tenth 
Ave. at 203rd St, New York 34, N. Y. 
(g, h) 

Metallo Gasket Co., 
New Brunswick, N. J. (a, 
(f, g, i) 

Miller Gasket Mfg. Co. Inc., 2113 E. Flor- 
ence Ave., Huntington Park, Calif. 
(g, i) 

National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 
(f, g, i) 

National Utilities Corp., 826 S. Arroyo 
Parkway, Pasadena 2, Calif. (g) 

Pacific States Felt & Mfg. Co., 843-847 
Howard St., San Francisco 3, Calif. 


(f, g, i) 
B. G. Peck Co., 


Precision Piston Rings Inc., 1417 Com- 
merce St., Indianapolis, Ind. 


Quality Gasket & Mfg. Co. Inc., 21060 
Coolidge, Oak Park, Mich. (g, i) 


John R. Robinson Inc., 30th St. & 38th 
Ave., Long Island City, N. Y. (f) 


St. Marys Carbon Co., St. Marys, Pa. (i) 

The Staver Co. Inc. 41 North Saxon 
Ave., Bay Shore, L. I, N. Y. (a, b, ¢, 
d, f, g, i) 

Sterling Asbestos & Rubber Co., 134 W. 
52nd, New York 19, N. Y. (b, f) 

Sterling Packing & Gasket Co. Inc., 1708 
ny Houston, Tex. (a, b, c, d, e, £, 
g, i 


17th St., Los 


Bethany & French, 
b, gq d, e, 


Lawrence, Mass. (g) 


La. (b, c, d, e, £, 


Stevens Asbestos Products Co. 513 S. 
Trenton, Tulsa, Okla. (a, b, ¢, “4620 


United Aircraft Products Inc., United 
Metallic O Ring Div., 1116 Bolander 
Ave., Dayton 1, Ohio (i) 

(See Ad, Page 216) 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. (¢f, 


g, i) 
Universal Products, Brockton, Mass. (g, i) 


U. S. Gasket & Shim Co., 2743 Second 
St. N., Cuyahoga Falls, Ohio (g, i) 


Victor Mfg. & Gasket Co., 5750 Roosevelt 
Rd., Chicago 90, Ill. (a, f, g, h, i) 


Wisconsin Gasket & Mfg. Co., Granville, 
Wis. (g) 


The Advanced Products Co., 59 Broadway, 
North Haven, Conn. (i) 
(See Ad, Page 218) 


Aero Gasket Corp., 763 Hanover Rd., 
Meriden, Conn. (f, g) 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia " Pa. (a, b, Cc d, e, f, i) 


Arcy Mfg. Co. Inc., 120 ww 3 St., 
New York 38, N. Y. (a, b, c, d, f g 
i, j) 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, g, i) 
(See Ad, Page 226) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (a, b, c, d, e, £, 
g, i) 

C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 
(g, i) 

Detroit Gasket & * & ., 12640 Burt 
Rd., Detroit 23, Mi (f) 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. (a, g, i) 


The D. S. D. Mfg. Co., 2964 Whitney 
Ave., Hamden, Conn. (i) 


Faul & Timmins Inc., 699 Seneca, Buf- 
falo, N. Y. (£) 


Flexitallic Gasket Co., 
den, N. J. (j) 


Gasket Mfg. Co., 319 W. 
Angeles, Calif. (g, i) 
General Hermetic Sealing Corp., 99 East 
Hawthorne Ave., Valley Stream, N. Y. 

(i) 
a ~ Belting & Gasket Co., 1818 wee 
let, New Orleans 12, La. (b, c, d, e, £, g) 


x “tH Packing “a - Washington 
, Buffalo 3, N. Y. (a, £, g, i> 


Hydraulic Packings Co., 2114 Fourth Ave. 
S., Minneapolis 4, Minn. (g) 


ee ee, 22 East 40th St. New 
York 16, i. . @&a AY 
See Ad, Page 227) 


Lamons Metal Gasket Co., 3600 Canal 
St., P. O. Box 947, Houston 1, Tex. 


(a, b, c, d, e, £, g, i) 


926 Eighth, Cam- 


17th St., Los 
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Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (a, b, g, i) 


H. K. Metal Craft Mfg Co., 3786 Tenth 
Ave. at 203rd St., New York 34, N. Y. 
(g) 

Metallo Gasket Co., Bethany & French, 
New Brunswick, N. J. (a, b, c, d, e, 
f, g, i) 

Miller Gasket Mfg. Co. Inc. 2113 E. 
Florence Ave., Huntington Park, Calif. 
(g, i) 

National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St.. New York 10, N. Y. 
(, ¢ i) 


B. G. Peck Co., Lawrence, Mass. (g) 


Ptaudler Co., 1111 West Ave., Rochester, 
N. Y. (e, £, g) 


Pilot Packing Co. Inc., 237 Glen Cove 
Ave., Sea Cliff, N. Y. (b, c, d, e, f) 


The Staver Co. Inc., 41 North Saxon Ave., 
Bay Shore, L. L, N. Y. (a, b, f, g, i) 


Sterling Asbestos & Rubber Co., 134 W 
52nd, New York 19, N. Y. (b, f) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (a, b, c, d, e, f, 
g, i, D 

Stevens Asbestos Products Co., 513 S. 
Trenton, Tulsa, Okla. (a, b, c, d, f, g, i) 


United Aircraft Products Inc., United 
Metallic O Ring Div. 1116 Bolander 
Ave., Dayton |, Ohio (i) 

(See Ad, Page 216) 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. (f, g) 


Universal Products, Brockton, Mass. (g, i) 


U. S. Gasket & Shim Co., 2743 Second 
St. N., Cuyahoga Falls, Ohio (g, i) 


Victor Mfg. & Gasket Co., 5750 Roose- 
velt Rd., Chicago 90, Ill. (f, g, h, i) 


Nickel 


The Advanced Products Co., 59 Broad- 
way, North Haven, Conn. (i) 
(See Ad, Page 218) 


Aero Gasket Corp., 763 Hanover Rd., Mer- 
iden, Conn. (g) 

Aeroquip Corp., 11214 Exposition Blvd., 
Los Angeles 64, Calif. (a) 


Arcy Mfg. Co. Inc., 120 Beekman St., New 
York 38, N. Y. (a, b, ¢, d, £, g, i, j) 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, g. i) 
(See Ad, Page 226) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (a, b, c, d, e, 
f, g, i) 

C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 
(g, i) 

Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. (a, g, i) 


The D. S. D. Mfg. Co., 2964 Whitney 
Ave., Hamden, Conn. (i) 


Flexitallic Gasket Co., 926 Eighth, Cam- 
den, N. J. (j) 


ringside view of United's 
exclusive feature for 


Pressure Tight Seals 


a 
United's exclusive, patented* 





self-energized metallic O-rings 
are circular tubes vented by tiny 
holes drilled in the ring wall. 
The holes are to balance the in- 
terior and exterior pressures in 
order that the ring may respond 
to variation in deflection of the 
sealing surfaces with a natural 
resilience uninhibited by the ex- 
ternal pressure. 


In metal-to-metal applications, 
self-energized metallic O-rings are capable of forming positive, 
permanent, non-corrosive static seals under extreme temperatures 

from 321°F. to 1800°F., and under pressures equal to ultimate 
compression stress of the metal itself. Available in various metals 
and finishes (including Teflon* and silver coatings,) %%” dia. to any 
size or configuration. United also makes non-vented and pressure- 
filled O-rings. Write tor free 22-page booklet. 


*Registered trademark for DuPont Tetrafluoroethylene resins PATENTS 2.809.269: *2.637.360 


Circle $-56 on Page 19 


Gasket Mfg. Co., 319 W. 17th St. Los 
Angeles, if. (g, i) 

General Hermetic Sealing Corp., 99 East 
Hawthorne Ave., Valley Stream, N. Y. 
(i) 

Gulf Belting & Gasket Co., 1818 Caron- 
delet, New Orleans 12, La. (b, ¢, d, 
e, f, g) 

Hercules Packing Corp., 327 Washington 
St., Buffalo 3, N. Y. (a, E, g, i) 


Hydraulic Packings Co., 2114 Fourth Ave. 
S., Minneapolis 4, Minn. (g) 


Johns-Manville, 22 East 40th Si., New 
York 16, N. Y. (a, b, ¢, f, i, jf) 
(See Ad, Page 227) 


" Lamons Metal Gasket Co., 3600 Canal 


St.. P. O. Box 947, Houston 1, Tex. 
(a, b, c, d, e, £, g, i) 

Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (a, b, g, i) 

H. K. Metal Craft Mfg. Co., 3786 Tenth 
Ave. at 203rd St., New York 34, N. Y. 
(g) 

Metallo Gasket Co., Bethany & French, 
New Brunswick, N. J. (a, b, ¢, d, e, 
f, g, i) 

Miller Gasket Mfg. Co. Inc., 2113 E. Flor- 
ence Ave., Huntingdon Park, Calif. (g, i) 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 
(, g. i) 

B. G. Peck Co., Lawrence, Mass. (g) 


Pfaudler Co., 1111 West Ave., Rochester, 
N. Y. (e, £, g) 


Precision Piston Rings Inc., 1417 Com- 
merce St., Indianapolis, Ind. (g, h) 


The Staver Co. Inc., 41 North Saxon Ave., 
Bay Shore, L. L, N. Y. (a, b, g, i) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (a, b, c, d, e, 
, g, i, j) 


Stevens Asbestos Products Co., 513 S. 
Trenton, Tulsa, Okla. (a, b, ¢, d, f, g, i) 


United Aircraft Products Inc., United Me- 
tallic O Ring Div., 1116 Bolander Ave., 
Dayton 1, Ohio (i) 

(See Ad, Page 216) 


Universal Packing & Gasket Co. Inc., 
5200 Clinton Drive, Houston, Tex. (g) 


Universal Products, Brockton, Mass. (g, i) 


E. B. Wiggins Oil Tool Co., Inc., 3424 
E. Olympic Blvd., Los Angeles 23, 
Calif. (i) 


iron and Steel 


The Advanced Products Co., 59 Broad- 
way, North Haven, Conn. (i) 
(See Ad, Page 218) 


Aero Gasket e &€ 763 Hanover Rd., Mer- 
iden, Conn. (f, g) 


Arcy Mfg. Co. Inc., 120 Beekman St., New 
York 38, N. Y. (a, b, ¢, d, £, g, i, j) 


Auburn Mfg. Co., Pease Ave. & Stack St., 


Middletown, Conn. (a, b, g, i) 
(See Ad, Page 226) 
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Auto-Diesel Piston Ring Co., 1440 E. 32nd 
St., Cleveland 14, Ohio (i) 


The Breiner. Co. Inc., 2820 Barnes Ave., 
Indianapolis 23, Ind. (a, b, g, i) 

Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (a, b, c, d, e, £, 
g, i) 

C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 
(g, i) 

Detroit Gasket & Mfg. Co., 12640 Burt 
Rd., Detroit 23, Mich. (f, g) 

Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. (a, g, i) 

Faul & Timmins Inc., 699 Seneca, Buf- 
falo, N. Y. (b, d, f) 

Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. (b, £, g, h) 

Flexitallic Gasket Co., 926 Eighth, Cam- 
den, N. J. (j) 

Gasket Mfg. Co., 319 W. 17th St., Los 
Angeles, Calif. (f, g, i) 

General Hermetic Sealing Corp., 99 East 
Hawthorne Ave., Valley Stream, N. Y. 
(i) 

Gulf Belting & Gasket Co., 1818 Caron- 
delet, New Orleans 12, La. (b, ¢, d, e, 
f, g) 

Hercules Packing Corp., 327 Washington 
St., Buffalo 3, N. Y. (a, £, g, i) 

Hydraulic Packings Co., 2114 Fourth 
Ave. S., Minneapolis 4, Minn. (g) 

Johns-Manville, 22 East 40th St, New 
York 16, N. Y. (b, c. f, i, j) 

(See Ad, Page 227) 


Lamons Metal Gasket Co., 3600 Canal St., 
P. O. Box 947, Houston 1, Tex. (a, b, 
c, d, e, F, g, i) 

Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (a, b, g, i) 

McCord Corp., Ripille at E. Grand Blvd., 
Detroit 11, Mich. (E, g, h, i) 

H. K. Metal Craft Mfg. Co., 3786 Tenth 
Ave. at 203rd St., New York 34, N. Y. 
(g, h) 

Metallo Gasket Co., Bethany & French, 
New Brunswick, N. J. (a, b, ¢, d, e, 
f, g, i) 

Miller Gasket Mfg. Co. Inc., 2113 E. Flor- 
ence Ave., Huntingdon Park, Calif. (g, i) 


National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 


(f, g, i) 
B. G. Peck Co., Lawrence, Mass. (g) 


Pilot Packing Co. Inc., 237 Glen Cove 
Ave., Sea Cliff, N. Y. (b, ¢, d, e, £, j) 


Precision Piston Rings Inc., 1417 Com- 
merce St., Indianapolis, Ind. (g, h) 


John R. Robinson Inc., 30th St. & 38th 
Ave., Long Island City, N. Y. ¢, j) 


St. Marys Carbon Co., St. Marys, Pa. (i) 


The Staver Co. Inc., 41 North Saxon Ave., 
Bay Shore, L. L, N. Y. (a, b, c, d, £, 
g, i, j) 

Sterling Asbestos & Rubber Co., 134 W. 
52nd, New York 19, N. Y. (b, f) 
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and still get serviceability! 


_ 


Gask-O-Seals meet, or exceed grade A MiIL-8484 specifications 
for hermetic sealing, yet they are mechanical. That means you can 
seal a vacuum and still achieve full serviceability — easy access for 
repair, maintenance, re-setting, etc. You can seal components, “black- 
boxes,” instruments, even complete systems — and re-seal them with 
the same seal! 

The seal shown below illustrates the versatility of Gask-O-Seal — 
one piece seal actually doing the job of ten! Think of the freedom of 
design such a seal offers. Can they be put to use for your products, too? 


The chart at right is an actual 
reproduction of a test which reveals 
a leak rate of less than 1 cc/air/ 
inch/year—exceeding top hermetic 
requirements. 

For more information about 
Gask-O-Seals send for catalog 
5800. 


LEAK RATE OF 8318-7 A 


Gask O Seal 


(Cuba contimeters Aw inch Year) 


e 


pirers 
peresot ll 
eettcea 
“~ "Pee. oF 


arker SEAL COMPANY 


Culver City, California and Cleveland, Ohio 
A DIVISION OF PARKER-HANNIFIN CORPORATION 


Parker also makes Seals for Wave Guide Flanges that prevent R/F leakage and provide a 
positive no-leakage seal; a self sealing flush-head rivet called Riv-O-Seal, and many 
other specialized seals as well as O-Rings and Back-up Rings. Your inquiry is invited. 


Circle $-57 on Page 19 


7g - i ce 
ioe adv pe BZ 





PRODUCT DIRECTORY 





Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (a, b, Cc d, e, s 
g, i, }) 

Stevens Asbestos Products Co. 513 S. 
Trenton, Tulsa, Okla. (a, b, c, d, £, g, i) 

United Aircraft Products Inc., United Me- 
tallic O Ring Div., 1116 Bolander Ave., 
Dayton |, Ohio (i) 

(See Ad, Page 216) 

Universal Packing & Gasket Co. Inc., 5200 

Clinton Drive, Houston, Tex. (£, g, i) 


Universal Products, Brockton, Mass. (g, i) 
U. S. Gasket & Shim Co., 2743 Second 
St. N., Cuyahoga Fails, Ohio (g, i) 
Victor Mfg. & Gasket Co., 5750 Roosevelt 

Rd., Chicago 90, Ill. (f, g, h, i) 


Wisconsin Gasket & Mfg. Co., Granville, 
Wis. (g) 


Chrome Steel 


The Advanced Products Co., 59 Broad- 
way, North Haven, Conn. (i) 


(See Ad, Page 218) 


Aero Gasket Corp., 763 Hanover Rd., Mer- 
iden, Conn. (g) 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. (a, b, c, d, e, f, j) 


Arcy Mfg. Co. Inc., 120 Beekman St., New 
York 38, N. Y. (a, b, ¢, d, £, g, i, j) 


Auburn Mfg. Co., Pease Ave. & Stack St., 
Middletown, Conn. (a, g, i) 
(See Ad, Page 56) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (a, b, c, d, e, £, 
& i) 

C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 
(g, i) 

Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. (a, g, i) 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. (b, £, g, h) 

Flexitallic Gasket Co., 926 Eighth, Cam- 
den, N. J. (j) 


Gasket Mig. Co., 319 W. 17th St. Los 
Angeles, Calif. (g, i) 

Gulf Belting & Gasket Co., 1818 Caron- 
delet, New Orleans 12, La. (b, c, d, 
e, f, g) 

Hercules Packing Corp., 327 Washington 
St., Buffalo 3, N. Y. (a, f, g, i) 

Hydraulic Packings Co., 2114 Fourth Ave. 
S., Minneapolis 4, Minn. (g) 

Johns-Manville, 22 East 40th St., New 


York 16, N. Y. (a, b, ¢, £, i, j) 
(See Ad, Page 227) 


Lamons Metal Gasket Co., 3600 Canal St., 
P. O. Box 947, Houston 1, Tex. (a, b, 
c, d, e, F, g, i) 


Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (a, b, g, i) 


H. K. Metal Craft Mfg. Co., 3786 Tenth 
Ave. at 203rd St.. New York 34, N. Y. 
(g) 





ADVANCED PRODUCTS 
METAL-O-RINGS 


AVAILABLE IN 
ALL SIZES 


A VARIETY OF ALLOYS & PLATED OR COATED RINGS 
FOR USE UNDER EXTREME TEMPERATURES, PRESSURES 


® Fuel Lines 
® Hydraulic Lines 
® Liquid Gas Lines 


®@ Pressure Vessels 
® Vacuum Connections @ Radioactive Materials 
® Vapor Gas Lines 


® Acids & Corrosives 


®@ Chemical Processing 
®@ Plastics Processing 


IN AIRCRAFT, MISSILE, ATOMIC ENERGY & INDUSTRIAL 
USES. WRITE FOR DESIGN MANUAL TODAY. 





60 BROADWAY 





QVANCED 


rrooveTs 





NORTH HAVEN, CONN. 
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Metallo Gasket Co., Bethany & French, 
New Brunswick, N. J. (a, b, ¢, d, ¢, 
f, g. i) 

Miller Gasket Mfg. Co. Inc., 2113 E. Flor- 
ence Ave., Huntingdon Park, Calif. (g, i) 

National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 
(f, gD 

B. G. Peck Co., Lawrence, Mass. (g) 


Precision Piston Rings Inc., 1417 Com- 
merce St., Indianapolis, Ind. (g, h) 


The Staver Co. Inc., 41 North Saxon Ave., 
Bay Shore, L. L, N. Y. (a, b, g, i) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (a, b, c, d, e, 
f, g. i, 2 

Stevens Asbestos Products Co., 513 S. 
Trenton, Tulsa, Okla. (a, b, c, d, £, g, i) 

United Aircraft Products Inc., United Me- 
tallic O Ring Div., 1116 Bolander Ave., 
Dayton 1, Ohio (i) 

(See Ad, Page 216) 

Universal Packing & Gasket Co. Inc., 5200 

Clinton Drive, Houston, Tex. (g) 


Universal Products, Brockton, Mass. (g, i) 


Stainless Steel 


The Advanced Products Co., 59 Broadway, 
North Haven, Conn. (i) 
(See Ad, Page 218) 


Aero Gasket ., 763 Hanover Rd., Mer- 
iden, Conn. ( ’ g) 

Aeroquip Corp., 11214 Exposition Blvd., 
Los Angeles 64, Calif. (a) 


Anchor Packing Co., 401 N. Broad St., 
Philadelphia 8, Pa. (a, b, c, d, e, £, j) 


Arcy Mfg. Co. Inc., 120 Beekman St., New 
York 3, N. Y. (a, b, c, d, £, g, i, j) 


Auburn Mfg. Co., Pease Ave. & Stack St., 


Middletown, Conn. (a, b, c, d, £, g, i) 
(See Ad, Page 226) 


The Breiner Co. Inc., 2820 Barnes Ave., 
Indianapolis 23, Ind. (a, b, g, i) 


Chicago-Wilcox Mfg. Co., 77th & Avalon 
Ave., Chicago 19, Ill. (a, b, c, d, e, 
f, g, i) 

C. Lee Cook Co., Airtomic Products Div., 
916 South Eighth St., Louisville, Ky. 
(g, i) 

Detroit Gasket & Mfg. Co., 12640 Burt 
Rd., Detroit 23, Mich. (e, £, g) 


Double Seal Ring Co., 2065 Montgomery 
St., Fort Worth 7, Tex. (a, g, i) 


The D. S. D. Mfg. Co., 2964 Whitney 
Ave., Hamden, Conn. (i) 


Felt Products Mfg. Co., 7450 N. McCor- 
mick Blvd., Chicago 80, Ill. (a, b, £, h) 


Flexitallic Gasket Co., 926 Eighth, Cam- 
den, N. J. Gj) 


Gasket Mfg. Co., 319 W. 17th St. Los 
Angeles, Calif. (g, i) 


General Hermetic Sealing Corp., 99 East 
a Ave., Valley Stream, N. Y. 
i 
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Gulf Belting & Gasket Co., 1818 Caron- 
delet, New Orleans 12, La. (b, c, d, e, 
f, g) 

Harrison Mfg. Co., 2908 N. Naomi, Bur- 
bank, Calif. (i) 

Hercules Packing Corp., 327 Washington 
St., Buffalo 3, N. Y. (a, £, g, i) 


Hydraulic Packings Co., 2114 Fourth Ave. 
S., Minneapolis 4, Minn. (g) 


Johns-Manville, 22 East 40th St., New 


York 16, N. Y. (a, b, ¢, £, i, j) 
(See Ad, Page 227) 


Lamons Metal Gasket Co., 3600 Canal 
St.. P. O. Box 947, Houston 1, Tex. 
(a, b, c, d, e, £, g, i) 

Manufacturers Gasket Co., 1005 Belt Line 
Rd., Cleveland, Ohio (a, b, g, i) 


McCord Corp., Ripille at E. Grand Blvd., 
Detroit 11, Mich. (g) 


H. K. Metal Craft Mfg. Co., 3786 Tenth 
Ave. at 203rd St., New York 34, N. Y. 
(g) 

Metallo Gasket Co., Bethany & French, 
New Brunswick, N. J. (a, b, c, d, e, 
f, g, i) 

Miller Gasket Mfg. Co. Inc., 2113 E. Flor- 


ence Ave., Huntingdon Park, Calif. 
(g, i) 

National Gasket & Washer Mfg. Co. Inc., 
124 East 25th St., New York 10, N. Y. 
(f, g, i) 

National Utilities Corp., 826 S. Arroyo 
Parkway, Pasadena 2, Calif. (g) 

B. G. Peck Co., Lawrence, Mass. (g) 


Pfaudler Co., 1111 West Ave., Rochester, 
N. Y. (e, £, g) 


Pilot Packing Co. Inc., 237 Glen Cove 
Ave., Sea Cliff, N. Y. (b, c, d, e, £, j) 


Precision Piston Rings Inc., 1417 Com- 
merce St., Indianapolis, Ind. (g, h) 


John R. Robinson Inc., 30th St. & 38th 
Ave., Long Island City, N. Y. (j) 


The Staver Co. Inc., 41 North Saxon Ave., 
Bay Shore, L. L, N. Y. (a, b, c¢, d, £, 
gz, i, j) 

Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (a, b, c, d, e, 
f, g. i, D 

Stevens Asbestos Products Co., 513 S. 
Trenton, Tulsa, Okla. (a, b, c, d, £, g, i) 


United Aircraft Products Inc., United Me- 
tallic O Ring Div., 1116 Bolander Ave., 
Dayton 1, Ohio (i) 

(See Ad, Page 216) 


Universal Packing & Gasket Co. Inc., 5200 
Clinton Drive, Houston, Tex. (g) 


Universal Products, Brockton, Mass. (g, i) 


U. S. Gasket & Shim Co., 2743 Second 
St. N., Cuyahoga Falls, Ohio (g, i) 


Victor Mfg. & Gasket Co., 5750 Roosevelt 
Rd., Chicago 90, Ill. (f, g, h, i) 


E. B. Wiggins Oil Tool Co., Inc., 3424 
E. Olympic Blvd., Los Angeles 23, Calif. 
(i) 

Wisconsin Gasket & Mfg. Co., Granville, 
Wis. (g) 
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Flexible temperature range 


-100°F TO 500°F 


COHRIastic R-10470 silicone sponge rubber sheets have a dense, 
uniform, non-absorbing closed cell structure highly suitable for 
soft gasketing, vibration dampening, fairing strips, pads, cushions 
and other applications where resiliency at extreme temperatures 
is required. It may be bonded to metals, plastics, fabrics or sili- 
cone rubber. COHRIastic R-10470 possesses superior compres- 
sion set resistance, excellent dielectric properties, immunity to 
aging, ozone and weather hardening. 

COHRIastic R-10470 meets: AMS 3195; AMS 3196; Boeing 
BMS 1-23; Martin- MMS C451 and MB 6103; Scintilla 9-3143; 
Bendix ES-0709; Douglas DMS 1597; Lockheed LAC 1-924; 
Minneapolis Honeywell 6384-3 and Sperry Gyroscope P.691.764 
Type HTM. 

AVAILABLE FROM STOCK: in 12” x 12” sheets and 24” x 
24” sheets— 4,” through %”. Special thicknesses and sheet 
sizes up to 30” x 30” and 24” x 48’’ can be made to order. 
COHRIastic R-10470 is sold nationally through distributors. 


CHR PRODUCTS INCLUDE: Airframes and engine seals, firewall seals, 
and coated fabrics; Silicone rubber moldings and extrusions, silicone rubber 
sheets, silicone sponge rubber; silicone cements; conductive gasketing; and 
Temp-R-Tapes — pressure-sensitive, thermal curing Teflon* Fiberglas and 
silicone rubber tapes. 


FREE SAMPLE and folder — write, phone or use inquiry service. 


Leader in Fabrication of Silicone Rubber Products 


*Reg. T. M. DuPont 
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(GG CONNECTICUT HARD RUBBER CO. 


Main office: New Haven 9, Connecticut 
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Which (Armstrong resilient gasket 


Efficient, economical sealing with resilient gasket materials begins with 
consideration of factors such as: flange design; flange pressure; temperature; 
internal pressure; contained fluid; environment; price. Because the complexity 
of the problem rules out the practicality of a universal material, Armstrong 
has developed five general classes of resilient gaskets. They include 48 
different types, and among these, it is likely you will find one or more 

that will meet your need. 


Accopac— 
asbestos fiber 





Synthetic rubber 





Accopac— 
cellulose fiber 





Cork-and-rubber 
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for your job? 


These are beater-saturated combinations of asbestos 
fiber and nitrile-, styrene-, or chloroprene-type latex 
binders. Free of undispersed clumps of fibers, they are 
unusually uniform, tough, flexible, and easy to handle 
even in 1/64” gauge. Torque retention characteristics 





Send for new catalog 


This new 20-page booklet 
contains detailed information 
on the broad line of Armstrong 
resilient gasket materials. 


Refer to it in Sweet’s product 
design file or send for 

a free personal copy. Write to 
Armstrong Cork Company, Industrial 
Division, 7101 Dean Street, 
Lancaster, Pennsylvania. 





and resistance to extrusion are excellent. For this rea- 
son, Accopac asbestos materials are widely used in 
heavy-duty applications at temperature range of cellu- 
lose materials (up to 300° F.) as well as in the normal 
range for asbestos gaskets (300° F. to 800° F.). 





These are special formulations based on a variety of 
standard synthetic polymers, including silicone and 
fluorocarbon types. They provide a wide range of hard- 
ness, elasticity, and tensile strength. 

Straight rubber compounds are extensible and non- 


compressible, suitable for applications where the gas- 
ket must be assembled over a projection or where it 
must flow into threads or recesses. These materials 
have generally good resistance to solvents, oils, water, 
heat, oxidation, sunlight. Low compression set. 





General-purpose beater-saturated fiber materials. Syn- 
thetic latex binders (nitrile-, styrene-, or chloroprene- 
type rubber) are non-volatile and non-extractable in 
any recommended application. Accopac materials are 
dimensionally stable, will not warp, shrink, or dry out. 


These materials offer the double economy of long serv- 
ice life and low initial cost. 

Six Accopac cellulose materials are available. They 
accommodate a wide range of unit loads and sealed 
fluids, at flange temperatures up to 300° F. 





These materials provide a transition from the com- 
pressibility of cork composition to the non-compressi- 
bility of straight rubber. Will compress from 20% to 
33% without excessive sideflow, depending on cork 
content of particular compound. Fifteen Armstrong 


cork-and-rubber materials are available. These com- 
pounds are made with nitrile-, styrene-, chloroprene-, or 
butyl-type binders. Chemical resistance is comparable 
to corresponding base polymers. Several types meet 
MIL-G-6183 and other specifications. 
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Widely used general-purpose gasket materials. Avail- 
able with resin or protein binders or a new, continuous 
phase elastomeric binder (Uniphase Cork). Density 
varies from 14 to 28 Ibs. per cu. ft., and compressibility 
varies from 5% to 50% at 100 psi depending on 


composition. (Nine Armstrong compounds available.) 
Cork compositions are compressible without appreci- 
able sideflow. They have excellent resistance to oil and 
solvents and have high friction whether dry or wet. 
The Uniphase compounds are virtually fungusproof. 


(Aymstrong GASKET MATERIALS 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 





PRODUCT DIRECTORY 


ROGERS FIBERLOYS* 


TEFLON & VITONA @& ASBESTOS-RUBGBER @ SILICONE 





Material 


General Description 


Outstanding Properties 


Fabricating Methods 


Application Considerations 





DUROID 900 
SERIES 


DUROID 3102 
SERIES 


DUROID 3200 
SERIES 


DUROID 3300 
SERIES 


DUROID 5600 
SERIES 


RUBBER 


SILICONE, VITON 
AND REINFORCED 
VITON 





fibers and 
combined by 
into @ 
sheet 
125” 


Cellulose 
BUNA-N 
beater saturation 
homogeneous 
Gauges 015” to 


Neoprene latex and as 
bestos fibers. All materials 
are non-extractible, non 
volatile. Gauges: .0!15” te 
125”. Sheet size 25” «x 
54” for 015” and 50” «x 
1S” for all other geuges 


Asbestos fibers and 
BUNA-N. All materia! 
sre non-extractible, non- 
volatile. Gauges: .015” t 
125”. Sheet size 25” « 
54” for 015” and 50” «x 
1S” for all other gauges 


Asbestos fibers ar 

BUNA.-S. Aijl materials 
are non-extractible 
volatile. Gauges: .015” t 

125” size 25” «x 
54” for 015” and 50” x 
'S” for all other gauges 


non 


Sheet 


Asbestos fiber-Viton A 
combined by beater addi 
homogeneous 
sheets supplied in gauges 
»f O15” to .125” 


tion into 


Teflon reinforced with 
high tempereture fibers or 
modifiers to form homo 
geneous sheet, rod and 
tube. 


Hard or soft cellular 
types or mechanical type: 
of rubber. Also fluori- 
nated elastomers. 


Compounded with or 
without fillers in various 
formulations to meet cus- 
tomer requirements. 





High tear and bursting 
strengths. Withstands hy 
draulic pressures and ef 
fect of oil at high temper- 
atures. Formulation can 
be varied somewhat to 
meet special compressi- 
bility requirements, 


Homogeneous, featuring 
fiber -by-fiber saturation 
with elastomer. Uniform 
compressibility and recov 
ery characteristics, which 
can be modified to meet 
specific requirements 


Homogeneous blend of 
rubber and fiber. Uniform 
compressibility and recov- 
ery. Additives can be em- 
ployed to vary these 
properties to meet spe- 
cific requirements. 


Homogeneous blend of 
fiber and elastomer. Uni- 
form compressibility and 
recovery. Additives can 
be introduced to vary 
these properties to meet 
specie! requirements. 


Good performance at 
500°F and up, resists most 
of the new exotic lubri 
cants, fuels and hydraulic 
liquids. 


Substantially higher than 
Teflon in resistance to 
cold flow and heat distor- 
tion. Exceptional resist- 
ance to chemicals, includ 
ing fuming nitric acid, 
liquid oxygen. 


Materials can be com- 
pounded to meet specific 
needs in temperature, 
chemical and physical 
characteristics. 


Retention of physical 
characteristics from 
—100° to SOO'F. Excel 
lent electrical and thermal 
properties. 





Conventional gasket 
cutting techniques on 
power presses, using steel 
rule of compound dies. 


Conventional gasket 
cutting techniques. 


Conventional gasket 
cutting techniques. 


Conventional gasket 
cutting techniques. 


Conventional gasket 
cutting techniques. 


Conventional gasket 
cutting techniques. Fabri- 
cated pieces have clean 
edges. Also can be com- 
pression molded and 
eadily machined. 


Supplied as finished parts, 
molded to desired con- 
tours. 


Supplied by Rogers as 
finished parts molded to 
specifications. 





For finely machined 
surfaces. 


Recommended for oil, 
gasoline, freon, and wa- 
ter systems with anti- 
freeze. 


Conforms with AMS 
3232F and ASTM D!170- 
SIT, G-1122-1 specifica- 
tions. Use in gasoline and 
oil systems. 


Use in water and steam 
service and in water sys- 
tems with anti-freeze. 


Super-resistance of this 
material to heat and 
fluids suggests use in air- 
craft and missile com- 
ponents and chemical 
processing equipment. 


Gaskets, seals, back-up 
rings for applications re- 
quiring highest resistance 
to corrosive chemicals, 
pressure and high tem- 
peratures (500° F and 
better). 


When physical properties 
of rubber are desired in 
combination with special 
chemical and/or tempera- 
ture requirements. 


Gaskets, seals, mechanical 
rubber parts subjected to 
temperature extremes. 





FIBERLOYS® are non-metallic “alloys” 
made by combining fibers and chemi- 
cals for use where conventional ma- 
terials do not meet the demands of 
modern technology. Your request for 
technical data on ony of the above 
materials will be handled promptly. 


ROGERS CORPORATION 


ROGERS, CONNECTICUT 


PLANTS IN ROGERS, MANCHESTER AND WILLIMANTIC, CONNECTICUT 
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G—GASKETS 


CHOOSE THE GASKET 
FOR THE JOB 


Garlock can furnish an extensive line 
of gasketing materials to meet a wide 
range of service a aged 
your sheet or cut gaskets from the 
GASKETS a yey og A synthetic 
. . rubber and long fibre asbestos, supe- 
in Design rior for hot oil service a F; 
: : GARLOCK 7228 high quality neo- 
Engineering prene and long fibre asbestos, for 
gasoline, naphtha, benzine and other 
hazardous liquids and solvents, tem- 
perature to 300° F; GARLOCK 8748 
Buna-N binder and long fibre asbestos, 
an outstanding gasketing material for 
carburetor service, temperatures to 
500° F; GARLOCK 7705 synthetic 
rubber with blue African asbestos 
fibre, excellent against hot and cold 
mineral acid; GARLOCK 900 long 
fibre asbestos with synthetic binder, 
for service against steam, gas, air, 
temperatures to 700° F; GARLOCK 
7772, long fibre asbestos with syn- 
thetic binder, white in color, for serv- 
ice in chemical and petrochemical 
process equipment where leeching is a 
problem, temperatures to 700° F. 
Other gasketing materials available to 
meet your specific requirements. 


For corrosives at extreme temperatures, 
Garlock offers Teflon* gaskets in a 
variety of styles. SOLID TEFLON 
GASKETS for use on A.S.A. metal- 
to-metal flanges are chemically inert, 
tough, non-adhesive at temperatures 
from —110° F to +500° F. Furnished 
in ring or full face sizes for all standard 
pipe sizes from 1” to 12”. Will with- 
stand pressures up to 300 psi. TEF- 
LON-JACKETED GASKETS offer 
the advantage of using Teflon without 
sacrificing resiliency and deforma- 
bility. Applied widely to glass-lined 
ee — metal —- es, 

High temperature gaskets come in sheet form (upper left) or cut Sy ataiie te of ts ttings. ers 

* : i ; ypes of gasketing 

— ae ee materials. SPECIAL TEFLON GAS- 
KETS of all shapes can be furnished 
to your drawing or template. Catalog 
AD-154. 


GA RLOC HK 


Discuss gasketing with your local 
Garlock representative. You'll find 
him at the nearest of the 26 GAR- 
LOCK sales offices and warehouses 
throughout the United States and 
Canada. Or, write Garlock Inc., 
Palmyra, N. Y. 

Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket 
Company 

Order from the Garlock 2,000 .. . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products. 

*DuPont Trademark for TFE Fiuorocarbon Resin 
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PRODUCT DIRECTORY 


... easy release without messy coating 
... No delamination 


Furnished in rolls, coils, sheets SPAULDING 44 GASKET MATERIAL... 


or precision fabricoted. 
Talchnese: .067" through .031" gives the engineer new freedom to cope with critical 
Welchnees Tolerance: Plus or estaun 10% characteristics of design through its uniform compressibility 
ety ee and recovery, high tensile strength, cleanliness 
Congrecsten Soh: 18% Menten and resistance to fuels and oils. 
Recovery: 50% Minimum after 1000 Spaulding 44 is typical of Spaulding’s countless 
pat, tons applications for industry. 

Tensile Strength: : , 
“Longitudinal — 10,000 pst. Progress Reports on other Spaulding materials 

Treneverse = 4,000 pel. Minimum are available on request. 
For More Data, write Speviding 


SPAULDING FIBRE COMPANY, INC. 


391 WHEELER STREET + TONAWANDA, NEW YORK 
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R/M CAPABILITY 
develops these outstanding gasket materials 


R/M FLUOROBESTOS® (for LOX and cryo- 
genic service). A high grade, long-fiber as- 
bestos unwoven sheet thoroughly impregnated 
with Teflon. It has the same sealing and 
physical characteristics as compressed asbes- 
tos sheet, with the added benefits of Teflon. 


These five gasket materials are outstanding examples of 
R/M’s capability in the development of coated cloths and 
asbestos sheets to meet the exacting and varied require- 
ments of industry. 


R/M No. RL-638. A wire-inserted, woven as- 
bestos fabric coated with neoprene com- 
pound and aluminum finish. It is ideal for 
use as seals against extreme heat and where 
high-temperature (2000°F) flame penetra- 
tion resistance is required. Its light weight 
is a plus value. Meets FAA Specification 
CAR-046-075 (a) for Fireproof Materials 
FAA Release #259, Section 1, Part B 1. 


R/M Wo. 606. A silicone-coated asbestos 
cloth which retains its flexibility even after 
extended exposure to 500°F and intermittent 
exposure to temperatures as high as 650°F 
and as low as —100°F. It also offers excel- 


Low cold-flow characteristics permit its use 
in continuous and cycling temperatures to 
550°F. It is serviceable at temperatures as 
low as —300°F. 


R/M No. A-56. A compressed asbestos sheet 
made from spinning grade long-asbestos fiber. 
Its binder is a heat resistant, nonreverting 
synthetic compound. It has an average ten- 
sile strength of 8000 psi and is the only 
compressed asbestos sheet made commercially 
in thickness of .008 in. +.001 in. It has 
high heat resistance — is withstanding flange 
temperatures of 900 to 1100°F where in- 
ternal temperatures are as high as 1400°F. 


lent resistance to ozone, sunlight and oil. 


R/M No. 607. A Tefion*-impregnated asbes- Get complete information about these and other R/M 
when J Poromytene power hem bee wn egg gasket materials. Write for our Mechanical Packings and 
Tefion with the desirable qualities of asbestos Gasket Materials Catalog. And remember R/M experience 
cloth to provide great flexibility, compressi- in the manufacture of these products is at your disposal — 


bility and abrasion resistance. call on us whatever your needs. 





SPECIFY R/M TO YOUR GASKET CUTTER *Regi d trad rk for Du Pont fluorocarbon resins 


RAYBESTOS-MANHATTAN. INC. 


PACKINGS 


PACKING DIVISION, PASSAIC, W.J. 
MECHANICAL PACKINGS AND GASKET MATERIALS 
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PRODUCT DIRECTORY 


WE FABRICATE IN MORE THAN 


DIFFERENT 
MATERIALS!* 


GASKETS PACKINGS WASHERS 
SEALS SHIMS BUSHINGS “0” RINGS 


If it's a problem of the right material 
for the job—at the right price—Auburn 
is sure to have the perfect solution 
among the wide range of materials in 
which we work. 

Put our 87 years experience to work 
for you—Auburn’s engineers are tops 
in their field in designing and fabricat- 
ing precision sealing devices. Their 
know-how is at your command. “O” 
Rings are a speciality with us. 


lectin betaetes Bi : : 
ibre . Compositions - Phenolics . Cloth . Felt . Paper . Cardboard - Plastics 
‘Deas. Seal Conver, Atumimunat-F . Gther tpociel Motels 


Send us your specifications or blueprints. You'll receive 
prompt quotations and recommendations without obligations. 


THE AUBURN MANUFACTURING CO. 
303 Steck $t., Middletown, Conn. 


New York, N. ¥.; Rochester, N. Y.; Detroif, Mich.; Chicago, 
11.; Minneapolis, Minn.; Pittsburgh, Pa.; Cincinnati, Ohio; Ridgewood, N. J.; 
Atlanta, Ga.; Mempivs, Tenn.; St. Louis, Mo.; Camden, N. J.; Washington, D.C, 
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NO. OF SHEETS 
SHEET SIZE | THICKNESS 10-50 51-100 101 and over 
18” x 18” i" $2.75 ea $2.50 ea. $2.25 ea. 
x 3.75 ea 3.25 ea 3.00 ea 
x 4.50 ea 4.00 ea 3.75 ea 
x P 6.25 ea 5.75 ea 5.25 ea 


8.00 ea 7.25 ea 6.50 ea. 


We also manufacture specification grade 
silicone sheets in various sizes. May we 
quote on your requirements! 


Pacific MOouLDED Prooucts C0. 


905 East 59th Street « Los Angeles |, Californias ADams 1-1151 
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A better way to seal thru holes- 
airtight-gastight with 


Stat-O-Seal 


Ss. 
Many electrical connectors as 


well as other appliances, require 
ling of fasteners as well as 





flange areas. 

The drawing here outlines one 
of the many Stat-O-Seal applico- 
tions reported by  Stat-O-Seal 
users. Here the Stat-O-Seal is com- 
bined with an AN connector Gask-O-Seal 
— thus sealing both fastener and flange. 

Neor perfect sealing (equal to welding, 
brazing or soldering) resulted, plus easy 
installation and considerable economy due 
to reusability, long life and less mainten- 
ance. 

Stat-O-Seals are self-centering, one- = 
piece seals for bolts, studs, rivets and =a = 
many fittings— best from any point of view. 

Write for catalog 5422. >= 



































= 
ASS @lein'<- 
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REDUCE COSTS 
INCREASE PROFITS 


Specify RUSSELL 


As Your Preferred Source of 
Die-Cut Non-Metallic Parts 


Russell die-cut parts are priced competitively 
. thanks to modern, high speed press equip- 
ment and the newest production techniques. Rus- 
sell die-cut parts are made to meet your specifi- 
cations . . . they’re clean cut and concentric . . 
will save you time on your assembly line. Russell 
has been servicing diversified OEMS from coast 
to coast since 1945. Large and small firms find 
our competitive prices, quality and dependable 
delivery service most attractive. 


Want Proof? Your request for prices will re- 
ceive immediate attention. 


RUSSELL GASKET CO. 


7424 Bessemer Ave. Cleveland 27, Ohio 
Diamond 1-5508 Teletype CV 786 
“Die-Cut, Non-Metallic Washers, Gaskets and Seals’. 
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“Spring Action” gives you a leakproof seal 
with J-M SPIROTALLIC? GASKETS 


Johns-Manville makes a specialty of 
building a lively “spring action” into 
Spirotallic Gaskets. Because of their 
superior resiliency, Spirotallic Gas- 
kets can compensate for varying 
stresses and temperature changes 


Oval and round shapes spirally wound 
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... follow minor flange separation ... 
and absorb vibration. Even under 
these difficult circumstances, they 
keep a tight, durable seal. 

This quick adaptability has given 
Spirotallic Gaskets a tremendous 
popularity in the field. Their springi- 
ness is due to the special methods 
and control J-M uses in their manu- 
facture. Spring-like metal strips, 
formed into a special vee shape, are 
alternately spiral-wound with an as- 
bestos filler. The filler does the seal- 
ing . .. and the vee shape provides 
the “spring.” 

Another reason for the wide- 
spread acceptance of Spirotallic Gas- 
kets is the fact that when the gasket 


has been compressed the proper 
amount, it reaches optimum per- 
formance for the bolting. Many dif- 
ferent metals and fillers can be used. 
Each metal is color-coded to aid 
maintenance personnel in quick 
identification of the type of metal 
used. 

J-M produces a wide variety of 
sizes and shapes for standard 
flanges. And for special flanges, J-M 
will design and produce a gasket 
with the precise characteristics you 
require. For complete information, 
ask for J-M catalog PK-35A. Write 
to Johns-Manville, Box 14, New 
York 16, N. Y. In Canada: Port 
Credit, Ontario. 


JOHNS-MANVILLE Yj 
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SECTION 


"im Sealants 





AS EALANTS are effectively a liquid-type gasket. They are materials whose 

chief purpose is to render a unit or some portion of it tight enough to 
contain, confine or exclude liquids, gases or dust. The physical forms of 
sealants range from water-thin liquids to fairly hard solids. Pliable sealants 
are the putty-like materials, such as glazing putty and calking compounds. 
The drying sealants are materials that set by evaporation of a solvent. Cur- 
ing sealants are materials transformed from a fluid or semifluid state into 
a solid mass by chemical reaction or physical change. Sources are: 





ayn RUTTCSCAETE TT area 


Carnnsfeas, 


ttn, 
TOT rarer 


APPLY ON PIPE THREADS & CASK KEN) 


USE TO stop LEAKS in Steam Lines, Fue! Oil, Water, 
Ref (Cals, Distillates, Air, Petroleum Pr 
ta ym Anhydrous Ammonia, 
jpg eames 
WHOM 
| 
Nd JAMES K. H 
a 


“A High Grade Engineering Product” 


It will not set-up-hard nor dry out. Vibration will not affect its holding 
power. Use with rubber, asbestos, copper, cork, stainless steel and/or paper 
GASKETS TEST ORDER: 6 x 2 lb cans (12 lbs) $13.80. 
Use without gaskets cn machined surfaces of close tolerance 

Approved by Underwriters’ Laboratories, Inc. under the 

Classified heading MH 414—<Appliication No. 47C4380. 


.0035 
We Distribute DuPont's TEFLON* TAPE for Pipe Threads thick x \”"-%”"- 
0004 


%” or 1” wide , 
*DuPont Trade Mark 


Executive Office: 420 Lexington Ave., New York 17, N. Y. 
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Abesto Mfg. Corp., Wabash at Carl St. 
Michigan City, Ind. 


ee Marietta Co., Presstite-Keystone 
Products Div., 3948 Chou- 
- pure t. Louis 10, Mo. 


Allen Products Coxp.. 24170 Sherwood 
e 


Ave., Centerline, Mich. 


— Plastics n'y 77 Oakner Parkway, 


ivingston, N 


American Metaseal Corp., 607 65th, West 
New York, N. J. 


American Sealants Co., 103 Woodbine St., 
Hartford 6, Conn. 


(See Ad, Page 229) 


Angier Adhesives Div., 118 Potter, Cam- 
bridge, Mass. 


Armstrong Cork Co., Lancaster, Pa. 


Babbitt Chemical Co. Inc., Howland & 
Prospect, St. Paul, Minn. 


Samuel Cabot Inc., 141 Milk St., Boston 
Mass. ‘ 


Chemical Products Co., King Philip Rd., 
East Providence, R. I 


Chrysler Corp., Cycleweld Chemica! Prod- 
~ 5437 W. Jefferson, Trenton, 
Mic 


Coast Pro-Seal & My Oy Co., ° uae Beverly 
Blvd., Los Angeles 


Consolidated Vacuum Corp., 1767 Mt. 
Read Blvd., Rochester, N. Y. 


Crane Packing Co., 1810 Cuyler Ave., Chi- 
cago, Il. 


Dicks-Armstrong-Pontius Inc., 5312 Hu- 
berville Ave., Dayton, Ohio 


V. Di Martino Co., 7749 W. Grand Ave., 
Elwood Park, Ill. 


Electro Cote Co., 5220 Main St. N.E., 
Minneapolis 21, Minn. 


The Federal Process Co., 1120-T Citizens 
Bldg., Cleveland, Ohio 


Ww 1765 Elston, 
Chica oy tens 1a 
(See ad Page 230) 
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A LIBRARY OF BASIC 
REFERENCE INFORMATION 


for Design Engineers 


from: 


THE SEALS BOOK inaugurates 
MACHINE DESIGN’s 1961 pro- 
gram of basic reference manuals 
treating and covering vital design- 
engineering subject areas. Other 
valuable handbooks to be published 


this year are: 

THE BEARINGS BOOK... .March 30, 1961 
THE FERROUS METALS BOOK . Aug. 3, 1961 
THE ELECTRIC MOTOR BOOK . Dec. 21, 1961 


Each handbook will contain (1) a 
Design Data section, packed with 
useful engineering information for 
selecting and applying the materials 
or components covered; and (2) a 
Product or Manufacturers Directory 
offering the latest listing of ma- 
terials or components, organized by 
basic types for quick and easy refer- 
ence. 


Every reader on MACHINE 
DESIGN’s circulation list will re- 
ceive his personal copy of each 
handbook. Additional copies will be 
available at a nominal cost per 
copy. 

This entire series is designed to 
give oe the most useful, the most 
complete and current reference in- 
formation on important materials 
and components used in the every- 
day design of products. Make sure 
these valuable ks are coming to 
your department and are readily 
accessible. 


Basic Reference Manuals For Design 
Engineers 


A PENTON PUBLICATION 
CLEVELAND 13, OHIO 
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James K. Harbinson & Co. Inc., 790 Sen- 
eca, Buffalo 10, N. Y. 
(See Ad, Page 228) 


Highside Chemicals Inc., 10 Colfax Ave., 
ifton, N. J. 
(See Ad, Page 230) 


Irvington Varnish & Insulator Div., 17 
Argyle Terrace, Irvington, N. J. 


Ja . Inc., 6200 Grand Ave., Cleve- 

Yeni Bute 

H. B. Fred Kuhls, 6500 Third Ave., Brook- 
lyn, N. Y. 

Lake Chemical Co., 3052 W. Carroll Ave., 


Chicago 12, Ill. 
(See Ad, Page 230) 


Magic Chemical Co., 123 Crescent, Brock- 
ton Mass. 


Margate Mfg. Co., 204 N. Jerome Ave., 
Margate, N. J. 


Michelman Chemicals Inc., 6316 Wiehee 
Rd., Cincinnati, Ohio 


Micron Sealing Corp., 1551-T Mannheim, 
Melrose Park, Ill. 


Minnesota Mining & Mfg. Co., 900 Bush 
Ave., St. Paul 6, Minn. 


A. L. Okun Co. Inc., 109-02 Van Wyck 
Ave., South Ozone Park, N. Y. 


Permacel Div. of Johnson & Johnson, 


Route 1, New Brunswick, N. J. 


The Polymel Corp., Eastern & Paterson 
Park Aves., Baltimore, Md. 


Polyplastex International Inc., 441 Madi- 
son Ave., New York, N. Y. 


The Pro-Chem Co. Inc., 130 W. 31, New 
York, N. Y. 


Raybestos-Manhattan Inc., Raybestos Div., 
940 Rayman, Bridgeport 2, Conn. 


Reilly Tar & Chemical Corp., 1620 Mer- 
chants Bank Bldg., Indianapolis, Ind. 


Rowe Products Inc., Hyde Park College & 
Crowell, Niagara Falls, N. Y. 


Rubber-Seal Products Co. Inc., 29-41 W. 
Apple, Dayton, Ohio 


Servicised Products Corp., 6051 W. 65th 
St., Chicago 38, Ill. 


Versnick Mfg. Co., Madisonville, Ky. 


Western Sealant of Northern California, 
1666 Timothy Drive, San Leandro, Calif. 





| C. A. Norgren Company, 


| 








Loctite seals joints on 
3000 psi Gas Pressure 
Regulators . . . 


Mr. A. W. Zmuda, 
Chief Engineer 





Englewood, Col., says: 


“There are three basic requirements for 
the sealant used in the assembly of our 
new type 20AN pressure regulators: 





1. it must be a thread seal suitable for 
high pressure CO2 up to 3000 psi. 


. It must be a sealant that will permit 
the joint to be broken for servicing 
without undue difficulty. 


. It must be a sealant that does not 
contain solid particles, such as lead, 
which might find their way into the 
stream because of the necessity for 
cleanliness in the valve area. 


LOCTITE fulfills these requirements 
better than any sealant we tested.” 


Liquid Loctite hardens between metal 
parts to form a tough heat and oil-resist- 
ant bond completely filling the joint to 
insure a positive seal. Hardened Loctite 
is not affected by water, military fuels, 
hydraulic fluids, degreasing solvents and 
most chemicals. 

Loctite application is suited to mass pro- 
duction .. . requires no heat or mixing. 
Treated parts can be stored for days ... 
lock only when assembled. Any Loctite 
outside the joint remains liquid and may 
be wiped off leaving no residue to enter 
fluid stream. 

Loctite seals pipe and tubing 

joints . . . locks nuts to bolts 

... eliminates need for in- 

terference fits for bearings, 

sleeves, shafts and studs. 

Write for literature and free 

sample. 


fl (9 G SEALANT 


AMERICAN SEALANTS COMPANY 


111 North Mountain Road, Hartford 11, Conn. 
In Coneda: J. S$. Parkes & Co., Ltd, Montreal 
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PRODUCT DIRECTORY 


SFOS LEAKS 


With these three you're ready 
for almost every job that in- 
volves leaks, caulking, pipe con- 
nections, etc. Make sure they're 
always at hand. 


OVLTITE-Stik — Stops oil leaks right 
now — even while oil is lowing — in 
ipes, tanks, drums, transformers, etc. 
a rub across leaking hules or seams. 
Ideal thread compound for hydraulic 
lines, up to 10,000 psi. Handles tem- 
peratures to 250° F. 
PIPETITE-Stik — Pipe joint compound 
that assures a ouien seal with gases, 
Freon, ammonia, steam, etc. Non-toxic, 
contains no lead. Good for pressures 
to 10,000 psi., temperatures to 750° F. 


KRAK-Stik — Stops leaks cold — with- 
out heating stick or work —in soil 
pipes, castings, concrete walls, etc. No 
need to drain lines in most cases. 


No mess, no waste. Swift, 
efficient and economical. 


See your supplier for these LA-CO Products. 
Or write on letterhead for full information. 


[2 LAKE CHEMICAL CO. 


Circle $-72 on Page 19 


HANNA OGTITE— 
SEALANT 


MAKES HYDRAULIC 


and PNEUMATIC 
CONNECTIONS 
LEAK-FREE! 


Hanna Loctite Sealant, Grade 1, is a spe 
cial compound for making hydraulic and 


pneumatic systems leak-free regardless of 


fluid used or pressure. It is a thin liquid, 

easy to apply and very economical. 
ADVANTAGES: 

prevents °® Easy to use—handy appli 

cator bottles, tubes and cap 

sules 


* Seals joints 
leaks 

* Seals high and low pres 
sure fluids including fire re 
sistant types 

* Not harmful to fluid power 
systems or components 


* Resists heat and cold 
* Has no known solvent 
* Hardens only in the joint 


itself — leaves no residual par 
ticles in the system 


® Eliminates fire hazard due 
to escaping fluids 


* Economics! —a little goes 


a long way * Long storage life 


SEND FOR FREE SAMPLE 
HANNA ENGINEERING WORKS 
C AND PNEUMAT 


1751 Elston Ave., Chicago 272, Iilinois 


Circle $-74 on Page 19 
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oak Lock STOPS LEAKS 


where other compounds fail! 


Here’s a simple, economical solution to many trouble- 
some leaking joint problems. Leak Lock holds LP, 
gasoline, oils, gases, petro-chemicals and refrigerants 
that eat through ordinary joint compounds. Its remark- 
ably tough, highly adhesive, remains flexible indefinitely 
. . . the joint compound that stretches rather than 
breaks. Years of use have established its advantages in 
stopping wasteful or hazardous leaks in the petroleum, 
chemical, atomic energy, electronic, refrigeration and 
other fields. 


Listed by Underwriters’ Laboratories for Gas and 
Oil Equipment List: Also for Propane ond Butane. 





For free sample, write on letterhead giving us 
the name of your local Industrial Distributor. 


HIGHSIDE CHEMICALS INCORPORATED 
11 Colfax Avenue ¢ Clifton, N. J. 
Circle $-73 on Page 19 








HOON OOC PEED PELE VEN UPUT NERO RON NN an 


NEED INFORMATION ON 
COMMERCIALLY AVAILABLE 
GASKETS, SEALS, PACKINGS? 

Use a 
READER SERVICE CARD 


page 137 


TUL LAL 


Simply circle the Item Numbers relating to 
the advertised products you're interested in; fill 
in your name, title and company address; and 
drop it in the mail. (No bother, you see: it’s 
already addressed to us, and the postage is 
paid.) Then, within 48 hours after we get 
your card, MACHINE DESIGN’s speedy proc- 
essing service will get your request off to ad- 
vertisers. 


CLEVELAND 13, OHIO 


A PENTON PUBLICATION 


ran 
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eals Manufacturers 


Types of seals manufactured by companies appearing in this listing are 
classified into eight categories identified by boldface code letters: 


Radial Seals 
Ring Seals 
Clearance Seals 


Axial (Mechanical) Seals 


A 


A Punch Products Mfg. Co., 516 8. Kolmer 
Ave., Chicago, Ill. (A, B, ©, D, E, F, G) 


Abbey Machine & Engineering Co., 900 Pas- 
saic, Caldwell Township, N. J. (D) 


Abbott & Biddle, 2418 Federal, Philadelphia, 
Pa. (F) 


Accurate Felt & Gasket Mfg. Co., 1016 8. Cal- 
ifornia Ave., Chicago 12, Ill. (A, B, C, E, F, 
G) 

Ace Gasket Co., 1441-43 Webster Ave., New 
York, N. Y. (F, @) 


Acme Specialties Inc., 4326 N. American, 
Philadelphia 40, Pa. (G) 


Acushnet Process Co., 776 Belleville Ave., Box 
916, New Bedford, Mass. (A, E, F) 


The Advanced Products Co., 59 Broadway, 
North Haven, Conn. (F, G) 

Aero Gasket Corp., 763 Hanover Rd. Meriden, 
Conn. (A, E, F, G) 


Aero-Fiex Corp., 7952 Othello St., San Diego 
11, Calif. (D, E) 


Aeroquip Corp., 11214 Exposition Bivd., Los 
Angeles 64, Calif. (G) 

Airconductors, .367 Alondra, Gardena, Calif. 
(E, G) 

Airex Rubber Products Corp., P. O. Box 247, 
Portland, Conn. (E, F, G) 

The Alan Packing & Rubber Co., 1295 Par- 
sons Court, Cleveland 16, Ohio (E, F, G) 
Alloy Mig. Co., 3207 8S. Shields Ave., Chicago 

16, Il. (A, F) 

The Allpax Co. Inc., 160 Jefferson Ave., 
Mamaroneck, N. Y. (B, E, F, G) 

Alox Mfg. Co., 6160 Maple Ave., St. Louis 14, 
Mo. (F, G) 

American Biltrite Rubber Co., Boston Woven 
Hose & Rubber Div., P. O. Box 1071, Boston 
3, Mass. (A, E, G) 

American Casting & Mfg. Corp., Main & 
Water, Brooklyn 1, N. Y. (B, C, E, F, G) 
American Felt Co., Glenville, Conn. (A, B, E, 

F, G) 

American Marietta Co., Presstite-Keystone En- 
gineering Products Dtv., 3498 Chouteau Ave., 
St. Louis 10, Mo. (H) 

American Metallic Packing Co., 298 Dawson, 
Glenfield, Pa. (A, B, G) 

American Sealants Co., 103 Woodbine S&t., 
Hartford 6, Conn. (H) 


Ames Supply Co., Subsidiary of American 
., 10 Ames Bivd., Hamburg, 


Anchor Packing Co., 401 N. Broad St., Phila- 
delphia 8, Pa. (E, F, G) 


January 19, 1961 


Diaphragm Seals 


Packings 
Gaskets 


Sealants 


Apex Molded Products Co., 3576 Ruth, Phila- 
delphia, Pa. (A, B, E, F, G) 

Arey Mfg. Co. Inc., 120 Beekman St., New 
York 38, N. Y. (F, G) 

Armstrong Cork Co., Liberty & Charlotte B8ts., 
Lancaster, Pa. (G, H) 

Artus Corp., 203 8S. Dean, Englewood, N. J. 
(c, F, G@) 

Asbesto Corp., 49 Ackerman 8t., Bloomfield, 
N. J. (F, @) 
Associated Industries, 1752 
Seattle, Wash. (A, E, G) 
Associated Technical Sales Co., 3629 N. Dixie 
Drive, Dayton 14, Ohio (A) 

Atlantic India Rubber Works Inc., 571 West 
Polk St., Chicago 7, Ill. (B, E, F, G) 

Auburn Mfg. Co., Pease Ave. & Stack S&t., 
Middletown, Conn. (A, E, F, G 

c. LL & W. W. Auer, Main & Auer Sts., 
Corry, Pa. (F, G) 

Auto-Diesel Piston Ring Co., 1440 E. 32nd St, 
Cleveland 14, Ohio (A, B, G) 


Avica Corp., P. O. Box 180, Newport, R. I 
(D) 


Rainier Ave., 


Bacon Industries Inc., 192 Pleasant St., Water- 
town 72, Mass. (EB, F, G) 


Badger Cork & Mfg. Co., 
Trevor, Wis. (G) 


Balsells Engineering Co., 9925% 5S. Greenleaf 
Ave., Santa Fe Springs, Calif. (F) 


The Bausman Packing Co., 30 Light S8t., Bal- 
timore 2, Md. (F) 

K. Wm. Beach Mfg. Co., Beach Bidg., 2727 
Columbus, Springfield, Ohio (A, B, ©, D, 
E, F, G) 

Beacon Rubber Co., 1 Hudson St., New York 
13, N. Y¥. (@) 

Beaverite Products Inc., Beaver Falls, N. Y. 
«G) 

Becker Bros. Carbon Co., 3450 8. Laramie, 
Cicero 50, Ill. (B, C, D, E, F) 

The Belko Corp., Railroad & Union Ave., 
Kingsville, Md. (F, G) 

Bellofram Corp., 101 Blanchard Rd., 
ton, Mass. (E) 

Best Gasket Co., 110 E. 15th St., Los Angeles, 
Calif. (A, E) 

Bonner & Barnewall Inc., 150 Bleecker St., 
New York 12, N. Y. (F, G) 


Booth Felt Co., 1726 Tenth Ave., Brooklyn 15, 
N. Y. (A) 


Wisconsin S&t., 


Burling- 


Borg-Warner Corp., Mechanical Seals Div., 
P. O. Box 2017 Terminal Annex, Los Angeles 
4, Calif. (D) 


Boston Felt Co., 24 Brook St., Newton 58, 
Mass. (A) 

A. B. Boyd Co., 1235 Howard St., San Fran- 
cisco 3, Calif. (A, B, E, G) 

Braiding & Packing Works of America Inc., 
248 46th St., Brooklyn 20, N. Y. (F) 

Breeze Corp. Inc., 700 Liberty Ave., Union, 
N. J. (D) 

The Breiner Co. Inc., 2820 Barnes Ave., In- 
dianapolis 23, Ind. (G) 

Brooks Instrument Co., 407 W. Vine St., Hat- 
field, Pa. (E) 

Burd Piston Ring Co., 
ford, Ill. (B) 

A. E. Burgess Leather Co., Brigham Hill Rd., 
Grafton, Mass. (A, F, G) 


c 


Samuel Cabot Inc., 141 Milk 8&t., Boston 9, 
Mass. (H) 


Carbone Corp., 400 Myrtle Ave., Boonton, 
N. J. (B, ©) 

Philip Carey Mfg. Co., Lockland, Cincinnati 
15, Ohio (F, G) 

Cartriseal Corp., 3515 W. Touhy Ave., Lincoln- 
wood, Ill. (B, C, D, E) 

Chas. E. Chapin Co. Inc., Union Ave. & Hack- 
ensack St., East Rutherford, N. J. (B) 


The Chardon Rubber Co., Subsidiary of Ball 
Bros. Co. Inc., Sixth & Washington Aves., 
Chardon, Ohio (A, B, C, E, F, G) 


Chemical Products Co., King Philip Rd., East 
Providence, R. I. (H) 


Chemeo Products Co., Warwick, R. I. (F, G) 


A. W. Chesterton Co., 6 Ashland St., Everett, 
Mass. (D, F, G) 

Chicago Cork Works Co., 6001 Grosse Point 
Rd., Niles, Till. (G@) 

Chicago Gasket Co., 1271 W. North Ave., Chi- 
eago 22, Ill. (A, F, G@) 

Chicago Rawhide Mfg. Co., 1301 Elston Ave., 
Chicago 22, Ill. (A, D, E, F) 

Chicago-Allis Mfg. Co., 125 N. Green 8t., Chi- 
cago 7, Ill. (A, B, C, D, E, F, G) 

Chicago-Wilcox Mfg. Co., 77th & Avalon Ave., 
Chicago 19, Ill. (E, G) 

Chrysler Corp., Cycleweld Chemical Products 
Div., 5437 W. Jefferson, Trenton, Mich. (HM) 


Circle Weld Co. Inc., 11310 Sherman Way, Sun 
Valley, Calif. (D) 

Clevite Corp., Cleveland Graphite Bronze Div., 
17000 St. Clair Ave., Cleveland 10, Ohio (B, 
c, D) 

Clinton Mfg. Co. Inc., 
N. ¥. (FP) 


1401 23rd St., Rock- 


89 Bridge, Brooklyn, 
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Coast Pro-Seal Mfg. Co., 2235 Beverly Bivd., 
Los Angeles 57, Calif. (HM) 

Colonial Kolonite Co., 2232 W. Armitage Ave., 

Chicago 47, lll. (G) 


Commonweaith Felt Co., 74 Summer 8&8t., Bos- 
ton 9, Mass. (A, B, E) 


The Connecticut Hard Rubber Co., 407 East 

St... New Haven 9, Conn. (A, E, G) 
Consolidated Vacuum Corp., 1767 Mt. Read 
Bivd., Rochester, N. Y. (i) 


Continental Rubber Works, 1902 Liberty &t., 
Erie, Fa. (A, ©, D, EB, F, G) 


Alrtomic Products Div., 916 
Louisville, Ky. (A, B, ©, 


Cc. Lae Cook Co., 
South Bighth &t., 
a) 


ooper Mfg. Co., 411 8. First Ave., Marshall- 


town, lowa (BE, G) 
Coors Porcelain Co., Golden, Colo. (D) 


Coyne & Paddock Inc., 40-11 2ist S&t., Long 


Island City, N. ¥. (G@) 


Crane Packing Co., 6400 Oakton St., Morton 
Grove, Ill. (A, B, D, F, G) 


Crotty Corp., Automotive Products Div., 39 E. 
Chicago Ave., Quincy, Mich. (F) 


D 


Darcoid Co., 155 Sixth Ave., 
N. Y¥. (F, @) 


New York 13, 


Darling Valve & Mfg. Co., Foot Walnut &t., 


Williamsport 61, Pa. (F) 
Detroit Gasket & Mfg. Co. 12640 Burt Rd., 
Detroit 23, Mich. (F, @) 


Disogrin Industries Inc., 510 8S. Fulton Ave., 
Mount Vernon, N. Y. (A, E, F, G) 
7742 W. Gist &t., 


Division Lead Co., Summit, 


Ii. (@) 

Dixie Jute Bagging Corp., 700 Front St.. Nor- 
folk 10, Va. (F) 

Dixon Corp., 19-21 Burnside St., Bristol, R. IL. 
(F, @) 

Donley Products Inc., 11107 Avon Ave., Cleve- 

land, Ohio (D, E) 


John L. Dore Co., P. O. Box 7772, Houston 7, 
Tex. (A, B, C, BE, F, G) 


Double Seal Ring Co., 2065 Montgomery &t., 
Fort Worth 7, Tex. (A, B, C, D, F, G) 

The Drycor Felt Co.. New City Rd., Stafford- 

ville, Conn. (G) 


The D. & D. Mfg. Co., 2064 Whitney Ave., 
Hamden, Conn. (F, G) 


BE. I. duPont de Nemours & Co. Inc., Coated 
Fabrics Div., Fairfield, Conn. (A, E, F) 


Durametaliic Corp., 2104 Factory &t., Kala- 
mazoo, Mich. (D, F) 


The Duriron Co., Modern Industrial Plastics 
Div., 3337 N. Dixte Drive, Dayton, Ohio (A, 
B, E, F, G) 


Duroyd Gasket Mfg. Co. 1830 Amsterdam 
Ave., New York, N. Y A, E, G@) 


Bast Coast Rubber & Plastic Co., 4363 E. 10 


La., Hialeah, Fila. (G) 


Blectro Cote Co., 5220 Main St. N. E., Min- 
neapolis 21, Minn. (HM) 


Electro-Nite Carbon Co., 4601 Torresdale Ave., 
Philadelphia 36, Pa. (B, ©, D) 


Emerson Plastics Corp., 1383 Seabury Ave., 


Bronx 61, N. Y. (F, G@) 


Enduro Rubber Co., 685 8. Chestnut, Ravenna, 
Ohio (G) 
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Enflo Corp., Fellowship Rd. & Route 73, 
Maple Shade, N. J. (A, B, ©, E, F, G) 


Engitiwered Rubber Products Co., 1750 Copley 
Rd., Akron, Ohio (A, B, E, F, G) 


Excel Rubber Co., 1956 Chicago Ave., Goshen, 
Ind. (F) 


Excelsior Leather Washer Mfg. Co., 720 Chest- 
nut St., Rockford, Ill. (A, B, E, F, G) 


. 


Faul & Timmins Inc., 699 Seneca, Buffalo, 


N. ¥. (@) 


Fawick Airflex Div.. Fawick Corp., 9919 Clin- 
ton Rd., Cleveland, Ohio (D) 


Felt Products Mfg. Co., 7450 N. McCormick 

Bivd., Chicago 80, Ill. (A, E, F, G) 
Felters Co, 210 South St., Boston 11, Mass. 
(A, B, B, @) 


Firestone Rubber & Latex Products Co., Div. 
Firestone Tire & Rubber Co., Fall River, 
Mass. (F) 


Flexitallic Gasket Co., 926 Eighth, Camden, 
N. J. (G@) 

Filexonics Corp., 1315 8. Third Ave., Maywood, 

i. (D) 


W. E. Foltz Co., 3353 Bermuda Ave., Detroit, 


Mich. (G) 


Fournier Fuubber & Supply Co. Inc., 459 N. 


High, Columbus 15, Ohio (G) 


France Packing Co., 9925 Bustleton Ave., 
Philadelphia 15, Pa. (A, B) 


G 


A. F. Gagne Jr. Associates, 11 Chestnut &t., 
Binghamton, N. Y. (A) 


Gardan Mfg. Co., P. O. Box 34, New Castle, 
Pa. (A) 


Garlock Packing Co., 402 Main St., Palmyra, 
N. Y¥. (A, B, ©, D, E, F, @) 


Garrett Flexible Products Inc., 1101 South 

Peters, Garrett, Ind. (A, B, D, F, G) 
Gasket Mfg. Co., 319 W. 17th St., Los An- 
geles, Calif. (G) 


Gasket Products Inc., 
Kans. (G) 


George W. Gayle & Son, 514—1-2 Logan &t., 
Frankfort, Ky. (A, F) 


General Asbestos Gasket Mfg. Corp., 1721 So. 
Seventh Ave., St. Louis, Mo. (A, B, E, F, 
a) 


1145 N. Main, Wichita, 


General Hermetic Sealing Corp., 99 East Haw- 
thorne Ave., Valley Stream, N. Y. (F, G) 


Gits Bros. Mfg. Co., 1866 8. Kilbourn Ave., 
Chicago 23, Ill. (A, B, D) 


Goodall Rubber Co., 401 Whitehead Rd., Tren- 
ton 4, N. J. (F, G) 

The B. F. Goodrich Co., 413 Derby Place, 

Shelton, Conn. (G) 


B. F. Goodrich Industrial Products Co., A Div. 
of The B. F. Goodrich Co., 500 8. Main &t., 
Akron 18, Ohio (E, F) 


Goodyear Tire & Rubber Co.. 1144 E. Market 
St., Akron 16, Ohio (A, F, G) 


Gordon Rubber & Packing Co., P. O. Box 431, 
Derby, Conn. (E, F, G) 


Goshen Die Cutting Service, 708 ‘Smerson Ave., 
Goshen, Ind. (A, B, E, G@) 

Goshen Rubber Co. Inc., 1525 South Tenth, 
Goshen, Ind. (E, F, G) 

Graphite Metallizing Corp., 1063 Nepperhan 
Ave., Yonkers, N. Y. (B, C) 


Graton & Knight ‘ 
Worcester 4, Mass. (A, E, F, G) 

Great American Industries Inc., Rubatex Div., 
Bedford, Va. (G) 


Greene, Tweed & Co., 322 Elm S8t., North 
Wales, Pa. (A, B, E, F, G) 


Grover Piston Ring Co. Inc., 120 N. Broadway, 
Milwaukee 2, Wis. (B) 


Guif Belting & Gasket Co., 1818 Carondelet. 
(a) 


New Orleans 12, La. 


H 


Hadbar Inc., 9530 Gidley St., Temple City, 
Calif. (A, B, C, D, E, F, G) 


Halogen Insulator & Seal Corp., 9960 
Ave., Franklin Park, Ili. (A, B, E, F, G) 


Hanna Engineering Works, 1765 Elston, Chi- 
cago 22, Dl. (HM) 


James K. Harbinson & Co. Inc., 790 Seneca, 
Buffalo 10, N. ¥. (H) 


Harrison Mfg. Co., 2908 N. Naomi, Burbank, 
Calif. (G) 


Haveg Industries, Taunton Div., 336 Weir S8t., 
Taunton, Mass. (E, F, G) 


Hawthorne Rubber Mfg. Corp., 33 
Ave., Hawthorne, N. J. (A, E, F, G) 


Hecht Rubber Co. Inc., 482-484 Riverside Ave., 
Jacksonville 2, Fla. (E, F, G) 


Helwig Carbon Products Inc., 2544 N. 30th 
St., Milwaukee 10, Wis. (B, ©) 

Henlopen Mfg. Co. Inc., 176-178 Cook, Brook- 
lyn, N. ¥. (@) 


Hercules Packing Corp., 327 Washington &t., 
Buffalo 3, N. Y. (A, E, F, G) 


Hewitt-Robins Inc., 240 Kensington, Buffalo, 


N. Y. (E, F, G) 


Higbee Rubber Co. R 102 Headson Drive, 
Syracuse, N. Y¥. (G) 


Highside Chemicals Inc., 12 Colfax Ave., Clif- 
ton, N. J. (H) 


Hohwieler Rubber Co. Inc., 32 W. Bridge 8&t., 
Morrisville, Pa. (F, G) 


Hollow Center Packing Co., 115 8S. W. 12th 
St., Fort Lauderdale, Fla. (B, F, G) 


E. F. Houghton Co., 303 W. Lehigh Ave., 
Philadelphia 33, Pa. (A, E, F, G) 


Chas. W. House & Sons, House Bidg., Union- 
ville, Conn. (A, G) 


Hunter Sales Corp., Hunter Bidg., 311 Cypress 
Way, Pittsburgh 28, Pa. (F, G) 


Huntington Rubber Mills, 7100 8. W. Mac- 
Adam, Portland, Oreg. (E, F, G) 


Hydraulic Accessories Co., 24301 Hoover Rd.. 
Warren, Mich. (A) 


Hydraulic Packings Co., 2114 Fourth Ave. 8., 
Minneapolis 4. Minn. (E, F, G) 


Hydrodyne Corp., Skinner Seal Div., 7350 
Coldwater Canyon Ave., North Hollywood, 
Calif. (A, B, D) 


Industrial Gasket Co., 404 Louisiana Ave. 8., 
Minneapolis 26, Min (a) 


Industrial Rubber Works Inc., 312 W. Chest- 
nut St., Chicago 10, Ill. (A, B, E, G) 


Industrial Seals Co., Box 575, Trenton, N. J. 
(F) 


Internationa) Packing Corp., Lake St., Bristol, 
N. H. (A, 


©, E, F) 


Iten Fibre Co., 5400 Bower Ave., Ashtabula, 


Ohio (E, G) 
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J 


George O. Jenkins Co., 
Bridgewater, Mass. (G) 


1045 Plymouth S&t., 


Joclin Mfg. Co., 30 Lufbery Ave., 
Conn. (A, E, F, G) 


Wallingford, 


Johns-Manville, 22 wt — St.. New York 


16, N. ¥. (A, B, F, 


K 


Kennametal Inc., 700 Lioyd Ave., 
Pa. (D) 


Latrobe, 


J. O. King Ine., 1341 Spring St. N. W., At- 
lanta 9, Ga. (G) 


Koppers Co. Inc., 200 Scott Ave., Box 298, 
Baltimore 30, Md. (A, B, C, D) 
Danbury, Conn. (A, 


Krug Co., 1 Barnum Ct., 
F) 


N. L. Kuehn Co., 3747 N. Booth St., Milwau- 


kee 12, Wis. (A, B, E, F, G) 
' 
_ 


Lake Chemical Co., 3052 W. Carroll Ave., 


Chicago 12, Ill. (HM) 


Lamons Metal Gasket Co., 3600 Canal &t., 
P. O. Box 947, Houston 1, Tex. (G) 


Latex Products Inc., Ethel & Van Winkle 
Avs., Hawthorne, N. J. (A) 


State Rd. & Levick S&t., Phila- 
(A, E, F) 


Linear Inc., 
delphia 35, Pa. 


——- Co. Ine., 208 Rose, Williamsport, 
(F) 


Pa 
M 


Magic Chemical Co., 123 Crescent, 
2, Mass. (H) 


Brockton 


Magnetic Seal Corp., 301 Sowams Rd., Bar- 
D 


rington, R. I. (D) 
Mansfield & Green Inc., 1050 Power Ave., 
Cleveland, Ohio (E) 


Manufacturers Gasket Co., 1005 Belt Line Rd., 
Cleveland, Ohio (A, B, E, G) 

Margate Mfg. Co.. 204 N. Jerome Ave., Mar- 
gate, N. J. (HM) 

Markel Rubber Products Co. Inc., 518 Jackson 

Ave., New York, N. Y. (E, G) 


The Marlo Co. Inc., 436 Broadway, New York, 
N. Y. (A, B, F, G) 


Charlies W. Marsh Co., Michigan & Hudson, 
Muskegon, Mich. (A, F, G) 


Massasoit Co., Laurelton, N. J. (F, G) 


Master Pneumatic Inc., 20430 Sherwood Ave., 
Detroit 23, Mich. (A) 


McCord Corp., Ripille at E. Grand Blvd., De- 
troit 11, Mich. (G) 

Mechanical Rubber Products Co., Warwick, 

N. Y. (A, B, C, E, F, G) 


Mechmetal-Tronics Inc., 11431 Joanne Place, 
Culver City, Calif. (D, E) 


Metal Bellows Corp., 27 Mica Lane, Wellesley 


Hills 81, Mass. (D) 


H. K. Metal Craft Mfg. Co., 3784 Tenth Ave. 
at 203rd St., New York 34, N. <. (F, G) 


Metallo Gasket Co., Bethany & French, New 
Brunswick, N. J. (G) 


Miller Gasket Mfg. Co. Inc., 2113 E. Florence 
Ave., Huntingdon Park, Calif. (E, G) 


Minnesota Mining & Mfg. Co., 900 Bush Ave., 
St. Paul 6, Minn. (HM) 


Minnesota Rubber Co., 3630 Wooddale Ave., 
Minneapolis 16, Minn. (B, E, F) 
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Minor Rubber Co. Inc., Foot of Ackerman &t., 
Bloomfield, N. J. (A, B, ©, E, F, G) 


Mitchell & Smith Div. of Sheller Mfg. Corp., 
8900 Hampton Blvd., Norfolk 5, Va. (G) 


Irving B. Moore Corp., 65 High, Boston, Mass. 
(E, F, G) 


Morganite Inc., 3302 48th St., Long Island 
City, 1, N. Y¥. (B, ©) 

Moxness Products Inc., 20th St. & Indiana 

Ave., Racine, Wis. (A, F, G) 

Mueller Belting & Specialty Co., 27 8. Van 
Brunt, Englewood, N. J. (G) 

North 


Mundet Cork Corp., 7101 Tonnelle Ave., 


Bergen, N. J. 
Muskegon Piston Ring Co., Rotary Seal Div., 
Sparta, Mich. (D) 


N 


National Carbon Co. Div. of Union Carbide 
Corp., P. O. Box 6087, Cleveland 1, Ohio 
(B, C, D) 


National Gasket & Washer Mfg. Co. nn » 124 
East 25th St., New York 10, N. (A, E, 
F, G) 


National Seal Div., Federal-Mogul-Bower 
Bearings Inc., Broadway & National Ave., 
Redwood City, Calif. (A, B, D, F) 


National Utilities Corp., 826 S. Arroyo Park- 
way, Pasadena 2, Calif. (F, G) 


National Vulcanized Fibre Co., Maryland & 
Beach, Wilmington, Del. (G) 


Nichols Engineering Inc., 1000 Old Stratford 
Rd., Shelton, Conn. (E, F, G) 


° 


A. L. Okun Co. Inc., 109-02 Van Wyck Ave., 
South Ozone Park, N. Y. (H) 


P 


Pacific Moulded Products, 905 E. 59th St., 
Los Angeles, Calif. (E, F, G) 


Pacific States Felt & Mfg. Co., 843-847 How- 
ard St., San Francisco 3, Calif. (A, B, E, 
» @) 


Packing Supply Co., 2620 South and West, 
Salt Lake City 15, Utah (G) 
Concord, 


Page Belting Co., Eastman S&t., 
N. 


H. (E, F, G) 
Paragon Rubber Corp., 200 Pleasant, East- 
hampton, Mass. (F, G) 
The Par-Ex Machine Co.. 9 West Easton, 

Tulsa, Okla. (B) 


Parker Seal Co., 10567 Jefferson Bivd., Culver 

City, Calif. (F, G) 
Lawton H. Parsons Co., 8S. Main & Butler 
Ave., Ambler, Pa. (F, G) 


Paul-Martin Rubber Corp., Dwight & Front 
Sts., Holyoke, Mass. (E, F, G) 

Paxton-Mitchell Co., 27th & Martha Sts., 
Omaha 5, Nebr. (B 

B. G. Peck Co., Lawrence, Mass. (E, G) 

Penn Fibre & Specialty Co., 2024 E. West- 
moreland 8t., Philadelphia 34, Pa. (A, B, D, 
E, F, G) 

Pepperell Braiding Co. Inc., E. Pepperell, 
Mass. (F) 

Perifiex Inc., 111 E. Ten Mile Rd., Hazel 

Park, Mich. (A, E, F) 











Permacel Div. of Joh & Joh Route 


#1, New Brunswick, N. J. (BH) 
Pfaudier Co., 1111 West Ave., Rochester, 
N. Y¥. (G@) 


Philadelphia Belting Co., 524 N. Sixth S&t., 


Philadelphia, Pa. (F, G) 


Pilot Packing Co. Inc., 237 Gien Cove Ave., 
Sea Cliff, N. Y. (F, G) 


Plastic & Rubber Products Co., 2100 Hyde 
Park Blvd., Los Angeles 47, Calif. (A, E, 
F, G) 

“a? Corp., 2120 Fairmont Ave., Reading, 
Pa. , B, GC, D, F, G) 

Ponn Machine Cutting Co., 51 Kelvin, Everett, 
Mass. (E, G) 


Wm. Porter Co., 1007 Santa Fe Ave., Los 
Angeles, Calif. (F, G) 


Precision Associates Inc., 742 Washington Ave. 
N., Minneapolis, Minn. (F) 

Precision Gasket Co., 619 E. Excelsior Bivd., 
Hopkins, Minn. (G) 
Precision Gasket Corp., Box 182, Manchester, 

Mo. (G) 


Precision Piston Rings Inc., 1100 Lyndon 8t., 
South Pasadena, Calif. (A, B, F, G) 


Precision Rubber Products Corp., 3110 Oak- 
ridge Drive, Dayton 4, Ohio (F, G) 


Prince Rubber & Plastics Co. Inc., Station B, 


Buffalo, N. Y. (E, G) 


Q 


Quality Gasket & Mfg. Co. Inc., 21060 
Coolidge, Oak Park, Mich. (G) 


Rains Wood-Metal Packings, W. 904 Broad- 
way, Spokane, Wash. (F) 


Ramsey Corp., Subsidiary of Thompson Ramo 
Wooldridge Inc., Piston Ring Div., St. Louis, 
Mo. (B) 


Raybestos-Manhattan Inc., Packing Div., Pas- 


saic, N. J. (F, G) 
Raybestos-Manhattan Inc., 


Raybestos Div., 940 
Rayman, Bridgeport 2, Conn. (H) 


Reeves Bros. Inc., 1071 Ave. of the Americas, 
New York 18, N. Y. (E, G) 


Reid Enterprises, 2610 E. 67th, Long Beach 
5, Calif. (A, B, E, F, G) 

Reliance Packing Co., 5051 Umbria, Phila- 
delphia, Pa. (F) 

J. E. Rhoads & Sons, 2100 W. 1lith &t., 

Wilmington 99, Del. (F, G) 


Rhopac Inc., 3425 Cleveland &t., 
(A, B, E, G) 


Skokie, Il. 


Roberts Toledo Rubber Co., 4143 Monroe 8&t., 
Toledo 13, Ohio (E, F) 


Robertshaw-Fulton Controls Co., Bridgeport 
Thermostat Div., 115 Hill St., Milford, Conn. 
(D) 

Robertshaw- Fulton Controls Co., Fulton 
Sylphon Div., P. O. Box 400, Knoxville 1, 
Tenn. (D) 


John R. Robinson Inc., 30th St. & 38th Ave., 
Long Island City, N. Y. (G) 


Rogers Corp., Mill 8t., Rogers, Conn. (G) 


Rubber Right Products, 5049 W. Lake, Chi- 
cago, Ill. (A, E, F, G) 

The Rubber Shop Inc., Royal Rubber Co. Div., 
Dept. 5804, South Bend, Ind. (A, B, ©, E, 
G) 


Rubber & Silicone Products, 13 Montesano Rd., 
Caldwell, N. J. (A, B, OC, E, F) 


Rubber Teck Inc., P. O. Box 389, Gardena, 
Calif. (F) 


Rubbercraft Corp. of Calif., 1800 W. 220th 
St., Torrance, Calif. (E, F, G) 


233 





Seals Manufacturers (Con’t.) 





Rubberhide Co,, 493 Whitehead Rd., Trenton, 
N. J. (BE, G@) 

Russell Gasket Co 7424 Bessemer Ave 
Cleveland 27, Ohio (A. E, G) 

The Ryan & Hart Co., 414 Ashe St., Johnson 

City, Tenn. (EB, G) 


s 


Sackner Products Inc., Ottawa at Wall, Grand 


Rapids 2, Mich. (G@) 


St. Marys Carbon Co., St. Marys, Pa. (B, D, 
FF. @) 


Schiegel Mfg. © ©. Box 197, Rochester 
1, N. ¥. (A) 


Sohwitzer Corp., 1125 Massachusetts Ave., In- 
dianapolis 7, Ind. (D) 

Sealol Inc Warwick Iodustrial Park, Provi- 

dence 5, R. Ll. (B, D> 


Subsidiary of Atlas 


Seal-Tite Mfg. Co. Ine 
North Wales 


Asbestos Co., 433 Walnut &8t., 
Pa. (F, G@) 
Servicised Products Corp 60561 W. 65th St 
Chieago 38, Dll. (i) 


W. 8. Shamban & Co 11617 W. Jefferson 

Bivd., Culver City, Calif. (A, B, F, G) 
Shurclose Seal Co 17411 BE. Warren, Detroit 
24, Mich. (F) 


Sims Pump Valve Co. Ine 1312 Park Ave 
Hoboken, N. J. (F) 


Southern Rubber Co Ine 0 6=CU°S8 Ashe 


Greensboro, N. C. (G) 
Sparta Mfg. Co., R.D. 2, Dover, Ohio (F, G 


Spaulding Fibre Co lne 310 Wheeler S8t 
Tonawanda, N. Y. (G@> 


Stackpole Carbon Co 1942 Stackpole St., St 
Marys, Pa. (©, D) 


Staff Die Cutting Co 12 West 22nd &St., New 
York, N. Y¥. (A, B, E, F, G) 


Standard-Thomson Corp., Clifford Mfg. Div 
152 Grove St., Waltham 54, Mags. (D) 


The Staver Co. Ine 41 North Saxon Ave 
Bay Shore, L. I., N. Y. (B, BE, G@) 


Stein Seal Co., 20th St. & Indiana Ave., Phila 
deiphia 32, Pa. (B, C, D) 


Sternco Mfg. Co P. O. Box 1628, Longview, 
Tex. (A, B, F, G) 


Sterling Asbestos & Rubber Co 134 W. S2nd 
New York 19. N. Y¥. (B, BE. F. G@) 


Sterling Automotive Mfg. Co., 2140 Lunt Ave., 


Elk Grove, Ill. (F, G) 


Sterling Packing & Gasket Co. Inc., 1708 
Nance, Houston, Tex. (E, F, G) 

Stevens Asbestos Products Co., 513 8S. Trenton 

Tulsa, Okla. (G) 


Stillman Rubber Co., 5813 Marilyn Ave., Cul- 
ver City, Calif. (E, F, G) 


Supreme Industrial Products Co 365 N. Kar 
lov, Chieago, Ill. (A) 


Synthane Corp., Oaks, Pa. (F) 


Syntron Co., Shaft Seal Div Homer City 
Pa. (A, B, D) 


T 


Technical Rubber & Plastic Co., 350 Sherman 


Ave., Orange, N. J. (G) 


Tri-Point Plastics Inc., 175 I. U. Willets Rd 
Albertson, N. Y. (A, B, E, F, G) 


Albert Trostel Packings Ltd Marshall & 
Madison Sts., Geneva, Wis. (A, F, G) 
Pasadena 


Turbocraft Inc.. 490 E. Union 8t 


Calif. (Cc, D) 


U 


Inion Seal Co 403 E. Jersey Elizabeth 


N. J. (A) 


United Metallic 
Dayton 


Inited Aircraft Products Inc., 
O Ring Div.. 1116 Bolander Ave., 
1, Ohio (F, G) 


Iniversal Oil Seal Co., P. O. Box 74, Pontiac, 
Mich. (A) 


Iniversal Packing & Gasket Co. Inc 5200 
Clinton Drive, Houston, Tex. (B, E, F, G) 


Iniversal Products, Brockton, Mass. (A, B, C, 
D, BE, FF, G) 


8S. Ceramic Tile Co Sparta Mfg. Div 


Dover, Ohio (F. G) 


U. 8. Gasket & Shim Co., 2743 Second St. N 
Cuyahoga Falls, Ohio (G) 


v 


Vacuum Research Co 420 Market St. San 
Francisco 11, Calif. (F, G) 


Vapor Heating Corp., Roth Rubber Co. Div., 
1860 S. 54th St., Cicero 50, Ill. (A, E, F, G) 


Vernay Lab Inc., 8S. College & Antioch, Yel- 
low Springs, Ohio (A, D, E, F, G) 


Vibra Seal Corp., 2832 E. Grand Blvd., De- 
troit 11, Mich. (D, F) 


Victor Mfg. & Gasket Co., 5750 Roosevelt Rd., 
Chicago 90, Ill. (A, B, D, E, F, G) 


Voss Engineering Inc., 317 Barclay Bidg., One 
Belmont Ave., Bala-Cynwyd, Pa. (F, G) 


w 


P. O. 


The James Walker Packing Co. Inc., 
Box 75, Chicago Heights, Ill. (E, F) 


Walker & Forbes Inc., Allpax Bidg., Mamar- 
oneck, N. Y. (F) 

Watseo Inc., 1020 East 15th St., Hialeah, Fia. 

«G) 


John M. Watts Sons, 100 Walnut, Philadel- 
phia, Pa. (B, F) 


West American Rubber Co., 400 N. Ave. 19. 
Los Angeles 41, Calif. (A, B, E, F, G) 


Western Felt Works, Acadia Synthetic Products 
Div.. 4035-4117 Ogden Ave., Chicago 23, Il. 
(A, B, C, F, G) 


Westinghouse Air Brake Co., Industrial Prod- 
ucts Div., P. O. Box 36, Wilmerding, Pa 
(B, E, F, G) 


The W-G Gasket Co., 3218 No. 126th St 
Brookfield, Wis. (A, B, E, F, G) 


Wickes Corp.. U. 8. Graphite Div., 1621 Hol- 
land Ave., Saginaw, Mich. (B, C, D) 


E. B. Wiggins Of] Tool Co., Inc., 3424 E 

Olympic Bivd., Los Angeles 23, Calif. (B, G) 
R. N. Williams Paper Co., 934 N. First St., 
St. Louis, Mo. (G) 


Wilmington Fibre Specialty Co., New Castle, 
Del. (G) 

Wisconsin Gasket & Mfg. Co., Granville, Wis. 
(EB, @) 

Wolverine Fabricating “& Mfg. Co., 2638 Prin- 

cess Ave., Inkster, Mich. (G) 


Y 


Yale Rubber Mfg. Co Henderson St., San 


dusky, Mich. (A, E) 


Yardley Plastics Co., Parsons & Town, Colum- 


bus 15, Ohio (G) 


Yates Co., 2211 Peninsula Drive, Erie, Pa 
(B, F, G) 
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Chem-o-sol (Chemical Products Co.) Felbestos (Felt Products Mfg. Co.) 


a 
Chempac (Johns-Manville) Fel-Co Prene (Felt Products Mfg. Co.) 


Acadiaseasl (Western Felt Works, Acadia : 
Synthetic Products Div.) Chevron (Garlock Packing Co.) Felcoid (Felt Products Mfg. Co.) 
- . Chicora (Raybestos-Manhattan ince Packin, 
Accopac (Armstrong Cork Co.) Div.) y . . s Ferrobes (Cooper Mfg. Co.) 
— - (Cc. Lee Cook Co., Airtomic Products Chron PreLoy (Precision Piston Rings Inc.) Ferropac (Victor Mfg. & Gasket Co.) 
Cireo Fiex Seal (Donley Products Inc.) G i 
Ajax (Wm. Porter Co.) Fibalin (George O. Jenkins Co.) 
Clipper (Johns-Manville) Filteseal (International Packing Corp.) 
Alco (Alloy Mfg. Co.) CN (Mundet Cork © 
Algeo (Auburn Mf Co. ) ; “aa Flexibex (Sealol Inc.) 
—_ ae ay Cohriastie (The Connecticut Hard Rubber Co.) cents (i — 
. ‘xilip (Hercules acking Corp.) 
Alloy (Alloy Mfg. Co.) Connectite (American Felt Co.) 
. Flexitallic (Fiexitallic Gasket Co.) 
Conoseal (Aeroquip Corp.) 
Allpax (Walker & Forbes Inc.) Convalube (Consolidated Vacuum Corp.) 
uopak > 
Alox (Alox Mfg. Co.) Corbestes (Victor Mfg. & Gasket Co.) m (Chemo Products Co.) 
Fluorecarben Accopac (Armstrong Cork Co.) 


Alu-Fex (Auburn Mfg. Co.) Corfibe (Cooper Mfg. Co.) 
Fiuorobestos (Raybestos-Manhattan Inc., Pack- 


Co.) Corpac (Victor Mfg. & Gasket Co.) ing Div.) 


Alipax (The Allpax Co. Inc.) 
Fiuid-Seal (Lubrikup Co. Inc.) 


Alum-N (Wolverine Fabricating & Mfg 


Am Preley (Precision Piston Rings Inc.) C/R (Chicago Rawhide Mfg. Co.) Fluorebiack (John L. Dore Co.) 


Ambest (Braiding & Packing Works of Amer Crepe-Sil (Pacific Moulded Products) Flucrobive (John L. Dore Co.) 


ica Inc.) 
Cutne (Greene, Tweed & Co.) > . 
F Treen . c 
Ankorite (Anchor Packing Co.) luorog (John L. Dore Co.) 
Cut-Rite (Dixie Jute Bagging Corp.) Fluorolastie (Joclin Mfg. Co.) 


Aqua-Tite (Schwitzer Corp.) 
( » © 
Armaion (E. I. DuPont de Nemours & Co D Fluorolin (Joclin Mfg. Co.) 
Inc., Coated Fabrics Div.) ” 
Dagger (Pilot Packing Co. Inc.) Fluorosint (Polymer Corp.) 


Asbesteel (Faul & Timmins Inc.) 
Darcova (Darling Valve & Mfg. Co.) 


Fyberoid (Wilmington Fibre Specialty Co.) 


G 


Gar Seal (Garlock Packing Co.) 


Asbestecork (Victor Mfg. & Gasket Co.) 
Darcova Pumeups (Darling Valve & Mfg. Co.) 


Asbestopac (Victor Mfg. & Gasket Co.) 
Disogrin (Disogrin Industries Inc.) 


Asbestoprene (Victor Mfg. & Gasket Co.) 
Gaseal (General Hermetic Sealing Corp.) 


Dixie (Dixie Jute Bagging Corp.) 
Aubeson (Auburn Mfg. Co 
Dog (Double Seal Ring Co.) Gaskofelt (Western Felt Works, Acadia Syn- 
thetic Products Div.) 
B Dove (Double Seal Ring Co.) 
Gaskoid (Cooper Mfg. Co.) 
Bal (Balselis Engineering Co.) Dreadnaught ( Raybestos-Manhattan Inc., Pack- 
ing Div.) Gask-O-Seal (Parker Seal Co.) 
Dufelt (Felters Co.) Git Edge (Raybestos-Manhattan Inc., Packing 
Bar-X (E. B. Wiggins Oil Tool Co, Inc.) Div.) 
Duroil (Raybestos-Manhattan Inc Packing 
Div.) 


Banj-O0-Seal (Parker Seal Co.) 


Gladiator (Pilot Packing Co. Inc.) 


BBB (Becker Bros. Carbon Co.) 
Bellofram Rolling Diaphragms (Bellofram Duroyd (Duroyd Gasket Mfg. Co.) Giyd Rings (W. 8. Shamban & Co.) 
Corp.) 

D-W Seal (Greene, Tweed & Co.) Goetze (Johns-Manville) 


Goodyear Armadilie Sheet (Goodyear Tire & 


Bellofram Seals (Bellofram Corp.) 
Dynaseals (Precision Rubber Products Corp.) 
Rubber Co.) 


Bestiine (The Alipax Co. Inc.) 
Bestoid (Best Gasket Co.) E Geodyearite (Goodyear Tire & Rubber Co.) 
Blu-Edge (A. E. Burgess Leather Co.) Electr-O-Seal (Parker Seal Co.) 


Brookseal (Brooks Instrument Co.) Elephant Hide (Reliance Packing Co.) 


Graf-Fleox (Burd Piston Ring Co.) 
Graftan (A. E. Burgess Leather Co.) 


Bud (National Seal Div., Federal-Mogul-Bower Elk (Double Seal Ring Co.) Gramix (Wickes Corp., U. 8. Graphite Div.) 


Bearings Inc.) 
Enflon (Enflo Corp.) Graphalliey (Graphite Metallizing Corp.) 


Cc Enflon III (Enflo Corp.) Graphitar (Wickes Corp., U. 8. Graphite Div.) 


Carbolon (Carbone Corp.) Enrad Il (Enflo Corp.) GRC O-Ring (Goshen Rubber Co. Inc.) 


Equi-Flex (Master Pneumatic Inc.) Greyseal Packing (The Mario Co. Inc.) 


Carbolube (Carbone Corp.) 
Cartriseal (Cartriseal Corp.) Eureka (Braiding & Packing Works of Ameri- G-T Ring (Greene, Tweed & Co.) 

ca Inc.) 
Guardian (Garlock Packing Co.) 


Cavaion (E. I. DuPont de Nemours & Co 
Inc., Coated Fabrics Div.) Excel (Excelsior Leather Washer Mfg. Co.) 
Guide-U-Pak (International Packing Corp.) 


CBN (Mundet Cork Corp.) 
F H 


Cell Tite (The B. F. Goodrich Co.) 
tes Fairprene (E. I. duPont de Nemours & Co. Hanna § 
rs (c lidated Vacuum Corp.) Sus., Gentes Subetes Dex. es Sealant (Hanna Engineering 
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HMarbinseal (James K. Harbinson & Co. Inc.) 


Has PreLey B & C (Precision Piston Rings 
ne.) 


HOB Sterling Gaskets (Higbee Rubber Co. Inc.) 


Meet Sheet (Braiding & Packing Works of 
America Inc.) 


Heree (Hecht Rubber Co. Inc.) 

Hepace (Hollow Center Packing Co.) 

H-T Packing (The Mario Co. Inc.) 

iMydre Wype (Associated Technical Sales Co.) 
My-Duty (Schwitzer Corp.) 

Hypaco (Hydraulic Packings Co.) 


iypak (International Packing Corp.) 


Inseal (Double Seal Ring Co.) 


Jack Cups (Lubrikup Co. Inc.) 
Jenkins (George O. Jenkins Co.) 


Jerkerkups (Lubrikup Co. Ine.) 


K 
Kapseal (Minnesota Rubber Co.) 
Karropak (Felt Products Mfg. Co.) 
Kearsarge (Johns-Manviile) 
Kennametal (Kennametal! Inc.) 
Kentanium (Kennametal! Inc.) 
Kiezure (Garlock Packing Co.) 
Keobby (Sterling Asbestos & Rubber Co.) 
Korda Flex (Chicago Gasket Co.) 
Korkite (Cooper Mfg. Co.) 


Korkeld (Detroit Gasket & Mfg. Co.) 


Lattice Braid (Garlock Packing Co.) 
Leak Lock (Highside Chemicals Inc.) 
Lefa-Seal (George O. Jenkins Co.) 


Lehigh (Braiding & Packing Works of Ameri- 
ca Ine.) 


Liquid tren (Chrysler Corp., Cycleweld Chemi!- 
eal Products Div.) 


Leck-0-Seal (Parker Seal Co.) 

Lectite (American Sealants Co.) 

Lokseal (Sterling Packing & Gasket Co. Inc.) 
Le-Tork (Wolverine Fabricating & Mfg. Co.) 


Lupac (Hollow Center Packing Co.) 


M 
Magte-Vule (Magic Chemical Co.) 
Marto Metallic Packing (The Mario Co. Inc.) 
Marseal (Margate Mfg. Co.) 


Masters Metallic Compound (James K. Harbin- 
son & Co, Inc.) 
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Mechanipak (Garlock Packing Co.) 
Mech-Metal (Mechmetal-Tronics Inc.) 
Mech-Seal (Mechmetal-Tronics Inc.) 
Met-O-Seal (Parker Seal Co.) 

Micro Shims (The Staver Co. Inc.) 


Micre-Tore (National Seal Div., Federal-Mogul- 
Bower Bearings Inc.) 


Mini-Metal (Sealol Inc.) 


Mipion Seals (The Duriron Co., Modern Indus- 


trial Plastics Div.) 
Motupac (Hollow Center Packing Co.) 
Moly-Duolube (Hercules Packing Corp.) 


Moly-Supreme (The Alan Packing & Rubber 
Co.) 


Mon-O-Pak (Hydraulic Accessories Co.) 
Morganite (Morganite Inc.) 

Mul PreLay (Precision Piston Rings Inc.) 
Multipurpose Seal (Hercules Packing Corp.) 


Multiseal (Precision Associates Inc.) 


N 


National (National Seal Div., Federal-Mogul- 
Bower Bearings Inc.) 


Nature (George O. Jenkins Co.) 

Neo-Cork (Wolverine Fabricating & Mfg. Co.) 
Neo-Fab (Graton & Knight Co.) 

Neosoerb (Voss Engineering Inc.) 

Nuco (National Utilities Corp.) 

Nyecarboton (Carbone Corp.) 

Nylasint (Polymer Corp.) 


Nylatron (Polymer Corp.) 


Ohmvid (Wilmington Fibre Specialty Co.) 
OW Foil (American Felt Co.) 
Okun’s Hydrallioy (A. L. Okun Co. Ine.) 


Okun’s Miracle Cold Solder (A. L. Okun Co. 
Inc.) 


Okun’s Plastic Metal (A. L. Okun Co. Ine.) 
Okun’s Poxalleoy (A. L. Okun Co. Inc.) 
Omnaiseal (Reid Enterprises) 
Onep (Double Seal Ring Co.) 
Ovathole (Hollow Center Packing Co.) 
Oylitite (Lake Chemical Co.) 

P 
Pacifelt (Pacific States Felt & Mfg. Co.) 
Palco (Greene, Tweed & ©o.) 
Palmette (Greene, Tweed & Co.) 
Panacea (Prince Rubber & Plastics Co. Inc.) 
Panoply (A Punch Products Mfg. Co.) 
Para-Piastic (Servicised Products Corp.) 
Parback (Parker Seal Co.) 


Pareo (Plastic & Rubber Products Co.) 
Par-Ex (The Par-Ex Machine Co.) 
Pars (Lawton H. Parsons Co.) 

Paxit (Industrial Seals Co.) 

Pelro (Greene, Tweed & Co.) 
Permadizing (Stillman Rubber Co.) 


Permagum (American Marietta Co., Presstite- 
Keystone Engineering Products Div.) 


Permaseal (Grover Piston Ring Co. Inc.) 
P-F (A. F. Gagne Jr. Associates) 
Pfaudler CBS (Pfaudiler Co.) 

Pfaudier CLT (Pfaudiler Co.) 

Pfaudier CRT (Pfaudier Co.) 

Phenolite (National Vulcanized Fibre Co.) 
Philapac (Philadelphia Belting Co.) 
Pilasgon (Samuel Cabot Inc.) 

Plasti-Flex (Auburn Mfg. Co.) 

P. M. Metallic Packing (Paxton-Mitchell Co.) 
Polypence (Polymer Corp.) 


Pressure Seal (American Marietta Co., Press- 
tite-Keystone Engineering Products Div.) 


Pro-Seal (Coast Pro-Seal Mfg. Co.) 
Pyramid (Greene, Tweed & Co.) 
Pyroid (Raybestos-Manhattan Inc., Packing 
Div.) 
Quad-Ring (Minnesota Rubber Co.) 
R 


Rameo (Ramsey Corp., Subsidiary of Thomp- 
son Ramo Wooldridge Inc.) 


Rami-Pak (Reliance Packing Co.) 


Ray-Bond (Raybestos-Manhattan Inc, Ray- 
bestos Div.) 


Red Dog Packers (Pacific Moulded Products) 
Red Water Packing (The Marlo Co. Inc.) 


Redicoat (National Seal Div., Federal-Mogul- 
Bower Bearings Inc.) 


Rex-Syn (E. F. Houghton Co.) 


Riload Seals (The Duriron Co., Modern Indus- 
trial Plastics Div.) 


Rival (Braiding & Packing Works of America 
Inc. ) 


Rote-Flex Seal (Gits Bros. Mfg. Co.} 
Reto-Mold (Linear Inc.) 
Rotorseal (Fawick Airflex Div., Fawick Corp.) 
Rover (The James Walker Packing Co. Inc.) 
Rulon (Dixon Corp.) 

S 
Seal-Guard (Hydraulic Accessories Co.) 
Sealol (Sealol Inc.) 
Sealsaver (Greene, Tweed & Co.) 
Sealtite (Hunter Sales Corp.) 


Macuine Desicn—Tue Seats Boox 





Seals Tradenames (continued) 





Seal-Tite (Seal-Tite Mfg. Co. Inc., Subsidiary 
of Atlas Asbestos Co.) 


Self-Energized Metallic O-Rings (United Air- 
craft Products Inc., United Metallic O Ring 
Div.) 

Sentinal (The James Walker Packing Co. Inc.) 

Service (Johns-Manville) 

Sextant (The James Walker Packing Co. Inc.) 

Shallex (The James Walker Packing Co. Inc.) 

Shim-Bestes (Felt Products Mfg. Co.) 

Simsite (Sims Pump Valve Co. Inc.) 

Sirvene (Chicago Rawhide Mfg. Co.) 

Sirvis (Chicago Rawhide Mfg. Co.) 

Sirvon (Chicago Rawhide Mfg. Co.) 


Skinner Seals (Hydrodyne Corp., Skinner Seal 
Div.) 


Slip-Stik (Chicago Gasket Co.) 

Serbtex (Voss Engineering Inc.) 

Seruco (Southern Rubber Co. Inc.) 

Spartan (Graton & Knight Co.) 

Spirefiex (Sterling Packing & Gasket Co. Inc.) 


Spireseal (Ramsey Corp., Subsidiary of Thomp- 
son Ramo Wooldridge Inc.) 


Spirotallic (Johns-Manville) 

Spongex (The B. F. Goodrich Co.) 

Springoid (Detroit Gasket & Mfg. Co.) 
Squeegee (Hunter Sales Corp.) 

Stackpole (Stackpole Carbon Co.) 

Stain PreLoy (Precision Piston Rings Inc.) 
Stameco (Sterling Automotive Mfg. Co.) 
Stat-O0-Seal (Parker Seal Co.) 

Steelbestos (Detroit Gasket & Mfg. Co.) 
Steelbestos (John R. Robinson Inc.) 

Steel PreLoy (Precision Piston Rings Inc.) 
Stemco Hub-Seal (Stemco Mfg. Co.) 
Stemco Oil Seal (Stemco Mfg. Co.) 

Stericup (Sterling Packing & Gasket Co. Inc.) 


Sterion (Sterling Packing & Gasket Co. Inc.) 
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Still-Seal Gaskets (Stillman Rubber Co.) 
Sunset (Dixie Jute Bagging Corp.) 

Supasca (The James Walker Packing Co. Inc.) 
Super Cutme (Greene, Tweed & Co.) 
Supersheat (Greene, Tweed & Co.) 


Supertough © rings (Haveg Industries Inc., 
Taunton Div.) 


Super-X (Chicago-Wilcox Mfg. Co.) 
Supeta (The James Walker Packing Co. Inc.) 


Syntech (National Seal Div., Federal-Mogul- 
Bower Bearings Inc.) 


Synthane ‘Synthane Corp.) 


T 


Tannate (J. E. Rhoads & Sons) 
Te-Carbolon (Carbone Corp.) 
Tetraseal (Goshen Rubber Co. Inc.) 
Thermo (Charles W. Marsh Co.) 
Thio-Seal (Electro-Cote Co.) 

Titan (George O. Jenkins Co.) 
Toruseal (D. 8. D. Mfg. Co.) 
Tuffiex (Servicised Products Corp.) 


Twin-Pak (The James Walker Packing Co. 
Inc.) 


Twin-Twist Packing (The Marlo Co. Inc.) 
Two-Lip (The James Walker Packing Co. Inc.) 


Twop (Double Seal Ring Co.) 


U 
Uni-Lip (The James Walker Packing Co. Inc.) 
Union Seal (Union Seal Co.) 
Unit Seal (Gits Bros. Mfg. Co.) 
Uniphase (Armstrong Cork Co.) 


United Metallic O-Rings (United Aircraft Prod- 
ucts Inc., United Metallic O Ring Div.) 


Universa! (Raybestos-Manhattan Inc., Packing 


Div.) 
Vv 


V Pilot (Pilot Packing Co. Inc.) 


Vee-Dam (Linear Inc.) 


Vee-Fiex (Raybestos-Manhattan Inc., Packing 
Div.) 


Veeoil (Pilot Packing Co. Inc.) 


Vee-Square (Raybestos-Manhattan Inc., Pack- 
ing Div.) 


Versi-Pak (Raybestos-Manhattan Inc., Pack- 
ing Div.) 


Vertiseal (Servicised Products Corp.) 
Vietocor (Victor Mfg. & Gasket Co.) 
Victocork (Victor Mfg. & Gasket Co.) 
Victolex (Victor Mfg. & Gasket Co.) 
Vietopae (Victor Mfg. & Gasket Co.) 
Victopiate (Victor Mfg. & Gasket Co.) 
Vietorite (Victor Mfg. & Gasket Co.) 
Vim Leather (E. F. Houghton Co.) 
Vistex (American Felt Co.) 

Vitalic (Continental Rubber Works) 
Vitrium Packing (The Marlo Co. Inc.) 


Vix Syn (E. F. Houghton Co.) 


Ww 


Wabco (Westinghouse Air Brake Co., Indus- 
trial Products Div.) 


Wave Guide Seals (Parker Seal Co.) 
Wedgeset (Hunter Sales Corp.) 
Wileoid (Chicago-Wileox Mfg. Co.) 


Wilcox Self-Sealing Gaskets (Chicago-Wilcox 
Mfg. Co.) 


Witmington Fibre (Wilmington Fibre Specialty 
Co.) 


Wilpak (Chicago-Wilcox Mfg. Co.) 


Wing Seal (Parker Seal Co.) 
X-L (Excelsior Leather Washer Mfg. Co.) 
Ss 


3M Brand (Minnesota Mining & Mfg. Co.) 





A 


Accordion boots, 18 
Actuator seal, linear, 31 
Adapters, packing, 61 
Antiextrusion rings, 71 
Appendix, 115 

Axial exclusion seals, 18 
Axial-mechanical seals, 32 


Axial seals, 18 


Back-up rings 1 
Balancing, pressure, 49 


Bellows seals, 33 
metal, 44 


Bellowa-type elements, 34 
Bonded seals, 9 
Boots, accordion, 18 
Bushing seals, 21 

fixed, 22 

floating, 22 


Butterfly-valve seal, 31 


Cc 


Carbon labyrinths, 20 
Caged seals, 9 
Ctreumferential seals, 48 
Clearance seals, 20 

Cloth packings, 52 
Combination gaskets, 99 
Company standards, 115 
Compounds, O-ring, 102 
Compression packings, 51 
Conical scrapers, 17 
Contracting rod seal, 31 
Contracting split rings, 24 
Convoluted diaphragms, 77 
Corrugated metallic gaskets, 108 
Cup packings, 64 

Cup packing expanders. 65 


Cups, resilient, 65 


D 


D-Ring seals, 68 
Delta-ring seals, 65 
Diaphragm materials, 82 
Diaphragm seals, 77 
convoluted, 77 
dished, 77 
flat, 77 
rolling, 78 
Dished diaphragms, 77 
Double-element seals, 10 
Dynamic O-rings, 68 


Dynamic rubbing seals, 9 


End-face seals, 32 
End plates, 43 
Envelope gaskets, 97 
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Exclusion devices, 15 
Exclusion seals, axial, 18 
Expanders, cup packing, 65 


Fabric packings, 52 


Fabricated packings, standard nominal sizes 
cup, 119 
V-ring, 119 


Fabricated rubber packings, 59 
Face loading, 35 


Felt radial seals, 6 
plain, 7 
laminated, 7 


Fixed breakdown bushings, 21 
Fixed bushing seals, 22 

Flange packings, 67 

Fianged seals. 9 

Flat diaphragms, 77 

Fiat metallic gaskets, 111 
Floating breakdown bushings, 21 


Floating bushing seals, 22 
segmented ring, 23 
single, 22 


Floating O-rings, 73 


Floating ring seals, 22 
multiple, 23 


Fiowed-in gaskets, 99 
Formed metal-bellows seals, 45 


G 


Gasket materials, nonmetallic, 90 


Gaskets (see specific type) 
combination, 99 
envelope, 97 
flowed-in, 99 
metallic, 103 
miscellaneous, 99 
nonmetallic, 83 
solid plastic, 97 
spiral-wound, 97 


Gland plates, 43 
Glossary, 128-136 


Hollow metallic O-rings, 113 
Homogeneous packings, 59 


Homogeneous U-cup packings, standard nomi 
nal sizes, 118 


Housings, 13 


Inclusion seal, 16 
Industry standards, 115 


J 


Joint and gasket design, 83 


L 


Labyrinths, carbon, 20 
Labyrinth sleeves, 20 
Laminated felt seals, 7 


Leather packings, standard nominal sizes 
cup, 119 
flange, 120 
U-ring, 
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V-ring, 119 
Linear actuator seal, 31 
Lip seals, 9 
Lip-type packings, 58 
Loading, spring, 27 
Lubricants, packing, 56 


Materials 

diaphragm, 82 

packing, 55, 58 
Metal-bellows seals, 44 
Metal-jacketed metallic gaskets, 109 


Metallic gaskets, 103 
corrugated, 108 
fiat, 111 
metal-jacketed, 109 
pressure actuated, 111 
round, 111 
spiral-wound, 109 
solid, 111 


Metallic O-rings, hollow, 113 
Metallic packings, 52 
Military standards, 115 
Miscellaneous gaskets, 99 
Molded packings, 58, 68 
Multiple floating rings, 23 


National standards, 115 


Nonmetallic gaskets, 83 
materials, 90 


°o 


O-ring compounds, 102 
O-ring materials, 76 


O-ring seals, 68 

dynamic, 68 

hollow metallic, 113 
floating, 73 

plain metallic, 113 
pressure-filled metallic, 113 
static, 100 

vented metallic, 113 


O-ring seals, standard nominal sizes 
aircraft type, 124 
industrial type, 121 
dovetail groove, 120 
rotary application, 127 


Ol) seals. 9 
Oscillating shaft seals, 72 


P 
Packing adapters, 61 
Packing lubricants, 56 
Packing materials, 55, 58 


Packings (see specific type) 
cloth, 52 
cup, 64 
fabric, 52 
fabricated rubber, 59 
flange, 67 
homogeneous, 
lip-type, 
metallic, 53 
molded, 58, 68 
plastic, 54 
simple compression, 51 
U-cup, 66 
U-ring, 65 
V-ring, 61 
yarn, 52 


Piston head seal, 31 
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Plain felt seals, 7 

Plain metallic O-rings, 113 

Plastic gaskets, solid, 97 

Plastic packings, 54 

Pneumatic seals, 73 

Positive-drive methods, 38 

Pressure actuated metallic gaskets, 
Pressure balancing, 26, 49 
Pressure-filled metallic O-rings, 113 
Pusher seals, 33 

Pusher-type elements, 34 


Radial positive contact seals, 9 


Radial seals, 9 
felt, 6 
Resilient cups, 65 


Ring scrapers, 17 


Ring seals, 21 
floating, 22 


Rod seals, 72 
contracting, 31 


Rolling diaphragms, 78 


Rotating seals, 33 
ring, 32 
shaft, 31, 72 


Round metallic gaskets, 111 
Rubbing seals, dynamic, 9 


Runners, 50 


Scrapers, 17 
Seal head unit, 32 
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Seal materials, 12, 50 


Seal rings (see specific type) 
step, 24 
three-piece, 26 
two-piece, 25 


Seal seat unit, 32 

Seal seats, 34 

Seats, valve, 72 

Segmented ring floating bushing, 23 


Shaft seals, 34 
oscillating, 72 
rotating, 31, 72 


Simple compression packings, 51 
Single floating bushing, 22 
Sleeves, labyrinth, 20 

Spring loading, 63 


Solid gaskets (see specific type) 
metallic, 111 
plastic, 97 


Spiral-wound gaskets, 97 
metallic, 109 


Split-ring seals, 24 
Spring loading, 27 
Squeeze-type molded packings, 68 


Standard nominal sizes 
homogeneous U-cup packings, 118 
fabricated V-ring packings, 119 
leather V-ring packings, 119 
leather cup packings, 119 
fabricated cup packings, 119 
leather flange packings, 120 
leather U-ring packings, 120 
O-ring seals, industrial type, 121 
O-ring seals, aircraft type, 124 
O-ring seals, rotary application, 127 


Standards and tables, 115 
Static O-ring seals, 100 
Static seal, 31 


Stationary seal ring, 32 
Stationary seals, 33 

Step seal ring, 24 
Straight-cut seal ring, 24 


T 
T-ring seals, 68 
Three-piece seal ring, 26 
Two-piece seal ring, 25 


U 


U-cup packings, 34, 66 
U-ring packings, 65 


Vv 
V-ring packings, 34, 61 
Vacuum seals, 73 
Valve seal, butterfly, 31 
Valve seats, 72 
Vented metallic O-rings, 113 


w 


Wedge, 34 

Welded metal-bellows seals, 45 
Windback, 20 

Wipers, 15 

Wiper exclusion seals, 16 


X-ring seals, 68 


Y 


Yarn packings, 52 
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DESIGN 
The Bearings Book 


One serious problem in working with bearings is the ocean of litera- 
ture that has been developed—a difficult sea for most design engineers to 
navigate. The basic purpose of this handbook is to provide a straightfor- 
ward, easy-to-use guide through these vast waters—a compact information 
source to help solve most common bearing design and selection problems. 

It gives detailed information for the every-day questions, and indicates 
where more sophisticated solutions might be used for uncommon problems. 
It presents data, where possible, in the form of tables, charts and graphs for 
immediate use in designing, selecting and applying bearings. And, in the 
Product Directory, it provides a comprehensive rundown of available bear- 
ing types and manufacturers. 


How to use... 


The Bearings Book has been arranged in two major divisions, Design 
Data and Product Directory, to give the answers to four basic questions: 
1. Which kind of bearing should be used? 
Chapter | aids in choosing between the two major bearing types— 
rolling-element and plain. Chapters 4 and 9 give further help in 
fitting the bearing to the application. 
. How is a rolling-element bearing selected and applied? 
Chapter 5 through 8 provide basic data on ball and roller bearing 
types, selection factors and mountings. 
. How is a plain bearing designed? 
Chapters 10 through 15 cover design and material selection for 
sliding-type bearings. 
. What kinds of bearings are commercially available and who makes 
them? 
The Product Directory is set up in four main sections with exten- 
sive subdivision by bearing type. In each section, detailed informa- 
tion is provided by a coding system. Editorial and advertising 
pages have been indexed and cross-referenced to provide complete, 
self-contained information packages. Also included are alpha- 
betical lists of bearing manufacturers and tradenames. 
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CHAPTER PAGE 


Fundamentals 


Basic Bearing Types. ..... 4 
A. ©. De HART—Discussion of rolling-con 
tect bearings . . . plain bearings . design 
requirements of loading, speed, temperature, 
corrosion, accuracy, friction, space, lubrico 
tien, ond cost 


Bearing Loads ........ 


SAMUEL E. BARNES—Effect of loads 
establishing reactions . causes of loods 
. dynamic forces examples 


SS es ee 


Oils and Greases 

BRUCE M. DUNHAM—Assets of oils and 
greases oil and grease selection 
additives 


Solid and Dry-Film lubricants ... 27 


ARTHUR J. STOCK—Properties and applica 
tions for bearing lubricants 


Rolling Element Bearings 


Selection of Bearing Type . . 


HAROLD BELANGER—Loods speeds 
environments . mechanical requirements 
standardization 


Ball-Bearing Characteristics . . 


HAROLD BELANGER—Description of ball 
bearings, such as radial thrust an 
gular contact internally self-aligning 
two-piece inner ring miniature and 
instrument unground integral 


linear 
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FUNDAMENTALS 


Selection of 


Basic Bearing Type 





LL bearings have their own particu- 

lar advantages and disadvantages— 
there is no universally excellent bearing 
In making intelligent selections it is im- 
portant to understand the general char 
acteristics of the basic types: How they 
work, what they do, and what their strong 
points and limitations are. 

Bearings are designed to permit relative 
and controlled motion between two mem- 
bers which are loaded in some manner. 
The necessary motion may be permitted 
by rolling elements or by sliding mem- 
bers—either with fluid films, boundary 
A brief look 


at the fundamentals and construction of 


films, or with dry surfaces. 


the various bearing types should help 
in not only understanding how the dif- 
ferent bearings operate, but in establish- 
ing a basis for picking the right bearing 
for the right job. 


Rolling-Contact Bearings 


Rolling-contact bearings employ some 
type of rolling element inteposed between 
the loaded members, and relative motion 
is permitted by the rotation of these ele- 
conform 


ments. Bearing races which 


A. 0. De HART 


Senior Research Engineer, General Motors Corp., Warren, Mich. 


closely to the roller shape are normally 
used to house the rolling elements. In 
addition, a cage or separator is usually 
employed to locate the elements within 
the bearing. These rolling elements may 
take many forms: Balls, cylindrical rollers, 
barrel rollers, tapered rollers, and long, 
slim rollers known as needles, Fig. 1. 


Lubrication Requirements: Only a small 
amount of lubricant is necessary to pre- 
vent damage to the bearing. In large, 
high-speed bearings, increased amounts of 
lubricant are required for cooling. Al- 
though termed “rolling-contact” bearings, 
it has been shown that, except for high- 
load operation at low speed, a thin fluid- 
film of lubricant separates the rollers from 
the raceway. 


Fatigue: The primary limitation of roll- 
ing contact bearings is their susceptibility 
to fatigue. The high stress concentrations 
encountered in these bearings when op- 
erated at reasonable load levels virtually 
guarantees that they will ultimately fail 
in fatigue. The random distribution of 
fatigue failures of a group of similar 
bearings is statistical in nature, and the 


designer using these bearings is faced with 
a statistical possibility of failure before 
the useful life of the machine is realized. 
However, rolling-contact bearings are wide- 
ly available, require little in the way of 
specialized lubrication equipment, and are 
easy for the designer to use. 


Plain Bearings 


Included in this large grouping of bear- 
ings are types in which the primary mo- 
tion is of a sliding nature. They in- 
clude designs for radial and thrust loads, 
as well as those which serve to control 
linear motion. They are not as well 
standardized as the rolling-contact bear- 
ings. Also, many different mechanisms 
are used to provide load support in 
plain bearings. 

These bearings may be run dry in high- 
ly specialized instances where load is low 
and motion is slow or intermittent, but 
a lubricant is usually used to good ad- 
vantage. This lubricant may take many 
forms: Dry film, fully-developed fluid 
film, or, when loads are too high or 
speeds too low, boundary film lubrication. 
Dry film, boundary, and mixed-film lubri- 
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Fig. 1—Basic rolling-contact bearing types. 
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Fig. 2--Converging-geometry method 
of generating bearing pressure. 


cation are used with a great deal of suc- 
cess in’ many specialized applications. 
Fully-developed, fluid-film lubrication is 
used whenever possible to keep sliding 
members separated, thereby preventing 
wear. A great number of materials have 
been used as fluid lubricants for such 
bearings including oil, water, gasoline, and 
gases such as Any ma- 
terial possessing sufficient viscosity may 
be (and probably has been) used. Since 
gases have low viscosity, they have low 
load-carrying capacity and operate as 
very thin lubricant films. Also, the sur- 
face finish and geometry must be care- 
fully controlled to insure satisfactory lub- 


air or helium. 


rication. 


Fluid-Film Bearings: The load-carrying 
capacity of fluid-film bearings is de- 
termined by the fluid pressure on the 
effective bearing area. This pressure can 
be generated within the bearing (self-act- 
ing), or can be supplied from outside the 
bearing (externally pressurized). 

There are two modes of generating the 
pressure within the bearing itself. The 
first arises from the geometry of the bear- 
ing, while the second comes from the 
manner of load application. In the first 
case, some sort of converging section 
causes a fluid pressure to be induced as 
a result of the shearing action of the 
fluid when there is relative motion of the 
surfaces, Fig. 2. In the second case, gen- 
erally referred to as dynamically loaded 
bearings, the load-carrying ability results 
because a finite amount of time is re- 
quired to squeeze fluid from between 
closely fitted surfaces, Fig. 3. Continuous 
support of a load can be maintained 
only if the direction of the load is 
changed before the surfaces touch. In 
most applications with varying load, the 
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Fig. 4—Restrictor regulated, externally pressurized bearings. 


total load-carrying capacity is provided by 
both the geometric and dynamic aspects 
discussed here. 

The load-carrying capacity of external- 
ly pressurized bearings does not depend 
upon either the character of the load or 
the relative motion of the surfaces, but 
depends only upon some source of pres- 
sure external from the bearing—usually 
a pump, Fig. 4. Usually, more than 
one bearing is supplied by the same pump, 
and some form of hydraulic restriction 
or flow control is required between the 
pressure source and the bearing recess. 


In operation, the loaded member is raised 
by the action of the recess pressure upon 
the bearing area until flow through the 
restriction is equal to the flow from the 
recess. The integrated product of pres- 
sure and bearing area is then equal to 
the applied load. In this way, bearing 
clearance changes to accommodate changes 
in the load. 

Such hydrostatic bearings can be de- 
signed to have extreme accuracy with very 
little shaft motion due to large changes 
in load. Since they do not rely on rela- 
tive motion to support loads, they are 


5 





DESIGN DATA 


Fig. 5 


Boundary lubrication with fatty acid molecules. 


Film is ruptured at point 


4, but will reform when surface contact separates. 





Sleeve beoring (exte¢nally pressurized ) 


> + 


}- Sleeve bearing 
(self -acting} oi! - lubricated ) 


Ball bearing{ light series) 
1000 hrilife 
10,000 hr life 
Z 














= 


i e eae — 
la 














1000 hr life 





Slebve bearing (IT FE plastic) 


— 10; hr life 


i 





2 





Speed ( 1000 rpm ) 


3 








Fig. 6—Speed, load capacity, and life relationships for several bearing types. All 


bearings are 40 mm ID. 


C/R of 0.001; eccentricity ratio of 0.9; 


Self-acting, oil-lubricated sleeve bearing has L/D of 0.5; 
and lubricant viscosity of 2 10—® reyns. 


Externally pressurized sleeve bearing (1000 psi) has L/D of 0.5; eccentricity ratio of 
0.9. TFE plastic sleeve bearing has L/D of 0.5 with a unidirectional applied load. 


ideally suited for force-measuring equip- 


ment and laboratory instruments. Of 
particular value in these cases is the 
fact that at zero velocity they approach 


zero friction 


Boundary-Lubricated Bearings: Bound- 
ary lubrication is encountered in oil or 
grease-lubricated plain bearings wherever 
fully developed fluid-film lubrication is 
If the lubricant charac- 
teristics are not adequate, proper ma 


not established 


terials must be added to ensure sufficient 
lubrication of this form 

The mechanism of boundary lubrica- 
tion may take either of two forms: First, 
strongly adherent organic molecules which 
form tenacious films on the surfaces such 
that intimate metal-to-metal contact is 
prevented, Fig. 5. Second, chemically re- 
active materials which form surface films 
that have low shear strength such that 
sliding takes place within the film with- 
out damage to the metal surfaces. These 
surface-active materials are commonly 
called extreme-pressure additives. They 
are in reality extreme-temperature addi- 
tives, since the compounds are selected 
to react only at elevated temperatures 


For bound- 


when the part is destressed 


ary lubrication to be successful for any 
extended period of time, care is required 
in not only selecting lubricants, but in 
the choice of bearing and journal ma- 
terials as well. 


Mixed-Friction Lubrication: Most plain 
bearings operate at one time or another 
under mixed-friction lubrication, where 
part of the load is supported by self- 
induced fluid pressure, and the balance 
of the load is supported by the boundary 
lubrication scheme. 


Dry Bearings: Where contamination 
from lubricants cannot be tolerated, such 
as in textile mills or food-processing 
equipment, conventionally lubricated bear- 
ings are often undesirable. In light-duty 
applications, it is simply more convenient 
or economically more feasible to use 
oil-free bearings. These bearings op- 
erate with dry-film lubricants between 
the rubbing surfaces, or are entirely self- 
lubricating and rely solely upon the non- 
galling characteristic of the basic bear- 
ing materials to prevent failure. Ap- 
plication of these bearings is highly 
specialized in any but the least severe 
cases. Under moderate loads, the speed 


must be limited to prevent excessive tem- 
perature rise. The life of these bear- 
ings is usually determined by excessive 
wear or by galling failure. 

Dry-film or solid-film lubricated bear- 
ings usually use some form of graphite 
or molybdenum disulfide—although boron 
nitride, lead oxide, and metal organic 
compounds have been used in special 
cases. These materials perform _ their 
function by being easily sheared to per- 
mit relative motion of the machine mem- 
bers without damage as long as the films 
remain intact. 

Plastics are being used successfully for 
self-lubricated bearings. Higher loads and 
speeds may be attained with some plas- 
tic bearings as compared to nonlubricated 
metal-to-metal operation. Plastic-based 
bearings are subject to wear and are 
limited by temperature to low-speed ap- 
plications. 

Summary: As a class, plain bearings are 
more difficut for the designer to use and 
less available than rolling-contact bear- 
ings. 


Design Requirements 


Rational bearing selection involves care- 
ful study of operating conditions imposed 
by the design. A bearing must be selected 
that will do the necessary job under the 
required conditions of load, speed, and 
temperature. Having found a_ bearing 
which satisfies these requirements, the de- 
signer must investigate requirements of 
the bearing with regard to space, lubrica- 
tion, power, and geometry. These are 
general considerations in nearly every 
bearing design. In some cases, there are 
additional special factors which require 
consideration. Before considering any 
type of bearing, the designer should in- 
vestigate the requirements for the bear- 
ing and make his selection only after 
each bearing type is considered relative 
to these requirements. 


Bearing Loading 


The basic function of any bearing is 
to support the applied load over a given 
speed range for a minimum specified life. 
There are several types of loads which 
dictate the bearing selection. Also, the 
manner in which load varies with speed 
is an all-important factor. Rolling bear- 
ings are much less sensitive in this 
regard than plain bearings, and are ideal 
for supporting loads at low speeds. If, 
on the other hand, the load is applied 
as the speed increases, or the load is 
dynamic in nature, a fluid-film bearing 
would probably be the better choice. 


Load Capacity: Probably the best way 
to understand the interaction of load ca- 
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Fig. 7—Shaft displacement in fluid film bearings?. 
ID self-acting sleeve bearing with L/D of 0.5; 


of 2x 10—® reyns. 


pacity with speed is to examine the 
load capacity of several different bear- 
ing types operating under similar condi- 


tions. Since the size of the shaft is 
often dictated by the design, a compari- 
son of the load capacity of bearings 
which operate on the same shaft size 
is not unrealistic. Variation of load ca- 
pacity with speed is shown for different 
bearing types in Fig. 6. These curves 
are for standard bearings operating under 
standard conditions. The absolute values 
of load capacity can be changed con- 
siderably by changing either the bear- 
ing design or operating conditions. 

The allowable load which may be 
continuously applied to the selected ball 
bearing is shown for both 1000 hr opera- 
tion, and for 10,000 hr operation before 10 
per cent failure of a batch of representa- 
tive bearings may be expected. It should 
be emphasized that short-term increases 
in load above the indicated load ca- 
pacity line can be tolerated with little 
effect on the bearing. In fact, upward 
of 18,000 Ib can be applied to this 
ball bearing for a few minutes before 
failure at S500 rpm. The load capacity 
of rolling bearings is not a direct func- 
tion of speed. Bearing life is limited 
by their inability to withstand a certain 
total mumber of stress cycles at a par- 
ticular load level. 

It is interesting to note in Fig. 6 
the high load capacity of the plastic 
bearing at low speeds. Unfortunately, as 
the speed is increased, the allowable load 
must be reduced—primarily from the 
standpoint of heating effects. If the 
product of the unit pressure and the 
linear velocity is maintained constant, 
such that PV = K, a fair approximation 
of the load carrying capacity of these 
bearings is indicated over the speed and 
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Values calculated for 40 mm 
C/R of 0.001 and lubricant viscosity 


load range. For intermittent duty 50,000 
lb can be applied to this size bearing 
without undue stress, although a more 
normal limit might be 10,000 Ib due to 
possibility of fatigue under long-term ap- 
plications. Load-speed curves for other 
dry and _ boundary-lubricated bearings 
would be quite similar in character to 
the one illustrated in Fig. 6, but dif- 
ferent maximum PV values would be em- 
ployed. 

The calculated load capacity curve for 
a sleeve bearing using a fully developed 
fluid film is given for an eccentricity 
ratio of 0.9 (very conservative), L/D 
ratio of 0.5 and a clearance ratio of 0.001. 

The load-speed relationship for a sleeve 
bearing is considerably different from 
either the rolling or the dry-lubricated 
bearings. Load capacity increases linearly 
with speed. The life of this bearing will 
be indefinite for any load below the in- 
dicated curve on Fig. 6. But, if the 
load exceeds the indicated value on the 
curve for a given speed, the surfaces 
are assumed to be in intimate rubbing 
contact and must rely on boundary lubri- 
cation, which may be inadequate to pre- 
vent failure at high speeds. There are, 
however, certain types of cyclic loads 
which will enhance the load carrying ca- 
pacity of sleeve bearings’. Also, in con- 
trast to the rolling contact and self-lubri- 
cated bearings, there is only one curve 
for a particular sleeve bearing. The bear- 
ing load capacity is not affected by life 
requirements since it is possible for fluid- 
film bearings to approach infinite life 
with proper operating conditions. 

The load capacity of externally pres- 
surized bearings is essentially unaffected 
by speed, although there may be some 
hydrodynamic contribution in certain 
cases. Like the self-acting sleeve bear- 


‘References are tabulated at end of chapter. 
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ing, only one line is shown for the ex- 
ternally pressurized bearing in Fig. 6. 
As long as the load is maintained be- 
low the indicated value, bearing life 
should be infinite. 


Impact Loads: So far, the discussion 
has been centered on steady or slowly 
varying loads. There are several other 
types of load which are of interest in 
making bearing seiections. Impact or 
shock loading is often encountered in 
service and must be dealt with. Rolling 
bearings have little inherent damping ca- 
pacity and must absorb shock loads with- 
in relatively small areas of contact. This 
often leads to excessive plastic deforma- 
tion of the raceways, excessive noise or 
distortion of races, or premature fatigue 
failures. 

Fluid-film bearings, on the other hand, 
can tolerate considerable shock loading, 
particularly if the load is cyclic with 
some reversal during the cycle. In this 
way, large quantities of energy can be 
dissipated in the fluid film—a valuable 
asset in vibrating situations. Fatigue aiso 
must be considered with fluid-film bear- 
ings, since the cyclic load may lead to 
fatigue failure of the bearing materials. 
There is considerable variation in fatigue 
strength properties of bearing materials, 
so that care must be taken in making 
a proper selection. 


Reciprocating Loads: One type of load 
situation often encountered in reciprocat- 
ing engines is at the crankshaft end 
of the connecting rod. These bearings 
are subject to centrifugal forces as they 
rotate about the main bearing axis. Al- 
though centrifugal forces may cause some 
concern in the design of journal bear- 
ings for such applications, the standard 
rolling bearing with roller-controlled cages 
can be a particularly poor choice. The 
cage which serves to guide the rolling 
elements is only lightly loaded in conven- 
tional service, but when revolved about 
an axis other than the conventional bear- 
ing axis, the separator is loaded against 
the locating surfaces by its own weight. 
Race-controlled cages have been used 
with some success in these applications, 
but needle bearings are more popularly 
used on small engines. However, in 
large engines, pressure-lubricated sleeve 
bearings seem to be the best choice be- 
cause of their ability to carry high shock 
loads. 

Summary: Rolling-contact bearings are 
particularly well suited for high-load, low- 
speed operation, and to situations that 
require short-time overloads. They are 
also excellent where it is necessary to 
start under full load. 

Dry and boundary-lubricated bearings 
are best suited for low speeds and in- 
termittent duty. They will carry high 
loads in this type of service, but the 
load capacity drops drastically as speeds 
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are increased. 

Fluid-lubricated plain bearings are ideal 
from the standpoint of long life, and are 
very useful where load increases with 


speed. 


Speed 


Several problems arise when a bearing 
selection is made on the basis of speed 
considerations alone. The interaction of 
speed and load-carrying capacity has al- 
ready been discussed in some detail for 
different bearing types. Most bearing ap- 
plication problem areas have to do with 
the extremes of speed, either very high 


or very low 


Heat: One problem common for all 
high-speed bearings is the removal of 
heat generated as a result of bearing 
friction. Even low-friction, high-speed 
operation results in high power consump- 
tion in the bearings. High-speed opera- 
tion leads to individual operating prob- 
lems which must be recognized when 
selecting bearings for these situations. 

Low-speed operation of rolling bearings 
can be made almost foolproof with only 
a little attention to design and lubrica- 
tion. On the other hand, high-speed ap- 
plication of rolling bearings is an en- 
tirely different matter. Life may be ma- 
terially shortened, special cages or separa- 
tors are required, and lubrication require- 
ments become exceedingly critical. 


Skidding and Skewing: Special situa- 
tions arise which require special treat- 
ment, such as roller skidding and skew- 
ing. Roller skidding occurs when low 
loads are combined with high speed. 
Tractive forces are not sufficient to main- 
tain rolling, and, as a result, sliding oc- 
curs. Roller skidding may be in evidence 
at constant speeds, but it is even more 
troublesome in bearings which are sub- 
ject to rapid speed changes. 

Although skidding can occur in ball 
bearings, it is more damaging to roller 
bearings. Roller bearings and needle 
bearings, in particular, are troubled at 
high speeds by a skewing action of the 
rollers that leads to loading of the roller 
ends. At high speeds the roller ends 
cannot withstand much load without scor- 
ing or otherwise failing. Improved caye 
design will decrease this difficulty and 
permit somewhat higher speed operation. 
As speed is increased, more attention must 
be given to cage or separator design as 
it is often the limiting item both from 
the standpoint of design and material 
selection. 

When the product of the bearing bore 
diameter in mm and the shaft speed in 
rpm exceeds | million, extreme measures 
must be taken to ensure reasonable suc- 
cess with oil-lubricated bearings. Separa- 
tor geometry, balance geometry, material, 
and bearing quality must all be care- 


fully controlled if satisfactory operation 
is to be obtained above this critical num- 
ber. With grease-lubricated bearings a 
maximum DWN value approximately 4 that 
for oil-lubricated bearings is often used. 
Some manufacturers suggest that certain 
precautions are necessary with regard to 
lubricant viscosity at DN values of 25,000. 
Also, it has been noted that outer race 
failures are more common in high-speed 
bearings since the rotating roller gen- 
erates considerable centrifugal load, par- 
ticularly in large-size bearings. 

With very light loads (under 40 psi 
on the projected area), self-acting gas 
bearings have very good high-speed op- 


eration. 


Lubrication: Lubricant quantity above 
that necessary to maintain hydrodynamic 
action is required to cool high-speed 
sleeve bearings, and keep them within 
acceptable temperature limits. In gen- 
eral, this temperature limit is determined 
by the bearing material and lubricant. 
However, as a very useful rule of thumb, 
if the bearing temperature exceeds the 
oil temperature by 100F successful opera- 
tion may be difficult to maintain. 

Generally, high-speed sleeve-bearing op- 
eration is considered to occur above 100 
fps, and speeds through 300 fps may be 
encountered. As long as loads are mod- 
erate and appropriate steps are taken to 
ensure sufficient cooling and adequate 
lubricant (no small task in itself), rea- 
sonable success may be expected with oil- 
lubricated sleeve bearings in the high- 
speed range. 


Bearing Instability: Severe problems are 
almost certain to arise when sleeve bear- 
ings are run at high speed with light 
or no load, unless special precautions are 
taken. Such bearings are encountered as 
guide bearings on vertical shafts or in 
high-speed turbines. 

High-speed bearing problems are due 
to certain types of instability, such as 
turbulence, whip, and whirl. One of the 
most widely investigated of these is the 
phenomenon termed half-speed whirl. The 
shaft center rotates about the bearing 
center at approximately one-half shaft 
speed. Such action can cause violent 
vibration and lead to drastic failure when 
the whirl frequency corresponds to the 
system natural vibration frequency. This 
condition should always be checked in 
any lightly loaded, high-speed applica- 
tion before selecting sleeve bearings. Even 
when faced with these situations the de- 
signer should not be discouraged because 
several modifications of standard sleeve 
bearings can be made to greatly increase 
stability and resist bearing whirl. How- 
ever, there is usually some loss in total 
load-carrying ability with special designs. 
Externally pressurized bearings are often 
an excellent choice for the ultimate in 
high-speed performance. With their re- 
duced areas of close clearance and high 


lubricant flow, extreme speeds are attain- 
able. 


Low Speeds and Oscillation: Since self- 
acting fluid-film bearings cannot main- 
tain a complete film at very low speed, 
another type of lubrication must be relied 
upon to prevent failure. With externally 
pressurized bearings, complete fluid-films 
are maintained at all speeds, and these 
bearings are extremely adaptable to low- 
speed and oscillatory motion operation. 
The load-carrying capacity is a function 
of the external pressure applied by the 
pump, and is essentially unaffected 
throughout the speed range. 

The total load capacity of externally 
pressurized bearings is generally not as 
great as for other types—primarily from 
the limitation of pump pressure. Very 
high-pressure pumps are available, but 
they are usually expensive and somewhat 
troublesome to use. Pressures of 1000 to 
1500 psi are the usual upper limits. 

Oscillating motion may cause special 
problems in rolling bearings. In many 
cases, it is undesirable to operate rolling 
bearings with small-amplitude oscillating 
motions. The very limited or restricted 
motion can lead to fretting or false 
brinelling. On the other hand, boundary- 
lubricated sliding bearings are often read- 
ily adaptable to this type of operation. In 
the case of boundary lubrication, the use 
of spiral grooves spaced according to the 
angular motion of the shaft will greatly 
improve performance. In this way, all 
surfaces of the rotating journal are ex- 
posed to lubrication sometime during the 
oscillation cycle. 


Temperature 


The high-temperature operating limits 
for rolling bearings are set by the ability 
of the bearing steel to maintain sufficient 
hardness at operating temperature. It is 
unusual to find “off-the-shelf” rolling 
bearings which are normalized for opera- 
tion above 250F. Extended operation 
above this normalizing temperature leads 
to excessive annealing and distortion or 
change in internal clearance of the bear- 


ing. 


Special Materials: When necessary, bear- 
ings can be made from special alloy steels 
and other high-temperature materials for 
operation at extremely elevated tempera- 
tures. In most cases, however, lubrication 
above 400F is difficult and highly spe- 
cialized. To be on the safe side, the 
bearing manufacturer should be consulted 
regarding any contemplated bearing op- 
eration above 250 F. Special self-lubricat- 
ing bushings and rolling bearings have 
been designed for use in control linkages 
for air frames at temperatures up to 
1800 F. 

Since sleeve bearings do not have as 
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stringent requirements for either hardness 
or strength as do roller bearings, there 
is a wider selection of materials suitable 
for high-temperature sleeve bearing opera- 
tions. The main temperature limitation 
is that of the lubricant, particularly, 
when conventional lubricating oils are 
used. In order to circumvent this dif- 
ficulty, there are many ingenious sys- 
tems where other materials, such as a 
molten metals and salts or gases, are 
used to provide the necessary lubrication. 
Gas-lubricated bearings are effective for 
lightly loaded, high-speed applications in- 
volving high temperatures. 

Where sliding bearings operate over 
a wide temperature range, care should be 
taken to account for differences in co- 
efficients of thermal expansion of the ma- 
terials involved. In very low-temperature 
applications, PTFE-based materials offer 
improved performance for both self-lubri- 
cating bushings and for rolling-bearing 
cage materials. 


Summary: Both rolling-contact and 
sliding bearings are usable over a wide 
temperature range, although special de- 
signs and materials required for rolling- 
contact bearings generally negate their 
advantages of availability and economy. 
Journal and sleeve bearings may often 
be the best choice for temperature ex- 
tremes, since they are generally designed 
and built for the custom installation. 
Rolling bearings, on the other hand, have 
been used in many unusual temperature 
environments, and much good application 
information is available from manufac- 
turers. 


Corrosion and Dirt 


Bearing type selection for corrosive 
conditions is much the same as for high- 
temperature applications. The expense 


associated with producing special bear- 
ings from the special materials neces- 
sary to resist corrosion, and yet possess 
the necessary hardness, seriously limits 
application of rolling-contact bearings in 
corrosive atmospheres. In general, it is 
simpler to have sleeve bearings fabricated 
from corrosive-resistant materials and, in 
many cases, the corrosive medium can be 
used as a lubricant to support the load. 
In special instances, where low friction 
is required for low-velocity application 
under load, the reduced power require- 
ment may warrant the extra expense of 
special rolling bearings. 


Dirt: There is little inherent capacity 
for dirt in rolling-contact bearings. Manu- 
facturers take great care in keeping dirt 
out of bearings during production and 
subsequent packaging operations. Their 
manuals have much information on how 
to minimize dirt during installation and 
maintenance procedures. 

In rolling-coritact bearings, hard dirt 
particles caught between rollers and races 
can cause indentations which will lead 
to noise and possible early fatigue 
failures. Furthermore, a continuous sup- 
ply of such particles will cause abrasive 
wear. In sparsely lubricated bearings, 
the dirt tends to be driven away from 
the track of the rolling elements, and 
the areas of rolling tend to remain rela- 
tively clean. Thus, some dirt can be 
tolerated without severely hampering the 


operation, although dirt should be avoided 
if possible. 

Materials can usually be selected for 
journal bearings that will digest consider- 
able contamination by embedding into 
the soft bear'ng surface. A thick babbitt 


bearing is a good example. However, it 
does not rate too well as far as load 
capacity is concerned. In many modern, 
high-load-capacity journal-bearing designs, 
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embedability has been sacrificed to attain 
increased load-carrying capacity. In 
either case, it is usually far better to 
try to trap dirt in a filter before it 


enters the bearing. 


Control of Accuracy 


While the bearing must permit free 
rotational motion, radial or axial motion 
is undesirable in most cases and must 
be controlled. 


Sleeve Bearings: Broadly speaking, the 
motion of the shaft center of a sleeve 
bearing is confined within a circle whose 
radius is that of the radial clearance of 
the bearing. More specifically, in fluid 
film bearings, the shaft position is pre- 
dictable on the basis of the operating 
parameters. While the shaft center does 
move under different load conditions, its 
position is reproducible for identical op- 
erating conditions, Fig. 7. Although the 
running position of a machine spindle 
fitted with sleeve bearings may be quite 
different from its static position, it will 
operate smoothly with little vibration. 
For example, parts machined on spindles 
fitted with good quality sleeve bearings 
give good surface finish and geometry, 
although absolute dimensional tolerances 
may be difficult to control. 


Rolling Bearings: These bearings usual- 
ly provide more accurate control of the 
shaft location as compared to conven- 
tional journal bearings. Preloaded angu- 
lar-contact bearings are common in mod- 
ern machining equipment. The shaft mo- 
tion is better controlled under different 
operating conditions. Also, running and 
static positions are more nearly the same. 
Where extreme precision is required, it 
must be recognized that roller bearings 
are subject to elastic deflections of the 





Fig. 8—Shaft displace- 
ment characteristics 
for an externally pres- 
surized sleeve bearing. 
Bearing is 2 in. I 
with 1000 psi supply 
pressure. 
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rolling elements under the applied loads. 
Furthermore, the nonuniform geometry of 
rolling elements and races contributes di- 
rectly to very small-amplitude deflections 
of the spindles even though they are 
fitted with high-quality rolling bearings. 
By way of illustration, OD grinders of 
the best quality may produce parts which 
are round to within 10 microinches. 
However, 20 to 40 microinches is the 
more usual limit. 


Externally Pressurized Bearings: Where 
the additional complication of an ex- 
ternal high-pressure lubrication system can 
be tolerated, externally pressurized bear- 
ings can often provide the ultimate in 
precision location of machine members. 


Self-Lubricated Bearings: In some in- 
stances, spindles of sufficient accuracy 
are provided by boundary-lubricated, or 
self-lubricated, bearings. They may take 
the form of V-blocks, or tightly fitted 
bushings. Here, the precision is a direct 
result of the accuracy of the spindle and 
its mating parts. The operation may be 
somewhat erratic due to “stick-slip” ac- 
tion and variable torque requirements due 
to changing lubrication of the surfaces. 


Summary: In most cases, satisfactory 
precision can be supplied with sliding 
contact bearings. Rolling-contact _bear- 
ings provide better absolute location un- 
der many different operating conditions, 
while the ultimate in precision may be 
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are calculated. Ball bearing starting torque: 
Self-acting, oil-lubricated sleeve bearing data: 


25 Ib-in. with 4000 Ib radial load. 
L/D=0.5; C/R=0.001; 


ness=20 mu in.; sliding friction coefficient= 0.15. l 
472 lb-in. with 4000 Ib radial load. Externally pressurized sleeve 
lubricant viscosity=2x10—® reyns; land 


500 Ib radial load; 
bearing data: L/D 0.5; 
area== recess area. 


C/R=0.001; 


These bearings can be readily designed 
to have extreme stiffness and provide 
vibration-free mounting of precision 
spindles, Fig. 8. They perform without 
noise and vibration. Machine parts have 
been produced with a direct grind opera- 
tion using these spindles to be round 
within 2 microinches, and to have a 
surface finish better than | microinch. In 
any case, roundness control to better than 


5 microinches is readily obtained. 


10 


Friction and speed relationships for different bearing types. 
Bal! bearing curves are measured experimentally, sleeve bearing curves 


lubricant viscosity=2 x 10—° reyns; 


All bearings 
20 Ib-in. with 500 Ib radial load; 


minimum film thick- 
Starting torque: 60 Ib-in. with 


provided by externally pressurized bear- 
ings. 


Bearing Requirements 


Bearing selection is based on more 
than simple evaluation of the design re- 
quirements pertaining to the desired load, 
speed, and proposed environment. A 
successful design also includes a complete 
review of the bearing requirements— 


that is, power, space, lubrication, and 
construction. The reason is two-fold: 
First, it may be found that a completely 
capable bearing may require too much 
starting torque, or require elaborate lubri- 
cation equipment to do the job. Second, 
if the selected bearing is satisfactory in 
all respects a review of its requirements 
is necessary to see that they are fulfilled 
in the final design. In this way, trouble- 
free operation of the bearing will be as- 
sured. 


Friction 

The starting torque requirement of the 
bearing is often a most critical considera- 
tion. Since it is usually higher than the 
running torque, starting friction usually 
will determine the size of the driving unit. 
Rolling bearings require much lower 
torque to start under load than sleeve 
bearings, except when externally pres- 
surized bearings are used, which have 
zero starting torque. These friction- 
torque relationships change at increased 
speeds. 

Fluid-film bearings can be designed to 
have lower running friction than their 
rolling-contact bearing equivalents for a 
particular speed range. For the purposes 
of illustration, torque requirements for 
several different bearings for both high 
load and low loads are shown in Fig. 9. 
Starting torque for the given load is 
high for a fluid-film bearing as it goes 
through the boundary and mixed friction 
stages of lubrication. However, when full 
hydrodynamic film lubrication is estab- 
lished, running friction is comparable to, 
or lower than, that for the rolling bear- 
ing. 

The friction-torque curve for a typical 
externally pressurized bearing shows clear- 
ly both the zero starting torque and the 
low running friction. Friction versus 
torque for the self-lubricated sleeve bear- 
ing is quite variable, depending upon the 
application. Again, these curves are made 
for general comparison to show the nature 
of the friction curve. The relative mag- 
nitudes can be changed considerably with 
small changes in geometry or viscosity. 

It is interesting to note that the start- 
ing friction for the rolling contact bear- 
ing is higher than its running friction. 
If the torque requirement is a critical one 
in the design, it is good practice to make 
comparison of the actual bearing, such 
as done here. Design curves for journal 
bearings are readily available, but this 
information for rolling bearings may be 
difficult to find. 

A friction value for the self-lubricated 
bearing is not indicated. It is highly 
variable, with a range from 0.04 to 0.16. 
The value of 0.13 is typical for a TFE 
bearing running at a reasonable speed. 
In any event, the friction is usually 
many times that for the rolling bear- 
ing, or for the sleeve bearing with fully 
developed fluid-film lubrication. 
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Fig. 10—Relative space requirements for bearings of different types. Radial space require- 
ments of rolling bearings may be reduced by using shaft for inner race, or housing for 


outer race. 


Summary: If a device is subjected to 
many starts under a significant load, roll- 
ing bearings would be a better choice 
than sleeve bearings. However, externally 
pressurized bearings would provide the 
lowest starting friction with some addi- 
tional complications of equipment. If, 
on the other hand, there is little load 
at the start, and the load is applied as 
the speed is increased, the conventional 
oil-lubricated sleeve bearing would be 
preferred. 


Space Requirements 


Space requirements are not usually a 
serious consideration in most bearing ap- 
plications, but can be an important fac- 
tor when space is at a premium and 
must be minimized. For purposes of 
comparison, the relative dimensions for 
representative bearings for each of the 
basic types are shown in Fig. 10. The 
general comparison is valid for the more 
conventional bearings only. 


The ball bearing requires considerably 
more radial space than its sleeve-bearing 
counterpart. On the other hand, the 
sleeve bearing requires slightly more axial 
space. Needle bearings are close to the 
journal bearing in space requirement. 


Thus far only the space occupied by 
the bearing has been discussed. If the 
total space requirement is considered, the 
lubrication system must also he included. 
Dry-lubricated sleeve bearings, boundary- 
lubricated sleeve bearings, or bearings with 
self-contained lubricating systems do not 
require space for additional lubrication 
equipment. However, in systems where ex- 
ternal oil supplies are provided, the 
journal bearing would generally require 
more lubrication system space than would 
their rolling-bearing counterparts. 


1961 Edition 


Lubrication 

In many of the conventional applica- 
tions where rolling bearings are used, only 
a small—though vital—amount of lubrica- 
tion is required. The lubricant must 
prevent damage from slip that occurs 
between the rolling elements and the 
raceways, and from the much more rapid 
sliding between the separator and its con- 
trolling surfaces. This small lubricant re- 
quirement permits “sealed-for-life” bear- 
ings to be used in many moderate-serv- 
ice applications. When rolling bearings 
are used for high load or speed situa- 
tions, additional lubricant is often neces- 
sary to provide cooling to keep tempera- 
tures within safe limits. Additional cool- 
ing may be supplied by conventional 
pump systems or with oil-mist lubricat- 
ing systems. An outstanding feature of 
rolling bearings is their ability to main- 
tain successful operation with short-term 
interruption of lubrication, even under 
severe circumstances. 

In contrast to the rather meager lubri- 
cation requirements of rolling bearings, 
oil-lubricated sleeve bearings cannot tol- 
erate even momentary interruption of 
lubricant flow when operating at high 
speeds. To ensure desired performance 
in high-load and high-speed systems, every 
possible precaution must be taken to 
prevent even momentary loss of the lubri- 
cant supply. This may require an oil 
pressure interlock to stop operation when- 
ever oil pressure drops below an estab- 
lished minimum value. 

Externally pressurized bearing systems 
require clean, continuous, and uninter- 
rupted lubricant flow at sufficient pres- 
sure. For moderate service, self-contained 
lubricant systems, either wicked or sin- 
tered-metal bearings impregnated with 
iubricant, are widely used with sliding 
bearings. The verv simplest lubricating 


requirements are those of dry bearings 
when used in moderate service. 


Summary: Lubrication requirements for 
bearing types, in order of decreasing im- 
portance, are: 1, Externally pressurized 
bearings. 2. Self-acting plain bearings. 
3. Oil-lubricated rolling bearings. 4. Self- 
lubricated plain bearings. 5. Self-lubricated 
rolling bearings. 6. Dry-lubricated plain 


bearings. 


Cost 


In many bearing selection problems, the 
bearing cost is often considered first, and 
can lead to false economy. The most ex- 
pensive bearing is the one which will 
not do the required job, regardless how 
little its first cost may be. There are 
many things to be considered in the 
study of bearing cost: Cost of the basic 
design, manufacturing cost, cost of main- 
tenance, cost of replacement, and the most 
expensive cost of all—that of failure. 

In high-production quantities, sleeve 
bearings and bushings, even of precision 
quality, are considerably cheaper than 
rolling bearings. In moderate quantities, 
there may not be much price difference 
in these bearing types, and in limited 
production with special designs, sliding 
bearings may be considerably more ex- 
pensive than rolling bearings. Dry-film 
and boundary-lubricated bearings usually 
employ proprietary materials that may be 
expensive on a first-cost basis. 


Design Costs: Lower costs usually re- 
sult with the selection of rolling bear- 
ings or dry-lubricated bearings when the 
latter are usable. Manufacturers of roll- 
ing bearings have design manuals avail- 
able to simplify the design procedure 
and reduce design time. Except for the 
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light-duty cases or where there is con- 
siderable previous experience, self-acting 
sleeve bearings may require considerable 
design time. Also, in critical cases, proof 
of the design in an experimental pro- 
gram may be required—either full-scale 
or by bench testing. Specific recom- 
mendations can often be obtained from 
the manufacturer for using rolling bear- 
ings in unusual environment or under 
unusual conditions. Here, too, in extreme 
cases an experimental program may be 
required. While the performance of ex- 
ternally pressurized bearings can usually 
be predicted by simple calculation, con- 
siderable design time is often required to 
ensure a completely reliable system. 


Machining or Shop Costs: For rolling- 
contact bearings, these costs cannot be 
readily reduced due to the precision re- 
quired by the specified tolerances on 
shaft and housing dimensions. On the 
other hand, acceptable finishes and tol- 
erances can often be obtained for sleeve 
bearings by less expensive machine tool- 
ing. While smooth and round journals 
may be required to develop the highest 
load carrying capacity in these bearings, 
many plain bearings operate satisfactorily 
with only lathe-turned journals. 


Maintenance Costs: Type of lubrication 
system selected for the bearing strongly 
influences maintenance costs. If bearing 
lubrication systems are self-contained, 
then the bearing seals may dictate the 
maintenance costs and service schedule. 
If full-pressure oil-lubricating systems are 
used, the amount of dirt and other con- 


“factors. 


taminants, coupled with the quality of 
filtration, may be the final determining 
In general, rolling-contact bear- 
ings will have lower maintenance costs 
due to their generally lower lubrication 
requirements. The ultimate in this re- 
spect is the self-lubricated bearing, pro- 
vided that it has sufficient life expecta- 


tion. 


Replacement Costs: These costs are more 
a function of the design than of the 
individual bearing type. In many de- 
signs the bearings must be damaged in 
making a simple disassembly of the de- 
vice, rendering them unfit for further 
use. Better design practice and provid- 
ing special pullers will prevent many of 
these difficulties. 

It is usually simpler to replace slid- 
ing bearings; their removal and replace- 
ment is generally more straightforward 
than for rolling contact bearings. None- 
theless, thoughtless design can render it 
impossible to disassemble any bearing 
type. Also both bearing types can suf- 
fer completely incapacitating damage dur- 
ing assembly if they are not properly 
handled. All of the effort spent in se- 
lecting the bearing and the subsequent 
design work may be completely wasted 
by a momentary slipshod act during 
bearing assembly. 


Cost of Bearing Failure: The biggest ex- 
pense of all is that of bearing failure. 
There are differences that depend to 
some degree upon the extent of the failure 
involved. For example, rolling bearings 
fail primarily from fatigue, and in most 
cases the early fatigue areas give an 


audible indication of trouble, long before 
the bearing is rendered inoperative. Slid- 
ing bearings seldom give such warning— 
they may be performing seemingly quite 
well just moments before undergoing 
violent failure. 

On the other hand, in bearings sub- 
jected to total failure, particularly at 
high speed, the failures with rolling- 
contact bearings will be total, catastrophic, 
and dramatic. Such failures with jour- 
nal bearings often may require little more 
than polishing of the shaft to put it 
back into service. Obviously this light 
damage of sliding bearings depends to a 
large extent upon the bearing materials, 
lubricants, and operating conditions. Very 
dramatic failures can also result with 
sliding bearings. 


Summary: In one-of-a-kind designs, par- 
ticularly in laboratory rigs and test ma- 
chines, it is often most economical to 
use off-the-shelf rolling bearings. Self- 
lubricating bearings are usually proprietary 
in nature and may have a high first 
cost, but may be inexpensive in the 
long run due to low maintenance. Oil- 
film sliding bearings are often very in- 
expensive where high production runs are 
involved. Externally pressurized bearings 
are expensive and, in general, are se- 
lected because the bearing requirements 
cannot be fulfilled with other types. 
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FUNDAMENTALS 


Bearing Loads 








| ba supporting rotating parts, bearings 
are subjected to complex forces. Con- 
sequently, one of the first steps in the 
selection or design of a bearing is an 
evaluation of these forces, and considera- 
tion of their effect on the bearing. 

Very seldom can all loads acting on a 
mechanism be accurately determined. Sim- 
ple loads can be calculated directly, of 
course, and there are techniques for mak- 
ing very good approximations for com- 
plex loads. However, when the bearing 
gets into service, any number of mal- 
functions can occur which affect the load- 
ing condition of the bearing. For in- 
stance, an inadvertent unbalanced rotor 
could cause an unexpected rotating load. 

In the final analysis, there is no sub- 
stitute for experience and good judgment 
in the evaluation of bearing loads. If 
a bearing is designed on the basis of 
the worst possible service condition there 
will be economic penalties. If normal 
loading is underestimated, and the bear- 
ing is underdesigned, premature failure 
will probably occur. 


Effect of Loads on Bearings 


Since there are two general kinds of 
bearings, slider and antifriction, there are 
two aspects te the problem of the effect 
of loading. 


Plain Bearings: For solution of the 
forces acting on most journal bearings, 
all of the usual laws of statics apply. If 
the supported shaft is not so long or 
flexible that an overturning moment is 
developed, the bearings can be considered 
as knife-edge supports. If the shaft is 
long or flexible, more sophisticated tech- 
niques of analysis must be used. 

The maximum expected load is the 
most important consideration for plain 
bearings. As long as the load on a 
plain bearing does not exceed the load 
capabilities of the bearing material (See 
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Chapter 11), these bearings should give 
good service. 

Full-film lubricated bearings have sev- 
eral additional limitations. The operation 
of a full-film lubricated bearing depends 
on its geometry. Excessive deflections 
may destroy the load-carrying film. So 
full-film lubricated bearings are very 
susceptible to the troubles caused by 
shaft misalignment. A slight misalign- 
ment reduces the load-carrying capacity 
of the fluid film considerably. 

Theoretically, as long as the load on 
a full fluid-film bearing is steady and 
below the capacity of the fluid film 
and the structure, the bearing should 
have an infinite life. Cyclic loads on 
journal bearings will eventually cause 
fatigue failures, but if stresses are kept 
within reasonable limits, satisfactory life 
can be obtained. 


Antifriction Bearings: Ball and roller 
bearings have a definite expected life 
under a given load. This expected life 
is limited by fatigue. Since any particu- 
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lar point of a bearing race is stressed 
each time a loaded element rolls by, it 
is not possible to select a bearing load 
which will give unlimited bearing life. 
Methods of calculating bearing life are 
given in Chapter 7. Besides bearing load- 
life, maximum load and maximum static 
ratings are given for antifriction bear- 
ings. 

Another complication, when using ball 
or roller bearings, is the necessity of con- 
sidering the bearing reaction as a result 
of an externally applied force. After the 
external forces are resolved into a system 
of components, they are equated to a 
bearing reaction. The bearing reaction 
is some force, acting along the line of 
action of the bearing, which balances 
out the external forces. 


Establishing Bearing Reaction 


A load applied to any type of rotat- 
ing shaft causes a load on the shaft 
bearing. Ordinarily, a shaft is supported 
by two bearings, Fig. 1. The load can 
be applied either between the bearings, 
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Fig. oy ¥ shafts. Usually, shafts are supported by two bearings. 
the forces acting on the bearings can be solved 
If the shaft deflects considerably, however, an overturning moment acts 
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In most 
by ordinary summation of 
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Fig. 2—Belt and rope drives “a a certain amount of tension to prevent slippage. 


This belt tension must be add 
the total load on the shaft. 


or outside the bearings. In either case, 
the reaction on the bearings depends on 
the magnitude of the load, the distance 
between the bearing centers, and the point 
of load application. 

When a shaft is subjected to a load 
it deflects a certain amount. If the 
shaft is held between two self-aligning 
bearings, the bearings will accommodate 
the shaft deflections, and will be sub- 
jected to radial loads only. If the shaft 
is held between bearings which are not 
self-aligning, the shaft deflection will 
cause an overturning moment on the 
bearings in addition to the radial load. 

The loads acting on bearings which 
support a single-span shaft (a shaft held 
between two bearings) are easily solved 
by ordinary methods of statics, but only 
if the supporting bearings are self-align- 
ing. In this case, the bearings are con 
sidered as simple, knife-edge supports, and 
the shaft is treated as it would be in 
an ordinary beam problem. The other 
situation, where there is an overturning 
moment on the bearings, is indeterminate 
by ordinary means of statics. However, 
if the shaft is very rigid, or the loads are 
light, a satisfactory approximation can 
be obtained by considering the bearings 
as simple supports. 

Reactions caused by loads on multiple 
span shafts are also _ indeterminate 
Fortunately, techniques do exist for the 
solution of these problems.* 

These more sophisticated techniques are 
rarely necessary for the solution of bear 


ing load problems 


Antifriction Bearing Centers: The bear 
ing center, pressure center, or loading cen- 
ter of an antifriction bearing is the 
point on the bearing axis through which 
the load line of the rolling elements 
passes 

In bearings with a constant angle of 
contact, such as tapered roller bearings, 
the loading center is fully determinate 
In bearings with a variable angle of 


"A J Scalzo—"‘Misalignment Moments,"’ 
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to the tension in the driving side of the belt to get 


Nomenclature 


Force, Ib 
Tangential turning force, Ib 

= Load on axle or shaft, Ib 
Resultant load on bearing, |b 
Effective force acting on bearing, 
lb 
Radiai load on bearing, Ib 
Separating force exerted between 
two gears, lb 
Thrust force on bearing, Ib 
Radial load on bearing due to 
weight of parts, lb 
A correction factor to correct for 
losses in a gear-driven mechanism 
A correction factor to account for 
inaccuracies in gear tooth form 
Summation of moments, Ib-in 
Rotational speed, rpm 
Power, hp 
Pitch radius of gear or effective 
radius of unbalance, in. 
Torque, Ib-in. 
Weight, Ib 
Gear tooth pressure angle, deg 
One half of pinion pitch cone 
included angle, deg 
Helix, or lead, angle, deg 


contact—deep-groove ball bearings, for 
example—the directions of the individual 
ball loads change with the direction of 
the bearing load, and the position of 
the loading center is indeterminate. 
However, in practice, it is usually as- 
sumed that the pressure center of such 
bearings coincides with the geometric 
center. One exception to this is the case 
where the distance between bearings is 
very short. In this case the error in 
position will be big enough, compared 
to the length of the shaft, to cause a 
high percentage of error. Locations of 
loading centers for common types of anti- 
friction bearings are shown in Table 1. 
When the bearings loads are calculated, 
inertial and other forces must be con- 
sidered and added to the normal loads 


Variable Angle of Contact 
Deep-groove ball bearings are capable of 
enduring loads which pass the 
center of the balls and lie anywhere in- 
side the included angle shown. Exact 
location of bearing center is indetermi- 
nate. 








Geometrically Centered Bearing 
Self-aligning ball bearings, radial roller 
bearings, and plain cylindrical roller 
bearings have a loading center which 
coincides with the geometric center of the 
bearings 


Displaced Bearing Load Center 
In single-row angular contact bearings 
and tapered roller bearings the pressure 
center is always displaced from the geo- 
metric center. The location of the load- 
ing center is usually given by the manu- 
facturer. 


Two Pressure Centers 
Double-row angular contact bearings and 
double-row tapered roller bearings have 
two pressure centers. 





Forces of variable magnitude and direc- 
tion cause variable bearing loads which 
must be converted into equivalent steady 
radial loads. 


Causes of Bearing Loads 


Loads on bearings are the result of 
one or more of these causes: 
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Fig. 3—The force which one gear exerts on another 
to cause it to turn causes a reaction on the shaft 
which must be absorbed by a bearing. Also, a sepa- 
rating force tries to move the two gears apart. 


1. Components whose weight must be 
supported by the bearing. 

2. Reactions which are the result of 
power transfer from one shaft to another. 

3. Reactions which are the result of ex- 
ternal work being done. 

4. Inertial forces due to accelerations or 
decelerations, including centrifugal forces. 

In very few cases is the weight of the 
rotating mass the only load on a bearing. 
Usually, other applied loads are the re- 
sult of mechanical forces so large in 
comparison that the actual weight of the 
parts may be ignored. 


Centrifugal Forces: When a _ bearing 
must support an unbalanced rotating mass, 
it will be exposed to centrifugal forces. 
If the unbalance condition is the result 
of an eccentricity designed into the rotat- 
ing part, the amount of eccentricity is 
known, and the centrifugal force on the 
shaft, F», is found by 


where r effective radius of unbalance, 
in. 

High-speed rotating machinery is some- 
times balanced as the last step in its as- 
sembly. In this case, the amount of un- 
balance is usually given in gram-inches, 
or ounce-inches, and the force on the 
bearing is 


where x unbalance, oz-in. 
Power Transfer Forces: When power is 


transmitted from one shaft to another, 
and the two are not coaxial, there is a 
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force. 


reaction on each shaft. The magnitude 
and the direction of these forces depends 
on the amount of power transmitted, the 
shaft speeds, and the method of transmis- 
sion. 

Besides this reaction on the shaft, which 
is a radial force, many power transfer 
devices cause a thrust load on bearings. 
To evaluate these forces they must be 
resolved into equivalent radial and thrust 
loads, since in any bearing, sliding or 
antifriction, radial capabilities and thrust 
capabilities are usually given separately. 
Some sliding bearings have separate thrust 
surfaces to support the two different kinds 
of loads. However, the rolling element in 
some types of antifriction bearings can 
do both jobs simultaneously. 

Chain, Belt, and Rope Drives: Bearings 
used in conjunction with chain, belt, and 
rope drives do not experience any thrust 
loads, unless shaft or sheave misalignment 
occurs. 

Any chain or belt drive depends on 
tension in one of the sides of the chain 
or belt to cause a turning force in the 
driven sheave or sprocket wheel, Fig. 2. 
This tension causes a reaction on the 
bearing. Belt or rope-drive systems, which 
depend on the friction of the belt or 
rope to turn the driven pulley, must 
have a certain amount of pretension in 
the belt. In this case, the tension re- 
quired on the driver side, to turn the 
driven sheave, is added to the pretension 
which exists in the idler side of the belt 
to get the shaft reaction, and from that, 
the bearing reaction. Chain drives do 
not require any pretensioning, and the 
bearing reaction is simply equal to the 
tension in the driving side of the chain. 

For flat-belt drives where heavy belt 
tension is not required to transmit the 
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Fig. 4—Helical spur gears exert radial loads on bear- 
ings due to the turning force and the separatin, 
At the same time, a thrust force is generat 
by the inclined teeth. 


power, multiply the tension force in the 
driving side of the belt by 2.5 to get a 
good approximation of the load on the 
shaft. Where flat-belt drives are used 
on small-diameter pulleys, or where the 
angle of contact is low, multiply the 
tension by 3. 

V-belt drives operate properly with a 
smaller amount of static tension. To ob- 


tain shaft loading for V-belt drives multi- 
ply the tension force in the tight side 
by 2. Rope drive systems usually have 
pulley grooves with sides tapered to an 
included angle of about 45 deg. For 
these pulleys multiply the tension by 2 


to obtain the shaft load. When the 
pulley grooves are 60 deg, more tension 
is required, and the tension in the tight 
side must be multiplied by 3 to obtain 
the shaft load. 

Spur Gearing: Just like those bearings 
used with belt drives, bearings used in 
conjunction with spur gears usually ex- 
perience no thrust loads. However, be- 
cause of the pressure angle on the face 
of contacting gear teeth, a force does 
exist which tries to force the two spur 
gears apart radially, Fig. 3. 

The load tending to separate the gears 
equals approximately the tangential turn- 
ing force on the gears times the tangent 
of the tooth pressure angle. Pressure 
angles on standard spur gears are either 
144%, deg or 20 deg. This separating 
load on the gears is always less than the 
turning force. 

Both the tangential turning force and 
the separating force must be absorbed by 
the bearing, and are considered to act 
at the point of tangency of the pitch 
circles of the driving and driven gears. 
The separating force acts along the line 
of centers of the gears, and the tangential 
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DESIGN DATA 


Fig. 5—Bevel gear sets cause both thrust and radial 


loads. The separatin 


force between the two gears 


is resolved into a radial and a thrust component. 


force acts along the common tangent of 
the pitch circles. 

The tangential force on the driving 
gear acts in a direction opposite to its 
direction of rotation; the tangential force 
on the other gear acts in the same direc- 
tion as its motion or rotation. 

Helical Gears: Bearings used with gears 
having helically inclined teeth are sub- 
ject to two forces similar to those on 
straight spur gears, plus a thrust load 
caused by the angle of action of the 
helix, Fig. 4. Helical gears can op- 
erate with an angle as much as 90 deg 
between the axes of the two gears. 
Analysis of bearing leads becomes much 
more difficult when the gear axes are 
skewed, so only those gears with parallel 
axes are considered here. 

Sometimes the determination of which 
way the thrust acts is difficult. Here 
are some points to remember: 

1. Both gears, the driver and the driven, 
in a set of helical gears will exert a 
thrust force and will require a bearing 
with thrust capabilities. 

2. The direction of the thrust on the 
bearing reverses any time the direction 
of rotation reverses. 

3. Reversing the direction of the helix 
angle will reverse the direction of the 
thrust. 

The magnitude of the turning force 
and the separating force on helical gears 
is determined by the same manner used 
for straight spur gears. The thrust of 
helical gears is found by multiplying the 
tangential turning force by the tangent 
of the helix angle, but only when the 
parallel, and the 
helix angle of both gears is the same. 


axes of the fears are 


When the axes of two helical gears are 
at right angles to one another, the turn- 
ing force on one gear will be the thrust 
load on the other, and vi-e versa. 

The thrust force exerted by helical gears 
acts parallel to the axis of rotation. For 
two helical gears mounted with their 
axes parallel, the direction of the thrust 
is toward the end of the shaft from 
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Fig. 6—In a worm gear set, the turning force on the 


causes an equal thrust reaction on 


worm. 


r 
The turning force on the worm causes an equal thrust 


reaction on 


which the rotation appears clockwise for 
left-hand driving gears, and right-hand 
driven gears. To determine whether a 
gear is right or left hand, visualize the 
helix as a very fast-lead thread. A right- 
hand thread corresponds to a right-hand 
helix. For right-hand helix driving gears 
and left-hand helix driven gears the thrust 
force acts toward the end of the shaft 
from which rotation appears counter- 
clockwise. 

Herringbone Gears: Herringbone gears 
have helically inclined teeth, just like 
helical gears. Two rows of helical teeth, 
each row with a different hand, are 
mounted on the same gear blank in such 
a way that the respective end thrusts 
cancel one another. The tangential turn- 
ing force and the separating force are 
calculated in the same manner used for 
helical gears. 

Straight Bevel Gears: Bevel gears are 
used to transmit motion between inter- 
secting shafts. The shaft loads caused by 
bevel gears are found in much the same 
manner as for spur gears, but the separat- 
ing load found in straight spur gears ap- 
pears as a thrust load in bevel gears, in- 
stead of a radial load, Fig. 5. 

Although bevel gears may be used in 
an application where both gears in the 
pair are the same size, more common 
practice is to use one small gear (the 
pinion) and one larger gear together. 

In practice, the tangential turning force 
on bevel gears is considered to act at 
the midpoint of the tooth. In reality, 
the tangential load is centered somewhere 
between the midpoint and the large end 
of the gear. There is only a small error 
when the midpoint is used as a center. 
Consequently, the tangential turning force 


the gear. 


for the pinion is 


T 


Tr) 


F,= 


where r1 = mean pinion pitch radius, 
in. The mean pinion pitch radius is 
found by 


1 
%* ~~ Fen P) 


where d = pinion pitch diam at largest 
diameter of pinion teeth, in.; f = face 
width, in.; and 8 = one-half of the in- 
cluded pinion pitch cone angle, deg. 

The thrust exerted by the main gear is 


Fig = F, tanacos B 


On most bevel gears the pressure angle, 
a, is 20 deg. However, bevel gears are 
not standardized, and the pressure angle 
can vary considerably. 

The thrust exerted by the main gear on 
its bearing also appears on the pinion 
as a radial load. Conversely, the thrust 
on the pinion-gear bearing appears on 
the main gear as a radial load. 

Pinion thrust is 


F.p = T, tana sin £ 


Worm Gears: A set of worm gears is 
subject to the same three basic forces; 
a tangential turning force, a separating 
force, and a thrust force. All three forces 
act through the tooth-contact area, Fig. 6. 
However, even though the transfer of 
power is accomplished through a sliding 
area of contact in a worm-gear set, for 
purposes of analysis the forces are con- 
sidered to act through the point of inter- 
section of the worm pitch diameter and 
the gear’s vertical centerline. 
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The teeth of both gears in a worm- 
gear set require a certain amount of in- 
clination, a helix angle, in order to func- 
tion. Usually, the helix angle of the 
main gear is given, but the lead angle 
of the worm is given. The lead angle 
of the worm is the complement of its 
helix angle, and the lead angle of the 
worm is equal to the helix angle of the 
main gear when the axes of the two gears 
operate at an angle of 90 deg to one 
another. 

In a worm-gear set, the worm is prac- 
tically always the driver gear. Therefore, 
tangential turning force is based on in- 
put torque and the radius of the worm, 
ri. This force is 


y,=— 
r) 
The tangential turning force exerted by 
the worm gear appears on the main gear 
as a thrust force. 

The thrust force which appears on the 
worm gear is equal numerically to the 
force which acts to turn the main gear. 
The magnitude of the force, neglecting 
friction losses, is found by 


Fiw = « Fe “ 
tan y 

where yY = lead angie of the worm gear, 
deg. Since worm-gear sets ordinarily are 
used with very high gear ratios, as high 
as 300 to 1, the thrust force which must 
be absorbed by the worm-gear thrust 
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bearing is the highest force acting any- 
where in a worm-gear set. 

The magnitude of the separating force 
between the two gears is a function of 
tooth pressure angle. Numerically, neglect- 
ing friction losses, this force, 


F, tana 
F, = — 
tan y 


Dynamic Forces 


A particular bearing may have a cer- 
tain life under a steady load, but when 
the steady load is combined with vibra- 
tion or shock loads, the life may be re- 
duced considerably. 

When determining the load which a 
bearing has to carry, it is not sufficient 
to calculate only the steady loads caused 
by weights, working pressures, torques, 
etc. A number of additional effects must 
also be considered. One method of do- 
ing this is to multiply the theoretical 
load, F, by a dynamic factor, fx, to get 
an effective load, Fey;. 

In this chapter, methods of calculating 
the theoretical force acting on a_bear- 
ing due to gears have been explained. 
To determine the actual effect of these 
loads on the bearings, consideration must 
be given to two dynamic effects. One 
is due to the vibration introduced by 
inaccuracy in gear tooth form and finish, 
while the other is due to the dynamic 
effect of the driven machine or mecha- 
nism. 








Design Examples 


The loads which bearings must sup- 
port in machines where power is trans- 
ferred from one shaft to another are a 
result of simple force relationships. Cal- 
culations to determine these loads are 
straightforward, once these relationships 
are known. Examples illustrating solu- 
tions to some of the more common bear- 
ing loading problems appear on the next 
few pages. These examples are based on 
a zero friction loss, and no allowances are 
made for dynamic factors. 








2—BEARING LOADS 
The total gear force is given by 
Pin = FX fx X fa 


where fx = a factor dependent of the 
degree of inaccuracy in the gear tooth 
form; and fa = a factor dependent of the 
characteristics of the driven mechanism. 
The factor fx may be given these values: 


Application ty 


Precision gearing 

(errors less than 0.0008 in.) ... 
Ordinary gearing 

(errors of 0.0008-0.004 in.) ... 


1.0-1.1 
1.1-1.3 


The factor fa, which takes into account 
the dynamic characteristics of the machine 
or mechanism being driven by the gear- 
ing, is more difficult to determine. Here 
are some often-used values: 


Application te 


Rotating machines free from im- 
pact. (electric motors, turbo- 
compressors, rotating kilns, etc.) 1.6-1. 

Reciprocating machines, low to 
moderate impulses .2-1. 

Machines with pronounced impact 1.5-3. 


1 


Loads due to gearing are not the only 
applications where some dynamic factor 
should be applied. Other classes of ap- 
plications are: Belt drives, where the 
vibration of the belt may cause loads 
in addition to the loads required to 
maintain belt tension; wheel bearings, 
where unexpected radial and axial shock 
loads occur; crane and elevator bearings, 
where dynamic forces are induced by 
starting and stopping. 
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Chain, Belt, and Pulley Drives 


Only radial loads are applied to the bearings. 

Basic Relationships: The tensions in both sides of the 
chain, belt, or rope appear as radial loads on the 
bearings. Tangential turning force is found by 


63025 P 
Nr 


where N rotational speed, rpm; P power trans- 
mitted, hp; and r effective radius of the pulley or 
sprocket, in. Chains, belts, and rope drives require 
different amounts of pretensioning to prevent slippage. 
Total load on shaft is considered to be the same as 
F, for chain drives, 2. to 3 times Fa for flat belt 
drives, 2 times F, for V-belt drives, and 2 to 3 times 
F, for rope drives. Individual bearing loads are found 
by summation of moments. 


500 ib 


Example: A heavy, 100-hp electric motor turns at 
1720 rpm The motor rotor weighs 500 Ib. The 
enter of gravity of the rotor acts in the middle of the 
rotor supports, which are 20 in. apart. A multiple V- 
belt pulley, located with its axial center 6 in. outboard 
of the driver end bearing, connects the motor to an 
air compressor. ‘The effective radius of the pulley is 
5 in. What is the load on the driver-end motor bear- 
ing when the air compressor is using rated horsepower? 

The load on the driver end bearing due to the weight 
of the rotor, 

10 


F = (500) 250 lb 
2¢ 


The turning force on the pulley, 


100 (63025) 
1720(5) 


734 Ib 


It is necessary to add to this the addition belt ten- 
sion caused by pretensioning. For V-belt drives F, = 
2F,.. Therefore 


F, 2(734) 1468 lb 


where F; load on the shaft due to belt tensions, Ib. 
By summation of moments, the radial load F, on the 


end bearing is 
26 (1468) 
F, 1908 lb 
20 
he resultant total radial load on the end bearing has 
a magnitude given by 


F, v (250)? + (1908)2 = 1922 Ib 








Straight Bevel Gears 


Since the teeth of bevel gear are set on an angle, 
the separating force acts both as a radial load and 
a thrust load on the bearings. 

Basic Relationships: The tangential force on the 
gears is found by 


where ri is the mean pitch radius of the driving gear. 
Usually the pinion is the driving gear. The thrust 
on the large gear is found by 


Tig — F, tanacos ps 


This thrust load on the large gear appears as an ad- 
ditional radial load on the pinion gear. The thrust 
exerted by the pinion gear is 


T.p = F, tanasin s 


Likewise, this thrust load causes a reaction on the large 
gear shaft, which appears on the large gear bearings 
as an additional radial load. 


Bearing! Bearing2 


a 
7— 
Xs 


} 
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Example: A pinion gear is driving a larger bevel 
gear as illustrated. The tooth pressure angle is 20 deg, 
and the pinion speed is 1000 rpm. If the large gear 
extracts 100 hp, what is the magnitude of total re- 
sultant radial load on bearing 1? 

Torque on the pinion is given by 


100 (63025) 
—— = 6302 lb-in. 
1000 


which is used to compute the tangential turning force, 


6302 


— = 6700 lb 
0.94 


using this figure in the thrust equation for the large 
gear, 


Fig = 6700(0.364) (0.966) = 2360 lb 


The thrust exerted by the large gear, Fie appears on 
the pinion as a radial load. The tangenual turning 
force also appears on the pinion as a radial load, but 
it is at right angles to Fre, therefore the resultant total 
radial load, 





F, = Vv (6700)? + (2360)? = 7100 Ib 


By summation of moments, the radial load at bearing | 
is given by 


2 F, = 5(7100) 
F,. = 17,750 lb 
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Straight Spur Gears 


Bearings are subject to radial loads only. 

Basic Relationships: Tangential turning force c~ gears 
causes shaft reaction which appears on bearing as 
radial load. Also, separating force between two gears 
causes radial load on shaft. Tangential force, 


7, = — 
; 


where T torque, lb-in.; and r = pitch radius of 
gear, in. Separating force, 


F, = F, tana 


where @ tooth pressure angle, deg. Magnitude of 
resultant of the two forces is 


n=¥() + (ame) 


r 





Example: A spur gear train is constructed as shown. 
All gears have a 20-deg pressure angle. Gear A, which 
is the driving gear, exerts a torque of 100 lb-ft. Find 
the resultant total load on bearing | as a result of 
this input torque. 

The tangential turning force on gear A, 


Ts 100 (12) 


Poa 1600 lb 


Ts % 
The separating force between gear A and gear B is 
F., = Fa, tan a = 582 lb 


The tangential turning force Fas is also the force 
on gear B, and since gears B and C are connected by 


2 


Pitch Diam 


| 
| 
1 


Pitch Diom 


pide 2: 


the same shaft, the turning force on gear D is propor- 
tional to Fas. The ratio of Faa to Fap is equal to the 
ratio of re to rg, therefore 


Tp { 11 
Fap = Faa - = 1600 ( —— }) =2940 1b 
To 6 é 


The separating force between gears C and D is 
F cp = F.p tana = 1070 lb 


To find the load on the bearing, moment equations 
must be set up for both the forces in the vertical 
plane and the horizontal plane. Summation of vertical 
moments on bearing | is 


= My = 3% Fry — 1% (582) + 2(1070) 
-3% F,y = + 1412 
Fy = — 435 1b 


The vertical force on the bearing is 646 lb in an up- 
ward direction. The summation of moments in the 
horizontal plane is 


= My = 3% Few — 1% (1600) + 2(2940) 
-3% Fin = + 3880 
Fen = 1190 


The horizontal force on the bearing is 1190 lb to the 
left as seen in the left view. The resultant total 
radial force on the bearing is 





F, V (435) + (1190)? 
F, 1265 Ib 


Bearing 1 Bearing 2 








1961 Edition 














Worm Gears 


Bearings are subjected to radial loads caused by turn- 
ing force and by separating force. Bearings must also 
bear a thrust force. 

Basic Relationships: The worm is always the driving 
gear is a worm-gear set. The tangential turning force 
exerted by the worm gear is 


Faw = oo 

ry 
where ri radius of the pitch cylinder of the worm 
gear, in. Due to the helix on the worm gear, the turn- 
ing force Faw of the worm gear is transferred to a 
turning force Fae on the large gear. This force is 


F 
FP .a . a “ 
tan y 
where y = helix angle, deg. The tangential turning 
force on the worm gear, Faw, is reflected as a thrust 
force on the large gear, and the turning force on the 
large gear, Fao, appears as thrust on the worm gear. 
Besides these forces, there is a separating force between 


Fy tana 


tan y 


Example: A worm gear drive is constructed as shown. 
The worm has a 16-deg lead angle, a 20-deg tooth- 
pressure angle, and a pitch radius of 1.25 in. Torque 
on the worm gear is 100 Ib-in. Because of economy 
factors, it is desired to use a bearing with no thrust 
capability for bearings | and 2, and a separate thrust 
bearing at the location of bearing 1. It is also de- 
sired that the thrust bearing at location 1 carry 50 
per cent more thrust load than the radial load on 





= 8 























1 Zin. 


the radial bearing at location 1. What is x? 
The tangential turning force on the worm, 


Pp 2 = Ot 
ow 4.25 


The separating force on the two gears, 
80 (0.364) 
(0.286) 


The magnitude of the resultant of these two forces, 





F, = v (102)? + (80)? = 129 Ib 

The thrust force exerted by the worm gear, 
Foc = same = 280 lb 

0.286 


so the safe radial load on bearing | is 3/2(280) 
420 Ib. By summation of moments, 


3(420) = (3 + a) (129) 
1260 = 387 + 1292 
873 


2 >= —— = 6.77 in. 
129 





Helical Spur Gears 


Bearings are subject to both radial and thrust loads. 

Basic Relationships: Tangential turning force and 
separating force cause radial loads on bearings. In- 
clined teeth of helical gears also exert a thrust force. 
Tangential turning force, 


Separating force, 
P, F, tan a 
Thrust force, F; is given by 
F, = F, tan y 
where }) helix angle of the teeth, deg. 
Radial loads and thrust loads are not combined into 


a resultant, since the bearing is rated according to 
separate radial and thrust capabilities. 


Example: A larger driver gear turns at 100 rpm. Its 
helix angle is 15 deg, tooth contact-pressure angle 
is 20 deg, and pitch radius is 10 in. What is the 
thrust load on the ball bearing of the driven gear 
if its pitch radius is 5 in., and it extracts 10 hp? 

The torque on the large gear, 


P (63025) 
Ny 


6302 Ib-in. 


The tangential turning force on the gears is found by 
T 6302 
F, = —— = —— = 1260 lb 
r 5 
The thrust force exerted by the small gear, 
F, = F, tan y = 338 lb 


Since none of this thrust load will be borne by the 
roller bearing, 338 Ib of thrust acts on the bearing. 
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FUNDAMENTALS 


Lubricants 





HERE are two main reasons why lubricants are used 

in any bearing: i. To reduce friction between rubbing 
surfaces. 2. As coolants to carry off heat which may be gen- 
erated in bearings. Either or both of these functions may 
be required of a lubricant on a particular bearing. 

As friction reducers, lubricants can be considered from: two 
aspects. When a hydrodynamic bearing is started, for in- 
stance, metal-to-metal contact occurs. Here, the actual oili- 
ness of the lubricant lowers the coefficient of friction be- 
tween the two sliding surfaces. In slider bearings operating 
on full fluid-film lubrication, the lubricant separates the two 
sliding surfaces completely, and shearing of the lubricant is 
substituted for sliding friction. 


Any system of rolling elements, like a ball bearing, should 
theoretically reduce friction radically. If balls and rollers 
were perfectly smooth and inelastic, friction would be very 
low. But materials deform, and rolling elements slip under 
load. Also, uncaged balls or rollers tend to rub or slide 
against each other. When a separator or cage is present, the 
rolling elements slide against this, and the cage itself rubs 
against any guiding flange surfaces. Because of this sliding, 
lubrication is needed to minimize wear and friction. 

All lubricants can be grouped roughly into three generic 
types: Oils, greases, and solid-film lubricants. The first part 
of this chapter is devoted to the oils and greases. The sec- 
ond part discusses solid lubricants. 





Oil or grease, and what kind of oil or 
grease? For slider bearings, these ques- 
tions must usually be decided early in 
design phases, since bearing design de- 
pends on the lubricant and the type of 
lubrication selected. 

Oils are slippery, hydrocarbon liquids. 
Grease is a semisolid, combining a fluid 
lubricant with a thickening agent, usuelly 
a soap. In the past, the soaps in greases 
were considered as storehouses for the oil. 
Pressure and temperature squeezed out the 
oil to lubricate bearing surfaces. This is 
probably only partly true. 

Soap molecules are adsorbed to metal 
surfaces with their long hydrocarbon 
chains sticking out to separate the rub- 
bing metal surfaces. 

Both oil and grease are used to lubri- 
cate rolling and sliding-contact bearings. 
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In fact, either type of lubricant can be 
used in some applications. But, each type 
has peculiar assets that equip it for cer- 
tain types of applications. 


Assets of Oil 


These are some of the advantages of 

oils: 

1. Oil is easier to drain and refill. This 
is important if lubricating intervals 
are close together. It is also easier 
to control the fill volume of the oil 
in the housing or reservoir. 

. An oil lubricant for a bearing might 
also be usable at many other points 
in the machine, even eliminating the 
need for a second grease-type lubri- 
cant. 

. Oil is more effective than grease in 
carrying heat away from bearing and 


Philadelphia, Po. 


housing surfaces. In addition, oils 
are available for a greater range of 
operating speeds and temperatures 
than greases. 
. Oil readily feeds into all areas of con- 


tact, and can carry away dirt, water 
and the products of wear. 


Assets of Grease 


Here are some of the advantages of 

greases: 

1. Grease doesn’t flow as readily as oil, 
so can be more easily retained in a 
housing. Since grease is easily con- 
tained, leak-proof designs are un- 
necessary. 

. Less maintenance is required. There 
is no oil level to maintain; regreasing 
is infrequent. 
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ees 


Temperature 


Temperature 

Increasing temperature lowers of] viscosi 
ty. A high-viscosity of] can support a 
heavy load, especially at low tempera- 
tures. High-visecosity oils also have more 
internal friction. As temperature rises 
heat thins the oll, reducing its viscosity 
until the load may force the oil out of 
the bearing An ideal ofl would not 
change viscosity with heat 


Viscosity 


Viscosity 
Viscosity of an oll must be matched 
to the application. The ofl must have 
enough viscosity to handle the load, yet 
increasing the viscosity causes an in 
crease in fluid friction, which heats the 
oll and lowers the viscosity 


a 


Pressure 





Pressure 
Increasing pressure increases an oil's 
viscosity. However, this only becomes 
important when pressures are in the 
neighborhood of several thousand psi 





Viscosity 


Shaft Speed 

influences the heat 
in bearings. High speed means faster 
shearing of oil layers, and more fluid 
friction. As temperature goes up, viscosi- 
ty goes down to decrease load capacity 
However, a high speed helps to form 
a hydrodynamic wedge in bearings 


formed 


Shaft speed 











physical 
Many of 
Table 1, 


portant 


better 
This 


keep dirt and moisture out of the 


Grease has sealing abilities 


than oil asset may help to 


housing. 


Oil Selection 


The term oil covers a broad class of 


fluid lubricants, each of which has various 


properties or characteristics 


these physical characteristics, 
are important, but the most im 


is viscosity 


Operating Conditions 


Viscosity: The characteristic of viscosity 
determines the oil’s load-carrying capacity; 
the thickness of the lubricating film that 
will be maintained; the operating tem- 
perature of the bearing; and the amount 
of friction that will be generated. There- 
fore, this important characteristic is used 
almost universally to subclassify oil prod- 
ucts. 

Viscosity is sometimes expressed as the 
number of seconds required for a meas- 
ured volume of the oil to flow through a 


specified orifice at a standard temperature. 
There are several methods for making this 
measuremen}, the best-known being the 
Saybolt Universal Viscosimeter. However, 
most laboratories use the Oswald Kine- 
matic Viscosimeter, then convert results 
to Saybolt, because kinematic readings are 
more accurate. 

Kinematic viscosity is based upon ab- 
solute viscosity, which is a mathematical 
concept. The kinematic viscosity is the 
absolute viscosity divided by the specific 
gravity of the oil. Thus, 

Z 
_=— 
8 
where Z = absolute viscosity, poises or 
centipoises; » = kinematic viscosity, stokes 
or centistokes; »=specific gravity, ap- 
proximately 0.9 for oil. (1 poise = 100 
centipoises, | stoke = 100 centistokes.) 

This relationship also applies in the 
metric system. Absolute units in the met- 
ric system are converted to the English 
system by 


» (poises) = ry (reyns) X 68750 
» (centipoises) = » (reyns) X 
6.875 x 10 
» (reyns) = 1.45 X 10°5 (poises) 


To convert from Saybolt seconds to kine- 
matic viscosity in centistokes use 


18 
v (centistokes) = 0.220t — — 


where t = viscosity, Saybolt Universal 
Seconds (SUS). 

The nomograph, Fig. 1, is used to con- 
vert one type of viscosity to another if 
extreme accuracy is not required. 


Viscosity Index: Viscosity of an oil in- 
creases as temperature decreases and pres- 
sure increases. There are many applice- 


Characteristics 





Temperature 


Load 


Grease 








Below 40 F| 40-150 F | Above 150 F 





Recommended 





Max Oper- 
ating Temp. 


Dropping 
Point 











Lime base 


200 F 





Soda base 





325 F 





Lithium 


above 





base 





350 F 

















() Grease should contain oxidation inhibitor. 


2) Grease should contain EP additives if loads are abnormally high. 


(3) Higher temperatures may require nonsOap type or metal complex type grease. 


Macuine Desicn—Tue Bearincs Boox 











0.7 


Specific 
Gravity 





SP AV KV 


Known 


Oo Unknown 


Fig. 1—Converting kinematic vis- 
cosity to absolute viscosity. 
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tions where a viscosity change with tem- 
peratuve is important—jet engines for in- 
stance. Here a high-viscosity oil on a 
cold day puts an added burden on the 
starting equipment. Then, as the engine 
warms up, viscosity drops. If it drops 
too much, excessive wear, or even bearing 
seizure may result. 

Measurement of how much an oil’s 
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viscosity changes with temperature is its 
viscosity index, Fig. 2. There is very 
little difference in the viscosities of oils 
at temperatures above 100 F, while there 
is quite a substantial difference in the 
viscosities of the oils at OF. This indi- 
cates that it is desirable to use higher 
viscosity index oils if cold operating or 
cold starting conditions are required. 


Pour, Flash, and Fire Point: These 
criteria are usually specified for a lubri- 
cating oil. Pour point is the lowest tem- 
perature at which an oil will flow. The 
flash point is the temperature at which 
an oil will give off ignitable vapors, and 
the fire point is the temperature at which 
the oil will burn when ignited. 

The flash point is not necessarily a 
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Fig. 2—Comparison of viscosity for 0, 50, and 90 viscosity-index oils at 100 F, 130 F, 
and 210F. The viscosity of all oils decreases with increasing temperature, but some 
viscosities decrease faster than others, 
difference in viscosity change. 
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Viscosity index is a method of defining this 


Oils with high index change less with temperature. 
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safe upper limit for an oil. Some decom- 
position will probably occur before the 
flash point is reached. 


Synthetic Oils: In recent years, syn- 
thetic oils have been developed which are 
superior to mineral oils in some respects. 
One of the advantages of these synthetics 
is their viscosity index. Some synthetics 
operate over a very wide temperature 
range, with little change in viscosity. 
There are about six general types of syn- 
thetics: Polyalkylene glycols, silicones, 
diesters, organic chlorine compounds, 
polymer oils, and voltol oils. The poly- 
alkylene glycols and the silicones are prob- 
ably the most popular. 


Slider and Rolling-Element Bearings: 
Viscosity requirements of a lubricant for 
sliding bearings and rolling-contact bear- 
ings are entirely different. 

Fig. 2 can be used to select an oil for 
slider bearings. Two different load con- 
ditions are given, 0-100 psi, and 100-250 
psi. Fig. 3 and 4 are guides for the selec- 
tion of lubricants for rolling-contact bear- 
ings. Use Fig. 3 when the bearing bore 
is less than 3 in. and speeds are relatively 
high. Use Fig. 4 when the bearing bore 
is greater than 3 in. and speeds are rela- 
tively low. 


Grease Selection 


Essentially, greases are a mixture of a 
lubricating oil and a metallic soap or vehi- 
cle that keeps the oil in suspension. The 
most practical way to classify greases is 
by the soap used. Calcium soap, sodium 
soap and lithium soap are the most com- 


ASTM Worked 
NLGI/Number Penetration 





355-385 
310-340 
265-295 
220-250 
175-205 
130-160 

85-115 











Fig. 3—Selection of oils for plain bear- 
ings. Viscosity vs speed is plotted for 
unit loads 0 to 250 psi, on an oil 
temperature of 60 to 140 F. To select an 
oil for continuous-use method of applica- 
tion (circulating system) use the solid 
line. If the bearing is lubricated by once- 
through oil (an oil cup, for instance) any 
number in the shaded area should be satis- 
factory. 
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mon. The recommendations given in 
Table 2 cover most grease applications. 


Grease Consistency: Consistency of 
grease is important because it is a measure 
of how easily grease may be squeezed 
out from between the parts being lubri- 
cated. It is measured by dropping a 
standard metal cone-point downward into 
& grease sample. Then, the amount of 
cone penetration is measured to the closest 
tenth of a millimeter. The National Lub- 
ricating Grease Institute (NLGI) has set up 
a scale which ranks greases in order of 
increasing hardness, Table 3. 

The consistency range given in Table 3 
does not include all greases. Harder and 


Viscosity (SUS at 100 F) 


softer products are well known, but do 
not have an NLGI number. 

Samples to be tested for penetration are 
first prepared by working, or kneading. 
This is necessary because consistency can 
be radically changed by working. Since 
grease in service is worked by the motion 
of the parts it lubricates, the worked pene- 
tration number is a much better measure 
of the consistency of grease in use. 


Calcium Soap Base: Calcium-base 
greases, also called lime base, are used 
to lubricate bearings operating at tem- 
peratures up to about 175F. Above this 
temperature the grease tends to separate 
and does not re-form when cooled. 
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In the recommended temperature range, 
lime-base greases will perform satisfac- 
torily if operation is more or less con- 
tinuous. But, when the bearing stands 
still for long periods, these greases should 
not be used. They are not effective seals 
against the entry of dirt and dust, as 
sodium-base greases are. Also, they are 
water resistant. Therefore, any free 
water or moisture that collects in the 
housing, especially during long periods of 
stoppage, helps the formation of rust. 


Sodium Soap Base: Sodium-base greases, 
also called soda base, can be used at tem- 
peratures as high as 250F. They have a 
relatively stiff and fibrous consistency, 





Fig. 4 — Selection of 
oil viscosity for anti- 
friction bearings. Use 
this curve when bear- 





ing bore is less than 
3 in. and speed is rela- 
tively high. 
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Fig. 5 — Selection of 
oil viscosity for anti- 
friction bearings. Use 
this curve when bear- 
ing bore is more than 
3 in. and speeds are 


relatively low. 
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thus providing superior sealing qualities 
At the upper limits of their operating 
temperature range, sealing abilities are re- 
duced, but not the lubricating abilities of 
the grease. These greases do not separate 
at the upper limits of their operating 
temperature range. 
Soda-base greases 
water without decreasing their lubricat- 
ing value. Actually, the water absorption 
produces a rust-preventing emulsion that 


can absorb some 


makes a soda-base grease superior for a 
bearing in a damp location. However, 
there is the danger that so much water 
will be absorbed that this rust-preventing 


emulsion will wash out of the bearing. 


Soap Base: Lithium-base 
multipurpose 
greases because of their reasonable re- 


Lithium 
greases are often called 
sistance to water, favorable high-and-low 
temperature characteristics, and good 
mechanical and oxidation stability. 

These greases lubricate well over a 
broad range of conditions, but because of 
somewhat higher cost they might not be 
practical for certain inherently wasteful 


applications 


Other Soap Types: Various other metal 
lic soaps are sometimes used as carrying 
media for oil in petroleum greases 
Greases such as barium base, strontium 
base, and aluminum base are sometimes 
used. 

Barium greases generally have high re 
sistance to water washing action, and a 
high dropping point. They have fairly 


wide usage in the automotive field. Stron- 


tium-base greases perform well at high 
temperatures, thus making them preferable 


hot-spot lubricants around process heaters, 
kilns, and furnaces. The aluminum-base 
greases, while enjoying much wider use 


than they did several years ago, have an 


upper temperature recommendation of 
about 135 F, and only fair mechanical sta- 
bility. These characteristics limit their 
wide application. 


Nonsoap Types: The nonsoap greases 
have various inorganic thickeners, such as 
silica gel and bentone, to suspend their oil 
constituent. Thickeners provide these 
greases with nonmelting characteristics 
and resistance to water washing. 


Ball and Roiler-Bearing Greases: Actu- 
ally, there is no such lubricant as a ball 
and roller-bearing grease. This implies 
a versatility that greases do not possess. 
Generally, ball bearings are used for high- 
speed, low-load operation. The best grease 
for these conditions is one of a stiff con- 
sistency using a light viscosity oil. Soft 
consistency greases would tend to create 
heat due to fluid friction. Roller bearings 
are generally used for low-speed, heavier- 
load operation. Here, a grease should be 
of a softer consistency (NLGI 0, | or 2) 
and contain a heavier oil. 


Additives 


Various materials can be added to oils 
and greases to enhance their bearing lubri- 
cating abilities. Such additives are usual- 
ly chemical compounds that fortify one or 
several of the lubricant’s properties. Here’s 
a few of the common petroleum lubricant 
additives. 


Oxidation Inhibitors: These are usual- 
ly phosphorous, sulphur, nitrogen, or or- 
ganic compounds that impede the forma- 
tion of gums and acids by slowing down 
the process of chemical oxidation. 


Defoamers: A very small percentage 
of a silicone product can be added to 
minimize the generation of foam in lubri- 


cants for high-speed bearings such as those 
used in the aviation field. 

Detergents: When detergency is re- 
quired, products similar to the common 
household article can be added, in con- 
centrations up to 10 per cent, to keep the 
insoluble materials in suspension in the 
oil. This prevents their build-up on in- 
ternal surfaces. Detergents are most com- 
mon, as additives, in oils for internal 
combustion engines. 


Rust Inhibitors: These are usually sur- 
face-active agents that plate themselves 
out on ferrous surfaces to protect against 
the formation of rust. 


Pour Point Depressants: These com- 
pounds react with the wax content of a 
paraffinic oil to inhibit the tendency of 
wax crystals to gel when the oil’s tem- 
perature drops below its pour point. The 
gelling of wax crystals that form in the 
cooled oil can seriously affect the oil’s 
lubricating ability by limiting its ability 
to flow into bearing areas. 


EP Additives: The operating require- 
ments of modern technology have made 
the EP (extreme pressure) additives the 
most important for many bearing lubri- 
cants. These additives are usually com- 
pounds of phosphorus, lead, sulphur, or 
chlorine that react with bearing surfaces. 
The low shear-strength films thus created 
prevent contact between the bearing sur- 
faces. 

EP additives become necessary when 
operating loads, speeds, and temperatures 
create temperatures of about 300 F on the 
bearing surfaces. In the 250-300 F area, 
the fatty acids that normally provide the 
oiliness required by a lubricant begin to 
decompose. EP compounds are added to 
offset the loss in oiliness. 
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NY solid nonmetallic material which 

has a friction coefficient against 
metals of less than about 04 can be 
considered a solid lubricant. Not all 
solid lubricant materials are of the 
lamellar construction or low shear strength 
frequently associated with them. Some 
materials used for bearing surfaces, such 
as sapphire and diamond, have good “lu- 
bricating” qualities in spite of their hard- 


ness. 


Solid Lubricant Properties 


At present, the most important solid 
lubricant materials are graphite, molyb- 
denum disulfide, and various plastics, in- 
cluding the tetrafluoroethylene (TFE) 
resins. There are also other less familiar 
solids which are currently under investiga- 
tion by various laboratories. 

Graphite: One of a group of lameliar 
solids, graphite was the first solid lu- 
bricant to be extensively used in any in- 
dustrial application. Graphite is pure car- 
bon obtained from either natural or 
synthetic sources. There is no appreciable 
difference in the frictional properties of 
these two types if they are of equal purity. 

Graphite has a crystalline structure con- 
taining layers of carbon atoms arranged 
in well-defined patterns. The cohesive 
forces between the layers of carbon atoms 
are much weaker than the forces between 
the atoms in each layer. Since the forces 
required to cause slippage between the 
layers are much lower than those re- 
quired to shear bearing metals, a much 
lower coefficient of friction results. 

In addition to its excellent low-friction 
characteristics and inertness to chemical 
reaction, graphite is also very effective at 
high temperatures. It maintains lu- 
bricating properties and 
rapid oxidation at temperatures of over 
1000 F. Although the friction level of 
graphite will increase slightly as the tem- 
perature rises, it is excellent in high-tem- 


resistance to 


perature areas where low friction and 


chemical inertness are desired. Also, the 
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electrical resistivity and heat conductivity 
of graphite can be important in lubricat- 
ing applications. 


Molybdenum Disulfide: The second 
common solid lubricant is molybdenum 
disulfide. This is a lamellar solid chem- 
ical compound consisting of alternate 
layers of molybdenum and sulfur atoms. 
As with graphite, low friction is the re- 
sult of weak bonds existing between the 
individual crystalline layers of the solid. 
In the case of molybdenum disulfic . .lip- 
page occurs between the easily sheared 
layers of MoS, molecules involved in the 
crystalline structure. 

Molybdenum disulfide has about the 
same low-friction characteristics as graph- 
ite. In addition, it has a higher re- 
sistance to load and thus, exhibits its 
relatively low coefficient of friction over 
a much higher range of load values, mak- 
ing it desirable for extreme-pressure ap- 
plications. However, molybdenum di- 
sulfide does not have the chemical re- 
sistance of graphite, since it is a chemical 
compound. When it does decompose, it 
forms various oxides which tend to be 
abrasive or corrosive rather than lubrica- 
tive. Also, the coefficient of friction of 
molybdenum disulfide—although low at 
room temperatures—rises quite severely at 
temperatures above 700 F. Thus, molyb- 
denum disulfide is primarily used where 
extremely low-friction properties are de- 
sired in conjunction with high loads. 


Material 


Pure TFE 


Pure nylon 





TFE plus 30 per cent molybdenum disulfide 2960 


Molybdenum disulfide should be restricted 
to temperatures such that decomposition 
will not form abrasive or corrosive prod- 
ucts. 


Plastics: The third significant group of 
solid lubricants is made up of certain 
plastics. This group contains, among 
others, polytetrafluoroethylene (PTFE) 
and nylon. PTFE is a plastic with a 
coefficient of friction of about 0.04. Care 
must be taken to avoid confusing PTFE 
with the less-lubricating fluorinated 
ethylene propylene (FEP) plastic. PTFE 
has been used in many places where 
a solid lubricant is needed, and load 
characteristics are not too high. It is 
relatively difficult to wet and has very 
poor sticking qualities so that it can be 
used where these properties, plus lubrica- 
tion, are of advantage. 

PTFE, in addition to having a very 
low coefficient of friction, has excellent 
chemical and thermal resistance up to 
about 600 F. However, PTFE is rela- 
tively soft and performs best when used 
in a thin film. 


Nylon: The other important solid 
lubricant is Nylon. Nylon is usually used 
as a bulk solid for the formation of bear- 
ings. It does not have as low a coef- 
ficient of friction as PTFE, but is harder 
and, therefore, can be used without fluid 
lubrication where loads are relatively 
high and speed is low. The relative 
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Large contact area and low 
strength of soft material results 
relatively high friction force 
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Low contact area and high shear 
strength of hard material again results 
in a relatively high friction force. 


i—Simplified representation of thin-film theory. 


lubricant 





A thin, soft film between two hard ma- 
terials limits contact area and high 
stress concentration—thus resulting in a 
minimum friction force. 








compressive strengths of nylon and PTFE 
are compared in Table |. Nylon is not 
as chemically or temperature resistant as 
PTFE, and its uses are limited in these 
respects. However, the low price of nylon 
as compared PTFE 
more advantageous for use in ordinary 


to makes it much 


applications 


Other Solid Lubricants: There are 
numerous, less familiar, solid lubricants. 
As previously mentioned, sapphire and dia 
mond can be considered to be solid lu- 
coef - 
There 
the 


Unfortu- 


bricants, since they exhibit low 


ficients of friction against steel. 


are also many salts which exhibit 
properties of solid 
nately, many of them suffer from chemical 
and thermal other de- 
ficiencies which have limited their usage. 

Lead oxide has been successfully used 
for high-temperature lubrication. 

Boron nitride also shows good high- 
How- 


show 


lubricants. 


sensitivity, or 


temperature lubricating properties. 
of 


undesirable higher frictions as the tem 


ever, both these compounds 


perature drops. Thus, their use must be 
considered carefully for the intended ap- 
plication. 

Phthalocyanine pigments, previously 
used only for coloration, can also serve 
as high-temperature lubricants. 

Undoubtedly research now in progress 
will lead to the increasing use of special 
dry-film lubricants for high-temperature 


applications. 


Use of Solid Lubricants in 
Bearings 


The most prominent use of solid lu- 
bricants is in the form of a bulk solid— 
actually part of the bearing itself. Ap- 
plications such as sapphire and diamond 
bearings in watches, nylon bearings in 
light-loaded machinery, graphite bearings 
for nuclear uses, and PTFE bearings in 
specialized applications, are typical ex- 
amples of the way solid lubricants can 
be used as bulk solids. Solid lubricants 
used for actual bearing parts are covered 
in another chapter. 


al guettiad 





Coefficient of Friction, 








400 


600 800 


Thickness of Film (microinches) 


| 


| 


4 


Thin Films: The second prominent use 
of solid lubricants is in the form of thin 
films. ‘This has been the natural out- 
growth of the use of bearing metals as 
thin coats on harder substrates. 

The reason why it is desirable to have 
a thin film of a bearing material over 
a hard metal is illustrated in Fig. 1. 
In the first case, a hard rubbing metal 
and a soft bearing metal will create 
a frictional force equal to the product 
of area A times shear strength S. In this 
case, S is low because of the soft metal 
but, the surface contact area A is rela- 
tively large, leading to a high value of F. 
If the problem of soft-metal deflection 
is eliminated by taking a hard metal 
over another hard metal as in the middle 
drawing, A is small but S is high, be- 
cause the shear force required to move 
the contacting asperities of the hard metals 
is very high. However, if one hard metal 
is contacted with a hard metal which is 
coated with a very thin film of a soft 
metal, then both A and S will be small 
and the frictional force will be at a 
minimum. 

This same principle applies to solid 
lubricants which can be deposited as a 
thin film. Thus graphite, PTFE, or 
molybdenum disulfide, which all have 
very low-friction characteristics against 
metals, can be used as thin films to 
achieve the desirable properties of the 
thin-film principle. Thin films of solid 
lubricants are usually bonded to the sub- 
strate by resin-type adhesives. A typical 
plot of the variance in the coefficient of 
friction as a function of film thickness is 
shown for PTFE resin in Fig. 2. 

Use of solid lubricants as bulk solids 


Fig. 2—Coefficient of friction of PTFE 


as a function of film thickness. 
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Metal Substrate 


Pretreatment 





Stainless steel 
Aluminum 
Copper alloys 
Magnesium 
Titanium 





Degrease, 
Degrease, 
Degrease, 
Degrease, 
Degrease, 
Degrease, 


roughen, phosphate coat 
roughen 

conversion coat 

roughen 

dichromate coat 

roughen, fluorophosphate coat 








Liquid 


Settling Rate 
(in. per hr) 





Methanol 
Water 
Isopropanol 
Light oil .. 


Heavy oil .. 





3.3 
1.7 
0.9 
0.02 
0.002 








is naturally dependent on the properties 
of the solids themselves. Since the thick- 
ness of the lubricant solids is great, prop- 
erties of the substrate do not affect bulk- 
lubricant values. However, in the case 


Settling Rate(in. per hour) 
& 3 


° 
) 





of thin films, the relative thinness of 
the lubricant makes its use dependent 
upon many other factors. 
principle depends a great deal on the 
properties of the substrate. 


Graphite 
in oil 


The thin-film 


If the sub- 
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3—LUBRICANTS 


strate is very hard, it serves to back up the 
thin film and allows motion with much 
lower forces. Similarly, the smothness of 
the substrate to which a thin film is ap- 
plied is important. If the surface is too 
smooth, adhesion will be poor. If it is 
too rough, friction will be high. Wear life 
of thin-film solid lubricants as a function 
of surface roughness is given in Table 2. 

For maximum wear life of thin-film 
solid lubricants, the surface should be pre- 
treated either by phosphatizing, sandblast- 
ing, or etching. These treatments intro- 
duce a controlled surface roughness which 
leads to good adhesion of the thin film 
to the substrate. Methods of pretreating 
depend on the particular substrate mate- 
rial. For example, stainless steel should 
normally be vapor blasted for adherence 
of the thin-film lubricants. Iron surfaces 
are best phosphated. They may also be 
sandblasted prior to phosphating. Certain 
pretreatments, especially the chemical 
ones, are sensitive to high temperatures 
and, therefore, the desired pretreatment 
must always be balanced against the end- 
use conditions. Suggested pretreatment op- 
erations are summarized in Table 3. 

Solid lubricants in thin films are some- 
times sensitive to the atmosphere in which 
they are exposed. Thus, graphite may 
not work well as a lubricant under high- 
vacuum, high-temperature conditions, be- 
cause graphite may need an amount of ab- 
sorbed gas to bring about its lubricating 
properties. This is not normally true of 
molybdenum disulfide, PTFE, or nylon. 
Frequently, high humidity can lead to cor- 
rosion problems, and many of the current 
thin-film developments are centered on 
the improvement of corrosion resistance 
along with the development of the proper 
wear properties. 

The effects of speed and 
also important conditions to consider when 
using thin-film lubricants. There is a 
definite relationship between the wear 
life, and the load and speed being used. 
Unfortunately, no generalizations on this 
relationship can be made because each 
thin-film lubricant is composed of dif- 
ferent resins and different solid lubricants. 
Thus, the properties of each thin-film 


load are 


Fig. 3—Settling rate of various size 
particles. 
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solid lubricant depend mainly on the 
conditions of use and the make-up of the 


film 


Liquid & Grease Dispersions: Another 
nethod of applying solid lubricants to 
bearings is in the form of greases and 
liquids containing small particles of solid 
When solid 


utilized in these dispersions, the first and 


lubricant lubricants are 
most important consideration is the na- 
ture of the dispersing medium, such as 
yil, solvent, water, grease, silicone fluid, 
Each of 


own applications and ad 


or other special chemical types. 
hese has its 
vantages 
Concentration An important considera 
tion is the quantity of the solid lu 
bricant dispersed in the systen Because 
vf the cost of solid lubricants, only the 
ymount necessary to give correct lubrica- 
on is used However, if iS necessary to 
have enough so that there will always 
pe solid lubricant 
of lubrication in boundary conditions. 
Particle Siz 


sideration for solid lubricants in dispersed 


available to do the job 
Another important con 


form is the particle size. For solvents of 


w scosity, the particle size should be 


Fig. 4—Relative covering 
power of molybdenum 
disulfide particles dis- 
persed in oil. 


very fine to inhibit settling. Table 4 
lists the relative settling rates for 5-micron 
graphite particles dispersed in various 
liquids. Where the dispersed solid must 
act as an added lubricant in boundary 
conditions, the particle size should be 
fine enough to be readily moved into 
the areas of contact. The settling rates 
in oil for various sizes of molybdenum 
disulfide and graphite particles is shown 
The relative covering power 
of five-micron molybdenum disulfide 
dispersed in oil is shown 


in Fig. 3. 


particles 
in Fig. 4. 

Temperature: This is an important 
consideration in the use of dispersions of 
solid lubricants. The dispersing medium 
must be chosen so as to work satisfactorily 
in the temperature range employed. The 
stability of dispersions is also affected by 
high temperatures and, thus, the ambient 
temperature must be kept within a reason- 
able level. 

Operating Considerations: The dispersion 
medium itself must be such that it is 
suitable to the load and speed conditions 
involved. Here again, there is no set 
rule as to which type of lubricant is best 
for a given load and speed. Each case 


must be considered independently and the 
dispersing medium, dispersed solid, and 
properties, such as viscosity and solids 
content, must be chosen accordingly. 


Applications of Solid 
Lubricants 


The use of thin-film solid lubricants is 
relatively new. Thin films have been 
primarily limited to plain bearings, where 
load conditions and desired wear life are 
such that the films will be acceptable. 
Molybdenum-disulfide based lubricants 
have been used in missile and aircraft 
applications where high-temperature re- 
quirements prevent the use of ordinary 
lubricants.* Thin-film lubricants contain- 
ing PTFE have been used under light- 
load conditions, such as on business-ma- 
chine parts, and where lubrication with 
black graphite or molybdenum disulfide 
is objectionable. Dry films of all kinds 
are finding extensive use in the atomic 
energy field, where their proved inertness 
to radiation is an asset. An advantage of a 
solid lubricant is that it will not squeeze 
out from between two surfaces under 
boundary-lubrication conditions. Thus, 
solid particles in dispersion serve to keep 
surfaces free from abrasion and wear. Also, 
solid lubricants maintain their excellent 
lubricating properties over long periods of 
down-time—an advantage in _ military 
weapons of all kinds. Solid lubricants 
have been produced which are relatively 
insensitive to high temperatures and low 
atmospheric pressures, making them valu- 
able in environments where fluid lu- 
bricants break down and fail to provide 
lubrication. 

There are certain disadvantages of solid 
lubricants. They do not dissipate heat as 
well as do metals in conjunction with 
fluid lubricants. In general, thin-film 
solid lubricants are not as long lived as 
compared to a fluid lubrication system, 
wherein the fluid can periodically be 
changed and renewed. Although solid 
lubricants have low friction coefficients, 
they do not equal those for normal lu 
brication fluids. Therefore, the ad 
vantages and disadvantages of solid lu 
bricants should be considered carefully for 
any particular application. 


*See Military Specifications: MIL-L-25504A 
and MIL-L-22273 (WEP) 
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ROLLING ELEMENT BEARINGS 


election of Bearing Type 








ACH type of bearing has certain per- 
formance or economic features which 
determine its suitability for specific ap- 
plications. Each type has its place, al- 
though sometimes the fields of applica- 
tion overlap. 
For small, high-speed applications, ball 
For large 
roller 


bearings are generally the best. 
and heavily-loaded applications, 
bearings are preferred. If misalignment is 
likely to occur, a self-aligning bearing is 
desirable. Deep-groove ball bearings are 
often used where thrust loads are apt to 
occur in conjunction with high speeds. 
Tapered roller bearings have their high 
capacity for combined loads. 

Because of the many types of bearings 
that are available, type selection is not 
simple. Rarely do the features of a single 
bearing type fit exactly the specific re- 
quirements of an application. Conse- 
quently, selection of bearing type is usual- 
ly a weighted compromise based on the 
features considered most pertinent. Table 
i correlates performance features of most 
bearing types with the major design 
parameters. 

The principal parameters to be con- 
sidered when selecting bearings are: 


Radial load 
Thrust load 
. Rotational speed 
Environmental conditions 
5. Mechanical requirements 


6. Cost 


Even the probable skill and conscien- 
tiousness of the men who service the 
bearings should be considered. For in- 
stance, ball bearings are usually more 
tolerant than roller bearings in regard to 
lubrication and attention. Therefore, all 
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other things being equal, machines which 
are to operate under conditions where 
relubrication and inspection is infrequent 
should preferably be equipped with ball 
bearings. 


Loads 


Because of the very wide range of types 
and sizes of bearings available, the capa- 
bilities of each type with respect to load 
and speed may only be expressed in rela- 
tive terms. Low, moderate, and high are 
used to refer to both loads and speeds. In 
the design of dental handpieces, 200,000 
rpm may be considered to be a moderate 
speed, whereas in farm machinery, 500 
rpm may be considered a moderate speed. 
As a general rule of thumb, a moderate 
load is approximately 500 psi on the shaft 
cross section. Moderate speed is approxi- 
mately 500 fpm at the periphery of the 
shaft. 

Different bearing types not only have 
different load capabilities, but the ratio of 
radial to thrust capacity varies widely. 
Consequently, the bearing type is often 
selected according to the direction of the 
external load. 

For pure radial loads, almost any type 
of radial bearing can be used, and final 
selection is based on other factors. When 
a thrust load is also applied to the bear- 
ing, it must be determined if the partic- 
ular type of bearing can carry both the 
thrust and radial load, or whether a 
separate bearing is needed to carry each 
component of the load. 

If the thrust load is very high com- 
pared to the radial load, it may be 
economical to carry this load on a sepa- 
rate thrust bearing. However, this is not 
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always technically possible. If, together 
with a high thrust load, the speed is very 
high, it is sometimes not possible to use 
thrust bearings, and the total load must 
be carried by radial bearings with a high 
thrust capacity. If the application re- 
quires a minimum axial deflection, for 
sealing or other purposes, it may be neces- 
sary to use a separate thrust bearing even 
if the thrust load is moderate. 

When a single ball bearing must support 
an overturning moment in addition to 
radial and thrust loads, one common solu- 
tion is a double-row angular contact bear- 
ing with outwardly converging load lines. 

Because roller bearings are superior to 
ball bearings in the ratio of static to dy- 
namic load capacity, they are favored for 
carrying shock loads, or loads which vary 
so that heavy loads of short duration 
occur. 


Speeds 


Usually, the limit of permissible bear- 
ing speed is determined by the tempera- 
ture increase that develops in the bearing, 
unless speeds are very high. 

At very high speeds, two factors act to 
limit the speed of bearings. The first is 
the limit at which lubrication can be 
maintained. The second is the limit set 
by the dynamic forces generated during 
rotation of the bearing parts. The weak- 
est point in a bearing at low speed, from 
the standpoint of fatigue, is the inner 
race. The unit stress is higher on the 
inner race than on the outer race because 
of the curvatures. The centrifugal effect 
at high speed transfers the point of fail- 
ure to the outer race. Light-series bear- 
ings are favored for very high speeds. 
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4—SELECTION OF BEARING TYPE 
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DESIGN DATA 
Width series ——3 _ 0 






























































Fig. 1—Basic plan for boundary dimensions. 


All metric radial bear- 


ings except tapered roller bearings fit within these outlines. 


Environment 


Bearing operating temperature, and the 
degree of possible contamination by dirt 
and grit, are probably the two most im- 
portant environmental considerations. 

Temperature: Because of the small 
areas of contact between rolling elements 
and raceways, and because of the high 
unit stresses associated with these small 
areas, only hardened surfaces can support 
the applied loads to which antifriction 
bearings are subjected. 

Most ball and cylindrical roller bearings 
are made of through-hardening 52100 
steel, which is heat-treated and stabilized 
at a relatively low temperature. These 
bearings should not be used where the 
If absolute- 
ly necessary, bearings made of 52100 steel 
can be used at temperatures up to 350 F, 
but only if special arrangements are made 


temperatures go above 250 F. 


with the bearing manufacturer, so that 
the bearings are heat-treated, and then 
stabilized at a slightly higher temperature. 

Some small lots of bearings have been 
made of M-1 and M-10 tool steels for tem- 
peratures above 350 F. These steels retain 
their hardness at temperatures up to 
1000 F, but 750 F seems to be the upper 
limit for bearings made of these steels, 
provided that lubrication can be main- 
tained. 

Most tapered roller bearings and many 
types of heavy-duty needle and journal 
roller bearings are made of carburizing- 
alloy steels such as 4620, which has a 
safe upper limit of 250F. Miniature and 
instrument bearings are usually made of 
440C stainless steel, which can be used 
at temperatures up to 1000 F under certain 
conditions. Where nonmagnetic properties 
are required, these small bearings may be 
made of precipitation-hardening beryllium 
copper. 

Cages for antifriction bearings may be 
made of stamped steel or brass, cast bronze, 
aluminum alloys, or phenolic materials 


A 


Strip-steel and brass separators are good 
up to 400F. Phenolics should not be 
used above 250 F. 

Contamination: All antifriction bearings 
are susceptible to the troubles caused by 
dirt and grit contamination, some more 
than others. Because of the high local 
stress concentration in the bearing races, 
the presence of a hard particle between 
the rolling element and the race will cause 
a pit, or scratch, in the race. This imper- 
fection aggravates the stress-concentration 
condition, and could cause an early bear- 
ing failure. 

There are three ways to eliminate dirt 
and grit from a bearing: 1. Remove the 
source of contaminants. 2. Shield the 
bearing with a shield or seal. 3. Provide 
a generous supply of fast-moving lubricant 
to flush away the contaminants. 

Depending on the nature of the appli- 
cation, the first method is probably the 
best, although sealed or shielded, grease- 
lubricated bearings do perform quite well 
in many applications. 

If the third method is used, roller bear- 
ings are probably best. A lubricant will 
not wash through a ball bearing, in gen- 
eral, as well as it will through a roller 
bearing. In fact, where ball bearings are 
used in conditions with high radial and 
thrust loads and high temperatures, such 
as jet-engine thrust bearings, the lubricant 
must be supplied by oil jets from both 
sides of the bearing at once. Roller bear- 
ings used in jet engines only need to be 
lubricated from one side. 


Mechanical Requirements 


The mechanical conditions imposed 
upon a bearing by the machine of which 
it is to be a part are of paramount and 
primary importance in the selection of 
bearing type. 

If a rotating shaft is supported by two 
antifriction bearings, and the shaft is sub- 
jected to a differential temperature ex- 


pansion with respect to the housing, only 
one of the bearings can be of a type which 
will support thrust loads. The other bear- 
ing can be a cylindrical roller bearing, 
with rings which can be freely displaced 
axially in relation to each other; or, it 
can be any bearing mounted so that the 
outer ring is free to slide in the housing. 
In certain cases, where the bearing spacing 
and temperature differentials are particu- 
larly great, the axial displacement can be 
so large that it is necessary to resort to 
special designs in which one entire hous- 
ing is free to move axially. 

Machines which must frequently be dis- 
assembled require bearings which facilitate 
disassembly and reassembly. Open bear- 
ing types, such as cylindrical roller bear- 
ings, tapered roller bearings, separable ball 
bearings, and so forth are desirable for 
this purpose, particularly if the bearings 
are mounted with tight fits. Tapered 
adapter sleeves and removable sleeves also 
help to solve this problem. 

Bearings which are not accessible after 
their assembly with other machine parts 
should not, as a rule, be of the self-align- 
ing type because the outer ring, if it can- 
not be reached, is easily cocked. This 
can hinder assembly. 


Standardization 


Bearing manufacturers and consumers 
both want the quality of bearings to be 
high and the cost to be low. These con- 
tradicting desirable characteristics can 
both be accomplished only if the bearings 
are manufactured in large quantities. 
This is only possible when standardiza- 
tion narrows the field down to a limited 
number of types and sizes. 

The Antifriction Bearing Manufacturers 
Association (AFBMA), has published a 
set of standards for rolling-element bear- 
ings. One of the things defined by the 
AFBMA standards are the bearing bound- 
ary dimension plans. 

Boundary Dimension Plans: The pro- 
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*All dimensions are in millimeters. 
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These tolerances cover all annular bali and roller bearings, 
with both metric and inch dimensions, except Type BM 
magneto bearings, tapered roller bearings, and roller bearings 
Type SA, SII, SB, SIB, SIY, SIV, SIM, SIN, SIC, and SIT. 
All tolerances given here are expressed in 0.0001 in. 
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Outer Ring Tolerances 


are measured tefore the insertion of any 
shields or seals. 

Radial runout of a bearing OD ts measured 
in a manner similar to bore radial runout. 
The bearing is mounted on an arbor with 
a slight taper, and an indicator applied to 
the center of the outer ring. In this case, 
however, the arbor is held stationary while 
the outer ring is turned one revolution. 
Radial runout is the difference between the 
maximum and minimum readings. 





mum and maximum reading. This measure- 
ment only applied to bearings in the Width 
Series 1, or narrower. 

Groove parallelism to side is a measure- 
ment of the parallelism of the raceway 
with the side of either the inner or outer 
ring. This measurement only applies to 
groove-type bearings. It is measured by 
mounting the bearings on a tapered arbor. 
Then, the arbor is supported in a vertical 
position while a true-running weight, heavy 
enough to seat the balls, is placed over the 
outer ring. A dial indicator is held on the 


\ side of the inner ring. The ring is turned one 
revolution, and the groove parallelism is 
the difference between the maximum and 
minimum readings. 


To measure outside diameter of a bearing, 
an apparatus is used which measures be- 
tween a flat surface and a rounded point, 
eaiibrated indicator If out of roundness 
and taper exist on a particular bearing, «a 
minimum reading, D,,,, and a maximum 
reading, D,,,,, is obtained. The outside diam- 
eter, D,,, is defined as the arithmetical 
average of D,,, and D,,., 

The tolerances given here for D,,,, and 
Doug SPDly only to bearings in Diameter 
Series 0, 2, 3 and 4. For bearings in Di- 
ameter Series 0 these values are only 
good for OD's up to 80 mm. For bearings 
in Diameter Series 2, these values are only 
good up to OD’s of 315 mm. Also, all OD's 











Parallelism of sides ‘« a measure of the 
difference between the largest and smallest 
width. It is measured in the same way as 
ring width 

OD square with side runout is measured by 
placing the outer ring on a fiat plate, and 
holding it against a stop. An indicator is 
applied to the OD close to the upper corner, 
while the ring is turned one revolution. The 
deviation from outside diameter squareness 
with side is the difference between the mini- 
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apparatus 
measurement. 
exist 


bearing measured parallel with the 


Single Row, ABEC! and 3, 


Bore diameter of a bearing is measured by 
arranged to give a_ two-point 
If out-of-roundness and taper 
in a particular bearing a minimum 


and a maximum 
may be obtained. 
» ‘8 defined as the 
arithmetical average of d,,,, and d,,.,. 

In the tables given here, the tolerances 
for the d,,,, and d,,,, dimensions apply only 
to bearings in Diameter Series 0, 2, 3 and 
4. For bearings in Diameter Series 0, these 
values are good only up to 40 mm. For bear- 
ings ‘n Diameter Series 2, these values are 
good only up to bores of 180 mm. 

Radial runout is measured by placing the 
bearing on an arbor with a very slight 
taper. An indicator is applied to the center 


diameter reading, d,,,,, 
diaineter reading, d,,,,, 
The bore diameter, d 


of the outer ring while the arbor is turned 
one revolution. Radial runout is the differ- 
ence between the maximum and minimum 
readings. 

2 





of the 
bearing 


Bearing width is the thickness 


RBEC! 


Double Row, ABEC! and 3, 
RBEC! 


Width Tolerances 


axis. These tolerances for bearing width only 
apply to individual rings, and not to the 
total width of the bearing. To measure these 
widths, the ring to be measured is supported 
by three buttons on a parallel plate. leaving 
the other ring unsupported. Then a dial 
indicator is applied to the other side of the 
supported ring, while it is rotated. 

Width tolerances for ABEC 1, RBEC 1, 
and ABEC 3 bearings are the same; and 


RBECS 


Single Row, ABEC5 and 7, 


the width tolerances for ABEC 5, RBEC 5, 
and ABEC 7 bearings are the same; but 
separate tolerances are given for duplex 
bearings. With bearings having more than 
two rows, use a width tolerance proportional 
to that given for duplex bearings. 

Although the dimensions of the inner ring 
width and the outer ring width on some 
bearings may be different, the tolerance on 
both is the same. 


Double Row, ABECS5 and 7, 
RBEC 5 
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Standard heavy-duty needle bearings 
conform to one basic dimensional series 
of bore and OD, with usually two widths 
available for any bore and OD size. This 
single series applies to all needle-bearing 


19, 10, 02, 03, and 04; double-row ball 
Only the bearings come in series 30, 32, 92, 33, 93, 
most popular bearing series are given in and 24; cylindrical roller bearings in 
For a complete tabulation, series 02, 19, 10, 30, 32, 92, 03, 33, 93, 


portions of bearing bore, OD, and width 
are covered by the standard. 


this chapter 


refer to the AFBMA standard. 

there are several 
dimensions, called the 
Within each diameter 
bearings of different 


For a given bore size, 
different OD 
“diameter series.” 
series there are 
widths. 

Each standard 
to a given “dimension series,” which 
is designated by a two digit number. The 
first digit in the number indicates the 


bearing thus belongs 


width series, and the second digit indi 
cates the diameter series. 

Single-row radial and angular-contact 
ball bearings are available in series 18, 


and 04; and spherical roller bearings in 
series 30, 31, 22, 32, 03, and 23. 

The proportions of the envelope di- 
mensions are shown in Fig. | for the 
most popular series of ball, cylindrical 
roller, and spherical roller bearings. All 
dimensions given in Table 2 are in milli- 
meters. This is standard practice for most 
ball and roller bearings, but there some 
inch-dimensioned series of ball bearings; 
such as airframe bearings. Needle bear- 
ings and tapered-roller bearings used in 
this country are always dimensioned in 
inches. 


cage variations and roller configurations. 
Envelope dimensions for this bearing type 
are given in Table 3. 

Tapered roller bearings are available in 
many standard inch sizes, proportions, and 
types, but individual sizes were designed 
to meet specific industrial needs, rather 
than to conform to a premeditated series. 
Consequently, they do not adapt them- 
selves to a tabular presentation. 


Tolerances: The AFBMA has also set 
up standards which cover the tolerances 
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4—SELECTION OF BEARING TYPE 


for the major bearing types. 

Within some classifications of bearings, 
multiple grades of precision must be fur- 
nished to meet all requirements. For ra- 
dial and angular-contact ball bearings, five 
separate tolerance standards have been 
pr, 5 : established. Ball bearings made to the 

Up to 2% in. ' ' first grade of precision are known as 

standard-quality bearings, and they are 

identified as ABEC 1 bearings. For more 

exacting applications, higher quality ball 

bearings are required, so grades ABEC 3, 

ABEC 5, ABEC 7, and ABEC 9 have 
been established. 

Ball bearings are made to progressively 
higher standards of internal perfection 
as the ABEC grade is increased, as shown 
in tolerance standards. The race finish 
will be improved, and the variation in 
ball size within a given bearing will be 
much less. Grade 3 bearings are usually 
selected from the grade 1 product by 
selective inspection, using the closer grade 
a _— bs 3 tolerances. Grades 5 and 7 bearings are 

Up to 4 in. bore usually manufactured with separate ma- 
chinery, and under controlled conditions, 
to the more precise tolerances. Miniature 
and instrument ball bearings are usually 
made to ABEC 5 tolerances or better. 
on Besides the bearings made to the ABEC 
Types TNA, TNAS tolerances, a series of unground bearings 
Up to 5 in. bore is available in the inch series sizes. These 
bearings are made to much larger toler- 
ances than even the ABEC-1 bearings. 
Bearing Width, Types The rings, including the raceways, are 
ay aye turned rather than ground. Since they 
ee Ee must be hardened after turning, great ac- 
curacy cannot be achieved. These bear- 
ings are used in low speed applications, 
such as roller skates and conveyor rollers. 

Cylindrical roller bearings also have 
tolerance standards, but the grading code 
Up to 12 in. OD is different from ball bearings. These 
12-24 in. OD bearings are made to RBEC | and RBEC 
ce ~! = : ——t pet id 5 tolerances, which correspond in accuracy 

to the ABEC grades 1 and 5. Spherical 
roller bearings and journal roller bearings 
are made to the RBEC | tolerance. 

Tapered roller bearings are graded by 
AFBMA classes, which are class 4, 2, 3, 0, 
and 00. Tolerances decrease in the order 
Ra ae ee shown, with class 00 being the most pre- 

(in.) cise grade, Table 4. Needle bearings are 
not grouped into classes or grades, but a 
Be distinction is made between industrial and 
ore or OD 
aircraft quality bearings. Tolerances for 
industrial needle bearings are given in 
Table 5. 

The basic bearing properties covered 
by these standard tolerances are bore 
diameter, OD, ring width, and radial run- 
out. In higher precision grades, other 
manufacturing tolerances which are perti- 
nent to performance are included in the 
tolerance specification. 
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Outer rings + 0.000, —0.005 
Inner rings of less 

than 5 in. OD + 0.000, +0.010 
Inner rings with 

more than 5 in. OD +0.010, + 0.015 


“Series NAA and NBA 3 od * 
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ROLLING ELEMENT BEARINGS 


Ball Bearing Characteristics 








ALL bearings consist of four principal parts: An 
B inner ring or race, an outer ring or race, a ball 

complement, and a ball separator or retainer. The 
balls serve to separate the inner and outer raceways 
and to transmit loads between rotating and stationary 
machine parts. Because of the small area of contact 
between balls and raceways, ball bearings have less 
friction than roller types of equivalent size and may be 
operated at higher speeds. This small area of contact 
limits load capacity, and consequently, ball bearings 
are normally used in moderately and lightly loaded 
applications. 

Since ball bearings are used in more lightly loaded ap- 
plications than roller bearings, the required amount of 
interference fit on shafts, or in housings, is usually less. 
For this reason, ball bearings are made with less internal 
clearance than their roller-type equivalents. 

Radial ball bearings are primarily designed to take 
pure radial loads. Angular-contact ball bearings are de- 
signed so that the direction of load through the balls 
forms an angle with the radial plane of the bearing. 
Thus, these bearings can carry thrust loads in combina- 
tion with radial loads. Self-aligning ball bearings have 
two rows of balls within a common spherical raceway 
and are used where accurate alignment between the 


HAROLD BELANGER 
Bearing Consultant, Stafford, Conn. 


shaft and housing-bore axes cannot be maintained. 

Ball thrust bearings are pure thrust bearings and can- 
not carry any radial load. Single-direction ball thrust 
bearings have a caged row of balls running between 
two rings, and can carry thrust loads in only one direc- 
tion. Double-direction ball thrust bearings have two 
complements of balls within two housing rings and are 
capable of carrying thrust load in either direction. At 
high speeds, deep-groove or angular-contact ball bear- 
ings are preferable, even for pure thrust loads. 

Where there is a chance of misalignment between 
the housing and shaft, either a self-aligning ball or a 
spherical roller bearing should be used. Also, self-align- 
ing ball bearings have very low friction coefficients. 

Ball bearings require very little lubricant for successful 
operation. Deep-groove ball bearings are available with 
seals built into the bearing so that the bearing can be 
prelubricated, and thus, operate for long periods of time 
without attention. 

Each ball-bearing type in this chapter is illustrated 
by a typical configuration. In some cases, variations in 
the basic forms have been included. 

In general, for a given set of envelope dimensions and 
for a given degree of precision, ball bearings are less 
expensive than roller types. 
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Radial Ball Bearings 


Deep Groove or Conrad 


The Conrad type is the most com- 
mon and probably the most versatile of 
all ball bearings. Although primarily a 
radial ball bearing, it can resist thrust 
loads of considerable magnitude from 
either direction. It is also capable of 
operating at relatively high speeds. 


Conrad type radial ball bearing. This 
bearing is available in many combinations 
of integral seals and shields. 


The Conrad bearing consists of in- 
ner and outer rings with deep symmet- 
rical raceways. The ball complement is 
the maximum number of balls that can 
be inserted between the raceways by ec- 
centrically displacing the inner and outer 
rings. A ball cage maintains equal spac- 
ing of the balls and makes the bearing 
nonseparable. Because of the nonseparable 
feature and the continuous symmetrical 
raceway shoulders, this bearing construc- 
tion is readily adaptable to many com- 


ae we 


Spherical OD Straight OD Adapter 
Adapter 


Flanged Open Flanged Shielded 








Snap Snap 


Ring Ring One Two 
and One and Two’ Seol Seals 
Shield Shields 


fot fo 








Snap Snap 

Ring Ring Ring 
and One and Two Shield 
Seal Seals and Seal 





Double 
Felt Seol 


Single 
Felt Seal 


Single 
Felt Seal, 
Single Shield. 


binations of integral seals and shields. 
Conrad-type ball bearings are manu- 

factured in OD sizes ranging from 4 

in. to over 12 ft and in many variations. 





Maximum Capacity 


The loading groove type has rings 
and raceways similar to the Conrad bear- 
ing, except that a semicircular slot is 
milled through one raceway shoulder on 
adjacent sides of the inner and outer 
rings. These slots do not extend to the 
very bottom of the raceways. A small 
step is included between the bottom of 
the raceway and the bottom of the slot. 
This feature permits the assembly of 
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more balls between the rings than is pos- 
sible with the Conrad construction. Be- 
cause of the additional balls, considerable 
increase in radial capacity is affected, 
but bidirectional thrust capacity is con- 
siderably reduced by the interruptions 
in the raceway shoulders. These bearings 
are used in applications such as spur 
gear reducers, where loads are heavy and 
predominantly radial. 

The counterbored type of maximum- 
capacity bearing has an inner ring with 


a deep, uninterrupted symmetrical race- 
way, similar to the Conrad bearing. How- 
ever, the outer-ring raceway has one 
shoulder practically removed, leaving only 
a slight “snap” shoulder on one side to 
make the bearing nonseparable after as- 
sembly. This construction permits as- 
sembly of the maximum complement of 
balls that may be spaced by a cage, thus 
providing high radial-load capacities. 
Since one side of the outer-ring raceway 


Filling slot type maximum capacity ra- 
dial ball bearing. 


and both sides of the inner-ring race- 
way have deep uninterrupted shoulders, 
high thrust loads in one direction may 
be supported. When two of these bear- 
ings are mounted on a shaft with the 
deep, outer-ring shoulders opposed, the 
mounting can resist thrust from both 
directions. 

The counterbored bearing is assem- 
bled by thermally expanding the outer 
ring and slipping it over the assembled 
balls, cage, and inner ring. This method 
of assembly permits the use of a sym- 
metrical one piece cage which is desir- 
able for high-speed duty. The loading- 
groove bearing normally requires the 
use of a two-piece cage. 





Fractured Outer Ring 


Fractured outer-ring ball bearings have 
inner and outer rings similar to Conrad- 
type bearings, but prior to assembly, the 
outer ring is fractured through a radial 
plane at one point on its periphery. 
Spreading of the outer ring (within its 
elastic limit) permits assembly of a 
maximum complement of balls in a one- 
piece cage in the same general assembly 
method as used with counterbored, max- 
imum-capacity bearings. After assembly, 
the fractured section of the ring snaps 
back to its original continuous ring con- 
figuration. 

This bearing combines the high ra- 
dial capacity of the maximum-capacity 
bearing, the advantage of the high-speed, 


one-piece retainer, and ability to take 
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Fractured outer-ring radial ball bear- 


ing 


thrust loads from either direction. Un 
der high thrust loads, tight housing fits 
must be employed to prevent spreading 


of the outer ring 





Ball Thrust Bearings 


Flat Race 


Flat-race, ball thrust bearings consist of 
two flat, hardened and ground washers 
and a complement of balls in a cage. Be 
ause of the poor conformity of ball curva 
ture to the flat race, load capacity is low 
Centril igal ball forces must be resisted 


by the ball pockets, so operating speeds 


Flat-race, ball thrust bearing. 


are somewhat limited. However, under 
conditions of light load and low speed, 
they provide minimum friction. They may 
be produced very economically due to 


their simple construction 


Grooved Race 


Grooved-race, bal! thrust bearings con- 
sist of a hardened and ground surface 
in one face of each washer and a ball 
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cage with a complement of balls. The 
three components are separable. This bear- 
ing is designed to support relatively high, 
pure-thrust loads. Because of the close 
conformity of ball to raceway, contact 
stresses for a given applied thrust load are 
considerably lower than for an equivalent 
size flat-race ball thrust bearing. But, fric- 
tion is greater at moderate speeds. The 
groove shoulders tend to maintain the 
balls in their pitch circle without high 
centrifugal forces in the cage pockets. 





Grooved-race, ball thrust bearing. 


In the use of both grooved and flat- 
race thrust bearings, it is imperative that 
square and accurate shoulders on shaft 
and housing are provided, if even dis- 
tribution of load on the balls is to be 
obtained. 


Grooved Race, Self-Aligning 


This type bearing is similar to the 
grooved-race thrust ball bearing, but one 
washer is ground spherical on the side 
opposite the raceway and is fitted with 


Grooved-race, self-aligning ball thrust 
bearing. 


a mating spherical seat in an aligning 
ring. This assembly will compensate for 
initial misalignment in the bearing mount- 
ing. It is not designed to compensate for 
dynamic misalignment where alignment 
varies with load during bearing rotation. 
In this case, the mating spherical seats 
would have to slide relative to each other 
under load. 


Grooved Race, Banded Ball 


This is a nonseparable, grooved-race 
thrust bearing. An annular metal band is 
swaged to one ring and has a small run- 





Grooved-race, banded ball thrust bear- 
ing. 
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ning clearance with the other. The clear- 
ance prevents the entrance of dirt or 
chips and retains lubricant within the 
bearing. These bearings are usually fur- 
nished with a full complement of balls 
and without a retainer. It is used when 
loads are high, speeds relatively low, and 
auxiliary sealing provisions are to be 
eliminated. 


Four-Point Contact 


The raceway of the four-point contact 
thrust-bearing ring consists of two beveled 
surfaces having different angles to a plane 
perpendicular to the bearing axis. The 
angles of bevel, the pitch-circle diameter, 


Four-point contact ball thrust bearing. 


and the ball diameter are designed so 
that the lines connecting the two points 
of contact of the ball with each raceway 
intersect at a common point on the axis 
of rotation. Because of this conical con- 
tact, the balls maintain their radial lo- 
cation and free rolling motion without 
pressure from a retainer. This construc- 
tion also permits the support of moderate 
radial loads acting in conjunction with 
heavy thrust. Although conformity of ball 
to raceway is relatively less than in 
grooved-race bearings, the four-point coni- 
cal design assures equal distribution of 
load between balls, even under pulsating 
loads. 

Four-point contact thrust bearings nor- 
mally are not supplied with retainers, but 
are available in either banded or open 
constructions. 





Duplexed pair angular-contact batt > 


bearing. 
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Angular-contact bearings are identical 
in construction to the counterbored, 
maximum-capacity type, except that in- 
ternal clearances and geometry are al- 
tered to permit the balls to contact the 
raceways at a predetermined contact an- 
gle. Increasing the contact angle will 
increase the thrust capacity and axial 
rigidity of the bearing. However, high 
contact angles reduce the radial capacity 
and radial rigidity. Also, at higher con- 
tact angles, bearing frict-on increases and 
the limiting speed of the bearing is 
reduced. 

Angular-contact bearings are available 
from manufacturers with a contact an- 
gle up to approximately 40 degrees. The 
selection of the general range of contact 
angle is dictated by the ratio of applied 
thrust to radial load, the axial and ra- 
dial-rigidity requirements, and the op- 
erating speed. 

This type of bearing can resist thrust 
from only one direction and normally 
should be preloaded against another an- 
gular-contact bearing with its contact 
angle opposed to the first. This arrange- 
ment permits the mounting to resist 
thrust from either direction, and also 
to maintain positive contact between 
balls and raceways when there is no ex- 
ternal thrust on the bearings. It ¢lso 
provides a mounting with no radial 
play. The distance between opposed bear- 
ings of a mounting should be held to 
a minimum to prevent a detrimental in- 
crease of preload due to thermal shaft 


5—BALL-BEARING CHARACTERISTICS 


Angular-Contact Ball Bearings 


Thrust 
Face 


Contact 
iV Angle 


Angular-contact ball bearing. 








expansion under operating conditions. 

Angular-contact bearings are particu- 
larly suited to applications involving ap- 
plied thrust loads having the same (or 
greater) magnitude as applied radial load, 
and to applications requiring high axial 
and radial rigidity. 


Duplexed Pairs 


The . axial and radial deflection rates 
of an angular-contact bearing decrease 
with increasing load. Hence, if a bear- 
ing is axially preloaded against another 
mounted with its contact angle opposed, 
the application of an applied thrust to 


the assembly will result in less bearing 
deflection than if the same thrust load 
was applied to a nonpreloaded bearing. 

Preload may be applied manually by 
varying the distance between the two 
opposed bearings. This is done by means 
of a threaded adjusting member, such 
as a shaft or housing nut. This method 
requires considerable skill and experience 
on the part of the assembler to obtain 
the desired preload. 


°o 


Axial Deflection (in.) 


Axial Lood (ib) 


Axial Deflection Curves for Nonprelooded 
ond Preloaded Pair 
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To eliminate the human element in ap- 
plication of preload, duplexed pairs are 
furnished by bearing manufacturers. The 
bearings of each pair have a predeter- 
mined axial offset of inner and outer- 
ring faces. When the two bearings are 
abutted and clamped together, this off- 
set is removed and the two bearings are 
preloaded the predetermined amount. 





Duplex DOB 
(bock to back) 








Duplex DF 
ffoce to face) 








Duplex OT 
(tandem) 





Duplexed pair angular-contact bearing 
mounting combinations. 


Face-to-face, or DF sets involve the 
same basic principles as DB sets, but the 
thrust faces of the inner rings are abutted 
and preload is applied through clamping 
the outer rings. Both DB and DF mount- 
ings have equal radial and axial-deflec- 
tion characteristics and have equal radial 
and axial-load ratings. DB units, because 
of the divergence of the bearing contact 
angles toward the shaft centerline, have 
a gereater effective spread between rows 
of balls. This, in turn, permits considerably 
greater rigidity against overturning mo- 
ments than in the DF mounting. The 
DF mounting is capable of operating 
under slight misalignment, whereas mis- 
alignment considerations are very critical 
with DB mountings. 

DB or DF sets are recommended where 
radial loads are too high for a single 
bearing and where axial and radial de- 
flections must be reduced. The amount 


with preload 


Preloading set of duplex DB bearings. 


of initial preload is dictated by applica- 
tion requirements. Higher preloads allow 
greater rigidity, but at the expense of 
increased bearing friction. Consequently, 
high preloads cannot be used if speeds 
are high or if torque requirements are 
critical 

Tandem, or DT sets consist of a pair 
of bearings with parallel contact angles 
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The two bearings of the DT set are not 
preloaded against each other, but the set 
may be preloaded against an opposed bear- 
ing or DT set at the opposite end of the 
shaft. Abutting faces of inner and outer- 
ring bearings of a DT set have equal and 
opposite offsets, and share applied thrust 
loads. They are used where very high 
thrust loads must be resisted and where 
axial deflections must be minimized. 

The individual bearings of duplex sets 
are normally matched for bore and OD 
dimensions to improve load distribution 
between bearings. In high-precision duplex 
sets, the high point of eccentricity of each 
ring is often marked. During mounting 
of precision sets these high points should 
be aligned to prevent opposed eccentrici- 
ties in service. 


Double-Row 


Double-row angular-contact bearings 
are actually two opposed angular-contact 
bearings in an integral assembly. They 
consist of inner and outer rings, each 
having two raceways, two rows of balls, 
and two cages. The contact angles of 
the two rows of balls may be opposed 
in either of two styles. In general, double- 
row bearings are used for bearing loca- 
tions where radial loads exceed the ca- 
pabilities of single-row bearings, or to 
obtain greater radial capacity in a given 
radial space. 

One type is similar to a DB duplex set 
in that the contact angle lines converge 
outside the bearing envelope. This con- 
struction provides maximum rigidity to 
overturning moments and often allows 
a single type double-row bearing to 
be used as a complete bearing mounting 


These bearings can be furnished with 
a slight axial and radial preload for ap- 
plications requiring zero play. 

A second type is similar to a DF duplex 
mounting. Contact angle lines of the 
two rows of balls converge within the 
bearing envelope. This construction per- 
mits satisfactory operation under slight 
misalignment. Because of their inability 
to resist appreciable overturning mo- 








Double-row, angular contact ball bear- 
ing (diverging type). 


ments, it is not recommended that a 
single bearing of this type be used as a 
complete bearing mounting. These bearings 
are well suited to applications such as 
heavy-duty gear reducers. 





Double-row self-aligning ball bearing. 


Internally 


Self-Aligning 


Bal! Bearings 


The double-row, self-aligning ball bear- 
ing has an inner ring with two closely 
spaced raceways. Its two rows of’ balls 
are staggered in a one-piece cage. The 
outer ring has a single spherical race- 
way with its center on the axis of rota- 
tion of the bearing. A relatively high 
degree of misalignment or shaft deflec- 
tion may be permitted without affect- 
ing bearing performance. 

The spherical outer-ring raceway has 
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rather poor conformity with the mating 
curvature of the balls, and consequently, 
radial-load capacity is low compared to 
equivalent sizes of single-row radial bear- 
ings. Thrust capacity of this type bear- 
ing is extremely low because of the ge- 
ometry of contact at the outer-ring 
raceway. 

The self-aligning bearing is used where 
accurate alignment between the bearings 
of a mounting cannot be maintained. 
With the precision available from pres- 
ent day machining equipment, alignment 
problems have been considerably reduced. 
There are few applications which require 
the internally self-aligning feature with 
its inherent low load capacity. 





5—BALL-BEARING CHARACTERISTICS 


Two-Piece 
Inner-Ring 
Ball Bearings 


The two-piece, inner-ring bearing con- 
struction permits the use of a maximum 
ball complement in a one-piece sym- 
metrical cage. The internal geometry of 
the bearing may be altered to minimize 
radial or end play as required by the ap- 
plication, while maintaining substantial 
contact angles for maximum thrust ca- 
pacity in either direction. These features 
make it ideal for use as the axial loca- 
tion bearing in medium and large gas 
turbines. 


4 Two-piece, inner ring ball bearing. 





Unground Ball Bearings 


Unground ball bearings meet the need 
in industry for a low-cost, antifriction 
bearing. In general, unground bearings 
have rings made of case-hardened, low- 
carbon steel and a full complement of 
balls without a retainer. In most construc- 
tions, either the inner or outer ring is 
comprised of two annular rings, abutting 
at the bottom of the raceway. These are 
clamped integrally after assembly of the 
balls. This eliminates the need for a 
loading groove and enables the bearing 
to support thrust loads from either di- 
rection. A recently developed method of 
assembly consists of rolling the unhard- 
ened metal of one ring around the hard- 
ened balls and other bearing ring to form 
a raceway. The unit is then hardened 
after assembly. This eliminates the split- 
raceway feature and assures that the ball 
contacts the raceway on an uninterrupted 
surface. 

Raceways of unground bearings are 
hardened after machining and no further 
finishing is done after hardening. Con- 
sequently accuracy, smoothness, and load 
capacity are considerably less than for 
equivalent size ground bearings. There 
are many slow-speed, lightly-loaded ap- 
plications where these features are not 
required and, in these, unground bear- 
ings are economical. Typical of these ap- 
plications are conveyor rollers, garden 
implements, and filing-cabinet drawers. 
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Typical unground ball bearing race vari- 
ations. 





Miniature 
and Instrument 


Ball Bearings 


Miniature and instrument bearings are 
generally very small, but precise varia- 
tions of standard ball-bearing types. Their 
field of application is small precision 
instruments and miniaturized mechanisms 
where running accuracy, smoothness and 
extremely low-friction characteristics are 
required. To obtain low friction, the race- 
way curvatures of miniature and instru- 
ment bearings are considerably more open 
(less conformity of ball to raceway) than 


Pivot-type miniature ball bearing. 


with other types. This reduces load ca- 
pacity and also affects bearing-torque re- 
sistance. 

Miniature and instrument bearings are 
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available in the Conrad types, loading 
groove type without retainer, angular-con- 
tact type, and pivot type. The pivot types 
have no inner ring and are used on hard- 
ened conical pivot shafts. 

Because of their extremely small size, 
these bearings must be handled and op- 
erated under conditions of extreme clean- 
liness. Minute particles of dust or con- 
tamination, which would have little ef- 
fect on large size bearings, have a very 
damaging effect on miniature bearings. 

In general, these bearings are only 
furnished in high precision grades. Con- 
sistent precision and alignment must be 
maintained on mating shafts and housings 
if full advantage of bearing accuracy is 


to be realized 


Miniature pivot-type ball bearing 
configurations 








Integral Ball Bearings 


An integral bearing is one in which 
the inner outer ring (or both) is de 
signed to serve as an additional machine 
component A very common example of 
this is the fan and pump-shaft bearings 
The inner ring is a solid extended shaft 
with two raceways ground in its OD 
When a pump impeller is pressed on one 
end and a V-belt sheave is pressed on 
the other end, the bearing serves as a 
complete drive assembly 

Miniature integral bearings can be used 
as a gyro spin bearing. The bearing outer 
ring is also the retaining end cap of the 
gyro. This construction assures extremely 
accurate alignment of the two spin bear 
ings on the gyro rotor shaft because the 
concentricity of the end-cap pilot diame 
ter to the inner-ring bore may be closely 
controlled by the bearing manufacturer 
This, in turn, results in increased preci 
sion and performance of the gyro assembly 

Integral bearings having gear teeth on 
inner or outer rings are frequently speci- 
fied for radar-antenna drives and other 
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Pumpshaft Application 


Gyro End 
Cap Bearing 





applications. This results in close con- 
centricity of the gear pitch diameter with 
the axis of rotation. 

In general, integral bearings permit 
greater accuracy, space and weight sav- 
ings, reduction of components and sim- 
pler assembly. 








Linear 


Ball Bearings 


The linear ball bushing incorporates 
multiple recirculating rows of balls, per- 
mitting a linear motion, which is lim- 
ited only by the length of the shaft. Rela- 
tively high speeds and very low friction 
are permitted by this design. Load capac- 


Linear ball bushing. 


ity is rather low because of the poor 
conformity of ball to shaft curvature, 
and because the ratio of ball diameter 
to shaft diameter is small. 
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ROLLING ELEMENT BEARINGS 


Roller Bearing Characteristics 





similar to that for ball bearings, except that rollers 

are used as the rolling elements. Roller bearings 
usually consist of four principal parts: An inner ring 
or race, an outer ring or race, a roller complement, 
and a roller separator or spacer. Because roller bear- 
ings do not operate under the point-contact principle 
of ball bearings, they are capable of carrying more 
shock and impact loads. However, roller bearings 
have more friction than ball bearings of equivalent 
size and, thus, are limited to lower speeds. 

There are many geometric configurations used for 
the rolling elements to provide either radia] position- 
ing, axial positioning, or both. For a given load and 
diameter of rolling element, rollers transmit load 
through a larger contact area than do balls. Con- 
tact area stresses are lower, and therefore, they pro- 
duce lower elastic deformation. 

Cylindrica! roller bearings have a complement of 
rollers guided between flanges on either the inner 
or outer ring. The rollers are cylindrical in shape, 
or slightly crowned to prevent edge loading on the 
rollers in case of slight misalignment of the shaft. 
They are ideal where freedom of axial movement is 
desirable. Also, cylindrical roller bearings can carry 
heavier loads than equivalent size ball bearings. 


if general, the construction of roller bearings is 
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Needle bearings resemble roller bearings, although 
they have altogether different characteristics. These 
bearings have no cage or separator retaining the 
individual rollers, thus increasing the effective bear- 
ing contact area and load-carrying capacity. They 
are primarily used where high load-carrying capacity 
within a very small radial dimension is required. 

Tapered roller bearings have straight tapered roll- 
ers whose end surfaces contact the guide flange on 
the inner ring. This type of bearing can carry heavy 
loads in both radial and axial directions, and they 
are suitable for heavy-duty, relatively low-speed 
applications. 

Self-aligning roller bearings are used for applica- 
tions involving misalignment and heavy loading at 
low to moderate speeds. These bearings usually have 
two rows of spherical or concave-shaped rollers. 

Roller thrust bearings are used to support un- 
usually heavy loads which act parallel to the axis 
of rotation. Cylindrical and tapered-roller thrust 
bearings are generally used to support thrust loads 
only. Spherical-roller thrust bearings can support 
extremely heavy thrust loads and moderate radial 
loads. 

The various types of roller bearings in this chapter 
are illustrated with a typical bearing configuration. 
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Cylindrical Roller Bearings 


Cylindrical roller bearings consist of a 
cylindrical rolling ele- 
ments, rolling between two concentric an- 
nular surfaces which are parallel to the 
axis of rotation. The rolling surfaces of 
the rollers are often manufactured slightly 


complement of 


is usually not over 0.001 in. in deviation 
from a true cylinder, it greatly improves 
the load distribution over the roller and 
raceway surfaces. It also permits bearings 
to operate under slight misalignment with- 
out high roller end loading and induced 


crowned at the ends. 


Single Row 


Cylindrical roller bearings incorporate 
rollers having lengths approximately equal 
to their diameter. These rollers are guided 
in their circumferential path by annular 
ribs or retaining rings on either (or both) 
of the inner or outer rings. Many vari- 
ations of the rib or retaining ring ar- 
rangement are available. Ribs which are 
integral with the bearing ring provide the 
highest guiding accuracy. Retaining rings 
offer advantages in economy where speeds 
are moderate. Where guide lips are lo 
cated at diagonally opposed corners of 
the roller, light thrust loads may be re 
sisted by the bearing 

Six available lip arrangements, all hav- 
ing equal radial capacity, are shown. 
Type A can support only radial loading, 
type B can support light thrust load from 
me direction, and type C can support 
light thrust loads from either direction. 

Type C incorporates separate hardened 
plates which act as roller guide ribs and, 


when properly clamped, act as thrust 


shoulders. Type A is ideal for nonthrust 
applications where it is necessary to com 
' 


‘ } 
yensate for relative linear expansion be 


tween shaft and housing Under such 
onditions, axial movement of the inner 
ring with respect to the outer ring takes 
place with minimum friction at the point 
f roller contact. If two, type-A cylindri 
al roller bearings are used as a shaft 
mounting, additional provisions must be 
made for axial location 

[wo type B bearings mounted on a 
shaft with their rib shoulders opposed will 
End play of 


nting may be readily adjusted 


: , 
iocate the mounting axially 


such a 
by axial movemer 
locknut 


Cylindrical roller bearings have radial 


load capacities of |'% to 2 tin as great 


} 


as radial ball bearings of equivalent size 
They have much higher shock load capac 
ity and radial rigidity than do ball bear 
ings. However, they lack the versatility 
of ball bearings to support combined ra 
dial and thrust loads, require closer a 
curacy of initial alignment, and are usual 
ly more expensive for a given size and 
degree of precision 


A single type C bearing, properly 


clamped, will provide axial shaft location 


te 


Although this crown 


skewing forces. 








Single-row cylindrical roller bearing. 


Ss 


bavecaad 


Roller element lip arrangements. 


These bearings are usually used with a 
single type A bearing at the opposite end 
of the shaft. 
shaft to expand or contract axially with 


This allows one end of the 


respect to the housing without creating 
bearing preloads. 

Selection of rib arrangements is also in- 
fluenced by assembly conditions in the 
mounting. 


Double-Row, Tapered-Bore 


This is a specialized form of a cylin- 
drical roller bearing, designed to meet 
requirements of precision applications. 
The inner ring has three ribs which ac- 
curately guide the two rows of rollers. 
The outer ring has no ribs, so, the bear- 
ing can support no thrust. 


Double-row, tapered-bore cylindrical 
roller bearings. 


The rollers have a low length-to-diam- 
eter ratio and are retained in a cage, 
which is land-riding on the inner-ring 
ribs. These features permit high operat- 
ing speeds. 

The inner ring has a tapered bore which, 
when mounted on a mating tapered shaft, 
permits very accurate adjustment of inter- 
nal clearance or even slight radial preload. 

These bearings are primarily used in 
high-precision applications, such as ma- 
chine-tool spindles, where radial runout 
and radial deflections must be held to a 
minimum. 
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Split Roller Bearings 


A split roller bearing has its outer ring, 
inner ring and roller assembly made in 
circumferential halves. ‘This permits its 
assembly and disassembly in a mounting 


with minimum effort. It also permits the 


























Split roller bearing. 


bearing to be used in locations that pre- 
clude the use of conventional solid ring 
bearing. 

The junction lines of the two halves of 
each ring are skew to the axis of rotation, 
so a roller only contacts one point of the 
parting line at any given instant. 
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6—ROLLER-BEARING CHARACTERISTICS 


Journal Roller Bearings 


A journal roller bearing consists of a 
straight inner and outer ring (without 
ribs) and a complement of relatively long 
cylindrical rollers in a cage. Journal roller 
bearings are considerably wider than cylin- 
drical roller bearings of equivalent shaft 
size and, consequently, have very high 
radial load capacity. Their proportions 
and construction restrict their use to low- 
speed applications. They may be used 
without their inner ring on hardened and 
ground-shaft journals where it is desirable 
to conserve radial space. 

Journal roller bearings contain no pro- 
vision for axially retaining the roller as- 
sembly, and the designer must provide 








oo 
saw 


Journal roller bearing configurations. 
With inner ring, top, and without 
inner ring, bottom. 





suitable locating surfaces to ensure proper 
positioning of this assembly. 





Needle Bearings 


Needle bearings have cylindrical rollers 
with a high length-to-diameter ratio. 
These rollers are retained in the outer 
ring as a nonseparable assembly. Needle 


bearings combine high radial load capacity 
with minimum radial space requirements. 
They can be furnished with or without 
inner rings, depending on radial space re- 
quirements. When used without inner 
rings, the shaft journal must be hardened 


Open and closed-end needle bearings. 


and ground to bearing ring specifications. 

Practically all needle bearings are made 
to inch dimensions rather than metric di- 
mensions. 

Needle bearings cannot resist thrust, and 
additional methods of axial location must 
be provided in the mounting design. 

Drawn-cup type needle bearings con- 
sist of an accurately drawn, case-hardened 
shell, and a complement of needle rollers. 
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The drawn shell is formed as the bear- 
ing outer ving and also retains the rollers. 
This economical bearing construction pro- 
vides high radial load capacity in mini- 
mum radial space. Most drawn-cup needle 
bearings are used on hardened and ground 
shafts without inner Where it 
is impractical to harden journals, 
hardened and inner rings can 
be furnished for use with standard bear 
ings. 


rings. 
shaft 
ground 


On the open-end type bearing, the lips 
on both sides of the drawn cup are formed 
to retain the rollers and act as a shield 
to retain lubricant and prevent entrance 
of dirt into the bearing. Closed-end bear 
ings may be used to obtain a positive seal 
in positions where the shaft does not ex 
tend beyond one side of the bearing. 


Full-Type, Heavy-Duty 


Heavy-duty needle roller bearings have 


hardened and ground outer rings, and 


they can be quipped with or without 
inner rings. They have very high radial 
load capacity and may be operated at 
moderately high speeds, as well as under 
yscillating conditions. Utilization of the 
full load capacity of a needle bearing is 
rarely obtainable in service because de- 
flections in the mounting change the load 


listribution in the bearing. 


Full-type, heavy-duty needle bearing. 


Heavy-duty needle bearings are used in 


applications where radial loads are high 


und high radial rigidity is required. Typ 
! ' 
ical applicati are heavy-duty transmis 


sions, gear pumps, metal-forming rolls, 


and heavily loaded pivot 


Cage-Type, Drawn-Cup 


Drawn-cup needle bearings with 
stamped cages are available in many sizes. 
Use of retainers permits higher operating 
speeds and prevents roller skewing under 
slight misalignment. Since the needle 
roller complement must be reduced to 
make room for the retainer, radial load 
capacity is lower than for an equivalent 
size full-type needle bearing. 


Cage-type, drawn-cup needle bearing. ® 


Cage-Type, Heavy-Duty 


These bearings incorporate a cage to 
equally space the needle rollers, reduce 
rubbing friction, and prevent roller skew- 
ing under slight misalignment or deflec- 
tion. Cage-type bearings may be operated 
at higher speeds than equivalent full-type 
units. Load ratings are somewhat reduced 
due to the smaller roller complement but, 
where deflections or misalignments are 
anticipated, this reduced theoretical load 
rating is more than balanced by the better 
roller guidance offered by cage-type bear- 
ings. 

Certain sizes of cage-type needle roller 
bearings are available with contact-type 
seals for applications requiring integral 
sealing. 


Center-Guided 


These bearings use a full complement 
of needles, each having an undercut sec- 
tion in the middle of the roller. The 
outer ring has a beveled rib which con- 
tacts the mating sides of the needle under- 
cut and effectively guides the rollers in 
This design 
allows the 

rollers for 


their circumferential path. 
prevents roller skewing and 
use of full complements of 
The open-end 


construction permits free flow of lubricant 


maximum load capacity. 
through the bearing. This is very desir- 
able in many applications. 

A thin band of spring steel, which con- 
tacts the inner periphery of the needle 
undercuts, holds the rollers in the outer 
ring and facilitates handling and mount- 
ing. 

Center-guided bearings can be furnished 
with or without inner rings. They are 
also available with synthetic rubber seals 
but, to accommodate the seal width, the 





— 


@ a eerie 


Cage-type, heavy-duty needle bearing. 


. 


Center-guided needle roller bearing. 


roller length—and consequently the load 
capacity—is decreased. 


MacHinE Desicn—Tue Bearincs Boox 





Needle-Rolier Cam Followers 


Two types of needle-roller cam follow- 
ers are available. Both types have very 
heavy outer ring sections to provide the 
strength and shock absorbing properties 
required in applications where the outer 
ring is not constrained in a housing. 
Thrust surfaces are incorporated into the 
bearing design so that the outer ring is 
nonseparable with the inner member. 
These thrust surfaces are primarily for 
axial location and cannot support appre- 
ciable thrust loads. 

The stud-type cam follower has an in- 
tegral threaded stud which serves as the 
inner ring and as the bearing shaft. This 
design permits heavier stud crossections 
than would be possible if a separate inner 
ring and shaft assembly were used. Where 
cam followers are mounted as cantilevers, 
the increased rigidity of the integral stud 
is of great value. The stud type also 
offers considerable convenience in mount- 
ing design. 

Cam-yoke followers are used where it is 
possible to support the cam follower on 


both sides. 

















Stud-type cam follower. 


Cam-yoke follower. 
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6—ROLLER-BEARING CHARACTERISTICS 


Tapered Roller Bearings 


Tapered roller bearings, due to their 
inherent geometry, are ideally suited for 
the support of heavy, combined radial and 
thrust loads at moderate speeds. Rollers 
and raceways are designed on the principle 
of a cone, such that the extensions of the 
lines of contact of the rollers with the 
raceways and the center lines of the roll- 
ers meet at a common point on the axis 
of rotation of the bearing. The design 
principle geometrically assures true rolling 
motion. 


Geometric principle of tapered 
roller bearings. 


A tapered roller bearing consists of an 
inner ring (called the cone) with a tapered 
raceway. Ribs at both ends of the race- 
way surface retain the rollers. The cone, 
rollers, and cage are inseparable. The 
separable outer ring (called the cup) has 
no ribs. The large ends of the rollers are 
spherically ground to match the mating 
ground face of the guide rib at the 
large end of the cone. Under load, the 
pressure exerted between these two sur- 
faces accurately maintains the rollers with- 
in their proper rolling path. 

The conical angle formed by the cen- 
terline of the rollers and the centerline 
of the bearing determines the relative 
thrust-to-radial load capacity. The steeper 
the angle, the greater the ability of the 
bearing to support high thrust loads. The 
shallower the angle, the higher the radial 
capacity—but with a corresponding de- 
crease in thrust capacity. Tapered roller 
bearings are made in a wide range of 
conical angles, and the most suitable bear- 
ing proportion for a given condition of 
loading is predicated by the thrust-to- 
radial load ratio. 

Tapered roller bearings are made to inch 
dimensions, rather than the metric sizes 
to which many other standard bearing 
types are made. 


Single-Row 


These bearings are the most common of 
all tapered roller bearing types. A single 
bearing can support heavy radial load and 


thrust from one direction. When two of 
these bearings, with opposing conical an- 
gles, are used at the two bearing positions 
on a shaft, the mounting will support 
thrust loads from either direction. Radial 
play and end play of the assembly may 
be controlled by axial adjustment of one 


Flanged tapered roller bearing. 


bearing with respect to the other during 
installation. End play of 0.005 in. to 
0.010 in. is recommended for normal ap- 
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plications. 

Certain sizes of single-row tapered roller 
bearings are currently available with an 
integral seal on one side. 

Flanged tapered roller bearings have an 
integral flange on the outside of the cup 
which, in some applications, facilitates 
mounting and assures better bearing align- 
ment. Housings can be through-bored 
with resultant economy in manufacture. 


Two-Row 


Two general types of double-row ta- 
pered roller bearings are available. Both 
have very heavy radial capacity and both 
can support thrust from either direction. 
The basic difference between the two 
types is the direction in which the op- 
contact-angle lines of the two 
rows of rollers diverge 

In converging-type bearings, the con- 


pr sed 


Two-row, converging-type tapered 
roller bearing. 


Two-row, diverging-type tapered 
roller bearing. 


tact-angle lines diverge away from the 
centerline of the bearing. The heavy 
faces of the cups are on the outboard 
sides of the bearing which provides a 
large shoulder area to support the ap- 
plied thrust load. The effective spread of 
the two rows of rollers is less than the 
geometrical distance between rows, and 
consequently, a single converging-type 
bearing is not recommended in applica- 
tions where overturning moments are an- 
ticipated. The cone member of the con- 
verging-type bearing has two raceways, 
and the two roller assemblies are non- 
separable with the cone. Two separable 
cups are used with the double cone. 
These bearings are usually supplied with 
a cup spacer. The cup spacer for each 
bearing is face ground after careful meas- 
urement of the distance between adjacent 
cup faces. When this spacer is clamped 
solidly between the two cups at installa- 
tion, the predetermined internal clearance 
of the bearing assembly will be obtained. 
If spacers are not specified, internal clear- 
ance must be controlled by axial adjust- 
ment of housing shoulders. 

In diverging-type bearings, the con- 
tact-angle lines of the two rollers diverge 
toward the bearing centerline. The ef- 
fective spread of the two rows is greater 
than the geometrical distance between 
rows, and a single bearing is capable of 
considerable overturning mo- 
ments. Diverging-type bearings offer 
greater rigidity against shaft bending than 
do equivalent size converging-type bear- 
ings, but because of this rigidity, very 
accurate bearing alignment must be main- 
tained. The thin faces of the double cup 
are outboard in the diverging construc- 
tion. This leaves very little contact area 
for resisting thrust loads in the housing, 
and under certain conditions of loading, 
this may reduce the effectiveness of the 
bearing. 

Diverging-type bearings do not require 
that the cup be clamped in the housing, 
since the double cup is a single ring. 
Consequently, this type bearing may be 
used as a floating bearing at one posi- 


resisting 


tion on a shaft to compensate for un- 
equal thermal expansion of shaft and 
housing. 

Inner-ring spacers are usually furnished 
with these bearings so that, when the 
cones are clamped over the spacer, the 
predetermined internal clearance is ob- 
tained. 

Double-row tapered roller bearings are 
used in very heavy-duty applications at 
low to moderate speeds. 


Four-Row 


These bearings are designed primarily 
for large roll necks in metal rolling mills. 
They have extremely high radial and 


Four-row, tapered-roller bearing. 


thrust capacities and high-shock resist- 
ance. Factory ground cup and cone spac- 
ers assure proper operating internal clear- 
ance after cups and cones have been 
solidly clamped in the mounting. 





Self-Aligning Roller Bearings 


There are two basic causes of misalign- 
ment in bearing applications: 1. Initial 
misalignment due to accumulated inac- 
curacies in machining shaft and housing 
seats. 2. Deflections of components of the 
mounting due to imposed loads in serv- 
ice. Neither of these factors can be com- 
pletely eliminated. It often is more eco- 


nomical to use bearings capable of sat- 
isfactory performance under misaligned 
conditions than it is to reduce misalign- 
ment by increasing the accuracy and 
rigidity of machine parts. 

Internally self-aligning bearings have 
one raceway which is ground spherical 
about a point on the bearing axis of ro- 
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tation. The curvature of the surface of 
revolution of the rollers is made to con- 
form to this spherical raceway. If this 
spherical raceway is misaligned about its 
center with respect to the raceways of the 
other ring, it will always have the same 
contact with its mating rollers. Even 
though alignment of the inner and outer 
rings may be changing continuaily dur- 
ing bearing rotation, there will be mini- 
mum resistance to this misaligning mo- 
tion because it will take place between 
rolling surfaces, and even distribution of 
roller stress will be maintained. The rol- 
ler assembly is guided by the nonspheri- 
cal raceway ring and maintains its align- 
ment with respect to this ring. 

Self-aligning roller bearings 
have two rows of rollers. Depending on 
the geometry of the bearing, they are 
capable of supporting moderate to heavy 
thrust from either direction in addi- 
tion to very high radial loads. They are 
used for applications involving misalign- 
ment and heavy loading at low to mod- 
erate speeds. 


usually 


Concave Roller 


In this type of bearing, the rollers are 
guided in their circumferential path by 
the convex raceways of the stationary 
outer rings. This path remains constant 
regardless of changing misalignment, and 
gyroscopic roller forces are avoided. 


Concave-roller, self-aligning 
roller bearing. 


The primary application for this bear- 
ing is in pillow blocks or other mounted 
units. The housing design of the pillow 
block or mounted unit incorporates an 
axial adjustment in the housing end-cap 
to control the internal clearance of the 
bearing. 

Like the spherical roller bearing, this 
bearing can support high radial loads and 
moderate thrust from either direction. It 
is recommended for low to medium speeds. 
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Spherical Roller 


Two designs of spherical roller bear- 
ings are available. Both have a spherical 
outer-ring raceway, and both have two 
rows of barrel-shaped rollers. 








Flanged inner-ring, spherical- 
roller bearing. 


The flanged inner-ring bearing has 
four rib surfaces which guide the rollers 
in their circumferential path. The rollers 
are not symmetrical. The ends of the 
rollers on the outboard sides of the bear- 
ing have a smaller diameter than the 
inboard roller ends, and the maximum 
diameter of the rollers is located at ap- 
proximately two-thirds the roller length 
in from the small end. Under load, the 
rollers are forced lightly against the rib 
face of the center flange, thereby main- 
taining rolling motion and preventing 
roller skewing. 


6—ROLLER-BEARING CHARACTERISTICS 


The C-type spherical roller bearing 
uses symmetrical rollers and inner rings 
without guide ribs. Rollers are guided by 
a separate ring which rides on the inner 
ring between the two rows of rollers. 
Guidance is aided by the geometry of 
the raceways and the assured central 
roller loading. 

Load ratings of C-type bearings are 
somewhat higher than the center-flange 
type because of the greater effective roller 
length within a given bearing envelope. 
Center-flange spherical roller bearings 








Ring-guided spherical roller bearing. 


have friction advantages under certain 
conditions of operation. 

Spherical roller bearings are made to 
metric dimensions of bore, OD, and width. 
Most sizes are available with tapered 
bores and split adapter sleeves to permit 
their use on commercial, inch-dimension 
shafting. 





Roller Thrust Bearings 


Roller thrust bearings are used to sup- 
port unusually heavy loads which act 
parallel to the axis of rotation. These 
loads may be the result of work being 
done by the machine, or in vertical shaft 
applications, they may be due to the 
weight of the machine parts. Mounting 
design for roller thrust bearings must en- 
sure that the bearings never operate while 
completely unloaded, as this will cause 
roller skidding and consequent scuffing 


of rollers and raceways. 
Cylindrical Roller 


A cylindrical roller thrust bearing con- 
sists of two hardened and ground steel 
washers, a cage, and a complement of 
short cylindrical rollers. Since the velocity 
of any point on the rotating raceway is 
proportional to its radial distance from the 
axis of rotation, two or more short rollers 
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are used in each radial cage pocket to 
reduce roller skidding. 

This type of thrust bearing can resist 
no radial load, but its extremely high 
thrust capacity is not affected by radial 
loads or radial deflections. Because of the 
simplicity of their design, cylindrical rol- 
ler bearings may be produced more eco- 
nomically than any other type of roller 
thrust bearing. Shaft and housing shoul- 
ders must be square with the axis of ro- 
tation to avoid misalignment problems. 


Cylindrical-roller thrust bearing. 


Self-Aligning, Cylindrical Roller 


This bearing incorporates the same type 
of raceways and roller assembly as a 
cylindrical roller thrust bearing, but one 
washer is ground spherically convex on 
the face opposite the raceway. When this 
washer is mated with an additional washer 
having a concave spherical seat, the bear- 
ing is self-aligning about the center of 
the mating spherical surfaces. This fea- 


ture allows the bearing to compensate for 
initial angular misalignment between the 
housing seat and the bearing axis of ro- 
tation. This type of self-alignment is not 
recommended for operating conditions 
where the misalignment is continually 
changing due to variations in load and 
deflection. 


Self-aligning, cylindrical-roller 
thrust bearing. 


Tapered-Roller 


A tapered-roller thrust bearing consists 
of two identical rings with conical race 
ways, a complement of tapered rollers, 
and a cage. The conical raceways share 
with the tapered rollers a common ver 
tex at the bearing center. This assures 


true rolling motion. The large end of 


the rollers is ground spherical to match 
concave faces of the ring ribs. The nomi- 
nal roller end pressure exerted at the rib 
surface accurately guides the rollers. It 
also provides a small measure of radial 
location in addition to the heavy thrust 
capacity of the bearing 








Tapered-roller thrust bearing. 


Spherical-Roller 


The spherical-roller thrust bearing uses 
tapered barrel-shaped rollers conforming 
to the raceway of a stationary ring, which 
is ground spherical about a point on the 
bearing axis. These rollers are guided at 
their widest ends by a heavy rib at the 
periphery of the rotating ring raceway. 
Since the angle made by the centerlines 
of the rollers and the axis of the bearing 
is rather steep, the forces at the rib are 
high and lubrication of the rib surface 
must be carefully controlled. 


Spherical-roller thrust bearing. 


The spherical roller thrust bearing can 
support extremely heavy thrust loads and 
moderate radial loads at low speeds. It 
will compensate for both initial and dy- 
namic misalignment. 
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6—ROLLER-BEARING CHARACTERISTICS 


X-Type Roller Bearings 


The X-type roller bearing is a unique, 
one-row roller bearing that is capable of 
supporting high magnitudes of overturn- 
ing moments, radial loads, and thrust loads 
from either direction. It consists of an 
inner ring with a 90 degree included 
angle V-groove raceway, a two-piece 
outer ring with a similar raceway, and 
a complement of cylindrical rollers in a 
special cage. Each roller has a diameter 
slightly greater than its length. The 
square cross-sectional annular opening 
formed between raceways when inner 
and outer rings are held concentric per- 
mits alternate rollers to be placed between 
the raceways with their roller axis at 90 
degrees to each other. Where the thrust X-type roller bearing. 
load from one direction is considerably 
greater than the thrust from the other 
direction, the bearing may be loaded with Because the contact-angle lines of al- In heavily loaded, slow-speed applica- 
a greater number of rollers axes in one ternate rollers diverge toward the bear- tions, such as radar antenna mountings, 
direction than those at 90 degrees to this ing axis, high rigidity against overturn these bearings offer considerable space 
direction ing moments is obtained. savings and simplified mounting design 








Mounted Bearing Units 


A mounted unit consists of a bearing 
and housing which is supplied as an in- 
tegral unit and which may be bolted 
onto a machine frame to act as a com- 
plete bearing mounting. These units nor- 
mally incorporate seals, lubricating pro- 
visions, and means for clamping the bear- 
ing to commercial shafting. Most mounted 
units are self-aligning, either through use 
of internally self-aligning bearings, or 
through external self-aligning means. 

Mounted units are available in ball 
tapered roller, spherical roller, and split- 
roller bearing types. The choice of the 
bearing type is dependent upon the type 
of service to which the unit is subject. 

The two most common forms of 
mounted units are the pillow block and 
the flange unit. The pillow-block con- 
struction allows the housing to be bolted 
to a machine surface parallel to the shaft 
axis. The flange unit is used where the 
housing is to be bolted to a machine sur- 
face perpendicular to the shaft axis. Since 
the units are self-aligning, great accu- 
racy is not required in locating the 
mounted units. 

In applications where extreme running 
accuracy is not required, mounted units 
are economical and greatly reduce instal- 
lation time. They are used extensively in Pillow block mounted bearing unit. 
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DESIGN DATA 


There are many variations of mounted 
bearing units. Each has the function of 
providing an integral bearing and hous- 


material handling equipment, power- 
and special ma- 


types. 


ing for supporting a rotating shaft, but 
the housing design is altered to meet spe- 
cific application requirements. 


transmission systems, 


hinery of various 


Take-up bearing. Flange-mounted bearing. 





Linear Motion Roller Bearings 


a 


Roller-type, linear-motion bearings are 
used for linear translation of very heavy 
loads. Two versions of this bearing are 
shown 

The ladder-type bearing consists of two 
hardened steel plates separated by a series 


of caged rollers. The stroke of this bear- 


ing is limited by the length of the hard- 
a | ed tracks 


and the length of the caged 


Ladder-type linear-motion bearing. 


Recirculating-type linear-motion bearing. } 


roller assembly. This bearing is capable 
of carrying very heavy loads. 

The recirculating type contains a re- 
turn channel for the Center- 
guided rollers are used to prevent skew- 
ing and to hold the rellers around the 
race, Thus, the stroke of this bearing is 


rollers. 


limited only by the motion requirements 
of the application. 
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ROLLING ELEMENT BEARINGS 


Bearing Size Selection 





6 Bs problems involved in size selec- 

tion for a_ rolling-element bearing 
can all be boiled down to one question: 
How big must a bearing be to have the 
required life expectancy? 

If a bearing is correctly mounted, lubri- 
cated and otherwise properly handled, all 
causes of failure are eliminated except 
one—fatigue. Cyclic stresses, which cause 
metal fatigue, are present in both the 
races and the elements of a rolling-ele- 
ment bearing, even when the bearing is 
operating with a constant load. Each 


Fig. 1—Load patterns in two radially 
loaded ball bearings. Bearings are usually 
manufactured and mounted so that there 
is some small amount of clearance be- 
tween the races and the rolling elements. 
Bearing at top has zero clearance, and 
load zone extends over 180 deg of the 
bearing. Bearing at bottom has some 
clearance; load zone is less than180 deg. 
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time an element of the bearing enters 
the load zone, Fig. 1, it is stressed, and 
as it leaves the load zone the stress is 
relaxed. Each bearing race is also stressed 
each time a loaded element rolls by. 

The effect of this fatigue shows up in 
a bearing as “flaking.” Once fatigue 
flaking or spalling commences, the useful 
life of the bearing is finished. Fatigue is 
unavoidable, ultimately, but a bearing can 
be selected which has sufficient size, and 
therefore capacity, to give satisfactory bear- 
ing life. 

To answer the question of required 
bearing size, three things must be known: 

l. The bearing life required for the 

particular application. 

2. The magnitude, direction, and nature 

of the loads on the bearing. 

3. Life-load relationship of the bearing 

type which has been selected. 
As pointed out in previous chapters, fac- 
tors other than the required life determine 
the type of bearing which is selected. 

Actually, size selection is not quite 
this simple. The solution to most design 
problems is a weighted compromise, based 
on optimum performance in the face of 


divergent requirements. In addition to 


Application 


Apparatus infrequently used 


Aircraft engines 


interruptions are unimportant 


Full use, 8 hours a day 
Continuous duty, 24 hours a day 
Continuous duty, 24 hours a day, 
dependability very important 





Intermittent operation, where service 


Intermittent operation, dependability desired .. 


HAROLD BELANGER 


Bearing Consultant, Stratford, Conn. 


(millions of 
revolutions) 


Automobiles 


Railroad Freight Cars 
Suburban Trains 

Trolley Street-Cars ........... 
Locomotive Undriven Axles ... 


Railroad Passenger Cars 





fatigue considerations, the static load ca- 
pacity, limiting rotational speed, and the 
bearing frictional torque of the bearing 
selected must meet application require- 
ments. 


Desired Bearing Life: Determination of 
the necessary life of the bearing is the 
first step in bearing size selection. Some- 
times this figure is known; sometimes 
it is established by versonal experience 
and judgment. Of course, different in- 


Life 
(hours) 


500 
500-2000 


4000-8000 
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Fig. 2 
have different lives. 


90 per cent of the bearings will exceed. 


Dispersion of life values of a group of bear- 
ings. Individual bearings which are apparently identi- 
cal and which operate under identical conditions may 
Median life, or average life, is a 
life value which 50 per cent of the bearings will ex- 
ceed. Rating life, or minimum life, is a value which 


Basic Dynamic Capacity, G (Ib) 


8 § 888 38 











Fig. 3—Basic dynamic capacity of single-row ball bear- 
f 


ings. These values are 


»¢ radial loads only, and for 


Conrad and angular-contact type bearings only. 


dustries have different opinions on just 
what is satisfactory life. Tables 1 and 
2 list bearing life figures which have been 
used. 


Nature of Loads: In many cases it is 
not possible to accurately determine the 
actual bearing loads. Consider wheel bear- 
ings on vehicles, for instance. Static bear- 
ing loads are known, but in service there 
are shock loads of unknown quantity 

The design load on which bearing se 
lection is based is often nothing better 


than an educated guess, incorporating the 


known facts of the problem and an esti 
mate of their effect on bearing life. 


Life-Load Relationship 


Bearing life, under specific conditions of 
loading, is defined as the number of 
revolutions, or the number of hours at 
a given rotational speed, which the bear 
ing will operate before any evidence of 
fatigue develops. 

The life of an individual bearing can 
be compared to one of the pellets in a 
shotgun shell. Before the shell is fired 
at a bird, it can’t be determined just 
which pellet will hit the bird. But how 
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many will hit can be predicted. 

Under known conditions of loads and 
speeds, the life of any one bearing is un- 
predictable. However, if a large group 
of apparently identical bearings are tested 
to fatigue failure under the same load 
and speed, the failure pattern of the 
group will conform very closely to a prob- 
ability curve of the form shown in Fig. 
2. This curve is the same regardless of 
bearing size, type magnitude of loading, 
rotational speed, or bearing manufacturer. 

Average bearing life is defined as the 
life that 50 per cent of a test group will 
equal or exceed under a given load and 
speed. The rating life, or minimum 
life, is defined as the life that 90 per 
cent of the bearings tested will equal 
or exceed before the first evidence of 
spalling develops. From the life distribu- 
tion curve, the minimum, or rating, life 
is about 1/5 of the average life. 

This rating life of a bearing is some- 
times called the B-10 life, or the 10 
per cent life. In any case, it is the life 
figure which 90 per cent of the bear- 
ings can be expected to exceed under 
the imposed load conditions. 


Speed: Bearing life is often expressed in 


Bore Diam, (mm) 


60 80 








terms of number of revolutions. For a 
constant-speed device the number of revo- 
lutions is readily convertible into hours 
of life. For a given bearing, tripling 
the speed means cutting the hours of 
life to one-third of the original value. 
For applications where the speed varies 
considerably, and it is difficult to predict 
an average or mean speed, the life in 
terms of numbers of revolutions is some- 
times the most practical one to consider. 


Load: The effect of loads on bearing 
life is pronounced. Roughly, there is an 
exponential relationship in the magnitude 
of the load and the life of a bearing. 
There is disagreement on this point be- 
tween some bearing manufacturers. For 
ball bearings, this relationship is 


Cc, \3 

~= ( P ) 
where Ln life, millions of revolutions; 
C, = basic dynamic radial capacity, Ib; 
and P = radial load or equivalent radial 


load, Ib. 
For roller bearings, the relationship is 


Cc, 10/3 
m= (%) 
P 
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7—SELECTION OF BEARING SIZE 








Basic Dynamic Capacity, C, (Ib) 
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8 


Basic Dynamic Capacity, Gk Ib) 
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Fig. 4—Basic dynamic capacity of cylindrical roller bearings. 


Dynamic Capacity 


Basic dynamic capacity, C,, is the con- 
stant radial load that may be applied 
to a specific bearing size for a mini- 
mum or rating life of one million revolu- 
tions. One million revolutions is equiva- 
lent to 500 hours at 3344 rpm. The dy- 
namic load capacity is a factor from 
which the fatigue characteristics of the 
bearing may be computed at all speeds 
and loads. 

For thrust bearings, the dynamic load 
capacity is designated by C:. This repre- 
sents the constant central thrust load 
that a thrust bearing can support for 
a rating life of one million revolutions. 

Although bearings of the same type 
and size, but made by different manu- 
facturers, are interchangeable with re- 
spect to external dimensions and _toler- 
ances, the internal geometry may be con- 
siderably different. Consequently, load 
ratings vary for a given bearing size, 
depending on the manufacturer. Hence, 
it is only possible to give average load rat- 
ings for each basic bearing size, Fig. 3, 4, 
and 5. 

Tapered-roller bearings do not have 
standardized boundary dimension plans. 
The thing which really establishes dy- 
namic capacity in a tapered-roller bear- 
ing is the number and size of the tapered 
On tapered-roller bearings, bear- 


rollers. 
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ing bore size has little to do with roller 
diameter, and very little to do with roller 
length. However, bearing width does have 
something to do with roller length; and 
there is a rough correlation between bear- 
ing width and dynamic capacity, Fig. 6. 
The expression of bearing life in mil- 
lions of revolutions is awkward. Most 
engineers prefer to consider life in hours 
at the operating speed. In this case, the 
relationship for ball bearings is 


16667 ( C, )’ 
N P 

rating life, hr; and N = 
For roller bearings, 


where Lp 


operating speed, rpm. 
the relationship is 


16667 
N 


When the applied loading is a com- 
bination of radial and thrust loads, these 
components must be converted to an 
equivalent radial load which may then 
be used with the basic dynamic radial 
capacity, Cy, of the bearing. 


Equivalent Radial Load: This is a cal- 
culated radial load of such a magnitude 
that it will have the same effect on 
bearing life as an applied combined 


120 
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Fig. 5—Basic dynamic capacity of spherical roller bearings. 


radial and thrust load. A ring rotation 
factor is considered in calculations of 
equivalent radial load. 

Bearing dynamic capacities are based on 
applications where the inner ring of the 
bearing rotates with respect to the radial 
load. This is the case in most bearing 
applications. Ordinarily, the inner ring 
race is considered the weakest point on 
a bearing, because its radius of curvature 
is opposed to the curvature of the rolling 
element. Consequently, higher Hertzian 
stress concentrations occur. This is in spite 
of the fact that when the inner ring ro- 
tates with respect to the load, any one 
part of the ring is exposed to these 
stresses only once during one revolution. 

When the inner ring is stationary, and 
the outer ring of the bearing rotates 
with respect to the load, more stress 
repetitions per revolution occur on the 
inner ring. To find the equivalent radial 
load for a bearing with a rotating outer 
ring, a correction factor must be intro- 
duced. For these conditions, the actual 
applied radial load must be multiplied by 
a factor, V, before using the equivalent 
radial load in the load-life equation. 

Equivalent radial load, P, is given by 


P = VXPF, + YP, 
where V is the correction factor. For 


inner ring rotation, use V = 1; for outer 


ring rotation, use V = 1.2. Two separate 
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Fig. 6—Basic dy- 
namic capacity for 
tapered-roller bear- 
ings, as a function 
of bearing width. 
Bearing width is a 
better indicator of 
roller size, and 
thus dynamic ca- 
pacity, than bore 
diameter. 


Fig. 7—Conversion 
chart for short-cut 
method of solving 
for bearing life or 
basic dynamic ca- 
pacity. 


sets of values are given for the factors 
X and Y, Table 3. Compute the value 
of P using first one set of values, then the 
other. Use the largest value of equivalent 
radial load thus obtained in bearing size 
selection. 


Speed and Life Factors: The relation- 
ship between C, and bearing life involves 
an exponential equation, which can be a 
chore to evaluate. A short-cut method is 
available, and can be used to solve for 
C,, Ln, or speed, by use of the two sets 
of conversion scales given in Fig. 7. When 
the speed and life factors given in the 
conversion scales are used, the load-life 
relationshipemay be simplified to 

ian 

fs 

where fr life factor; and fs = speed 
factor. If C, is known, and either the 
speed or life are unknown, solve the 
above equation for fs or fx, then enter 


Fig. 7 to get the value of. the speed or 
life. 


Static Load Carrying Capacity 


There is a practical limit to the static 
load which a stationary bearing can carry. 
This limit is established by the pos- 
sibility of permanent deformations of the 
raceways which can occur when a load 
is applied to a bearing which is not turn- 
ing. Very small permanent deformations 
appear even under moderate loads and 
the size of each deformed spot increases 
gradually with load. 

When these deformations become as 
large as 0.0001 of the diameter of the roll- 
ing element, objectionable noise and vibra- 
tion will appear when the bearing ro- 
tates. Static capacities for bearings are 
listed in all bearing catalogs, and the 
usual limit for static loads given is that 
load which will not cause objectionable 
permanent deformations. If the presence 
of noise or vibration caused by deforma- 
tions is not objectionable. stationary loads 
up to four times the static capacity may 
be imposed on stationary bearings. 

Loads considerably higher than the static 
capacity may be carried while the bear- 
ing is rotating without any objectionable 
effects. But, the bearing life is shortened. 

As a guide for radial bearings, the ulti- 
mate static load limit before fracture is 
approximately 6'/ times the basic static 
capacity. Aircraft Static Capacity (ASC) 
for roller bearings is approximately 3'/4 
times the basic static capacity. For ball 
bearings, ASC is approximately 334 times 
the basic static capacity. 

There is a static load limit for thrust 
as well as radial loads. Since more of 
the rolling elements in a bearing are ac- 
cepting part of the load, the static ca- 
pacity under thrust loads of a_ bearing 
can be expected to be higher than the 


radial capacity. 
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Bearing Friction 


Some friction is always present in ball 
and roller bearings, in spite of the fact 
that they are called antifriction bearings. 
The amount of frictional torque is pro- 
portional to the bearing load and size. 
It is impossible to calculate exactly the 
value of the bearing frictional torque, 
but reasonably good approximations can 
be made. 

Empirical values for the friction coef- 
ficient are given in Table 4. The fric- 
tional coefficient varies considerably with 
load, speed and lubrication, but the values 
given can be applied for normal condi- 
tions and favorable lubrication. The 
bearing frictional torque, T (Ib-in.), can 
be calculated by 

— ) 


2 


T = aP ( 


where b the bearing bore, in.; and 
# = coefficient of friction. 

Bearing friction causes an increase in 
temperature. At very high speeds, this 
temperature rise may exceed the permis- 
sible limit. Very often, the DN num- 
ber of a bearing type is used to indicate 
the maximum permissible speed. This 
number is the product of the bearing 
bore in millimeters and the maximum 
speed in rpm. Limiting valves of DN 
for each bearing type and type of lubri- 
cation are usually given in the manu- 
facturer’s catalogs. 

When considering bearing friction, al- 
ways take into account the friction of 
built-in external or internal seals. The 
friction caused by seals is often higher 
than the bearing friction. 


7—SELECTION OF BEARING SIZE 


Bearing Type 


Yi Xe Y2 





(Type DB or DF) 





Radial-Contact Ball Bearings 0 
Angular-Contact Ball Bearings (shallow angle) 
Angular-Contact Ball Bearings (steep angle) .... 
Double-Row and Duplex Ball Bearings 


Spherical Roller Bearings (22 and 30 series) .. 
Spherical Roller Bearings (23, 31, & 32 series) .. 
Single-Row Tapered Roller Bearings (Type TS) 0 
Single-Row Tapered Roller Bearings 

(steep angle, Type TSS) 0 
Double-Row Tapered Roller Bearings 


0.5 
0.45 
0.4 


1.25 12 


0.75 


1.25 
3.7 
3.0 
18 


0.67 
0.67 
0.4 


2.5 
2.0 


1.0 
2.5 


0.4 
1.6 





Bearing Type 


Coefficient » 





Thrust ball bearing 


Tapered-roller bearing 


Needle bearing 





Self-aligning ball bearing 
Cylindrical roller bearing 


Single-row ball bearing 


Spherical-roller bearing . 


0.0010 
0.0011 
0.0013 
0.0015 
0.0018 
0.0018 
0.0045 











bore. 
pected life of the bearing? 


capacity, C, 
factor, fs, is 0.343. 


Hence, 


C,(fs) 


P 1300 


9000 (0.343) 


~ 


From the conversion scale, Fig. 7, 


a rating life of 8900 hr. 





Example, Bearing Life Calculation 
A series 03. cylindrical roller bearing has a 30 mm 
This bearing supports a shaft turning at 1200 
rpm, with a radial load of 1300 lb. What is the ex- 


P is 1300 lb. From the curve, Fig. 4, basic dynamic 
= 9000 Ib; and from Fig. 7, the speed 


this corresponds to 


= 2.36 
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Example, Bearing Size Selection 


A radial, deep-groove bearing supports a shaft which 
rotates at 1200 rom. The thrust load on the bearing 
is 500 Ib; the radial load is 1000 lb. Desired bearing 
life is 3000 hr. To-meet the shaft strength require- 
ments, the bearing should have a bore of approximate- 
ly 2 in. What standard bearing will satisfy these 
conditions? 


First, find the equivalent radial load. From Table 3, 


xX, 


1.0 Y,=0 
X2 = 0.5 


Y2=-14 


Also, since the inner ring rotates, V = 1.0. Then, 


P = (1.0) (1.0) (1000) + 0(500) = 1000 Ib 
or 


P = (1.0) (0.5) (1000) + (1.4) (500) = 1200 Ib 


P is 1200 Ib, since this is the greater value. 

Next, finding the value for the speed factor, fs, and 
the life factor, fr, from the conversion chart in Fig. 7, 
and using the simplified load-life equation, 


Pf, 


fs 


_ 1200(1.82) 


Cc, = — = 7210 lb 
0.303 


A 2-in. bore is approximately 50.8 mm. From Fig. 3 
it can be seen that a 02 series bearing of 55 mm bore 
has a Cy rating of 7500 Ib, or a 03 series bearing has 
a Cy rating of 7500 lb for a 40 mm bore. Of these 
two, choose the bearing which best fulfills the other 
requirements of the machine. 














ROLLING ELEMENT BEARINGS 


Bearing Mounting 





‘Y ELECTION of a bearing type and 

size is only the beginning of the ap- 
plication problem. A rolling-element bear- 
ing can be no better, as far as rigidity 
and accuracy of location are concerned, 
than the quality of its support structure. 
Since bearings are precision devices, this 
same precision should be reflected in the 
mounting design. Even the mount for a 
roller skate wheel must satisfy certain re- 
quirements 

There are probably more acceptable 
kinds of mounting designs than there are 
kinds of bearings, but all good mounting 
designs have fundamental similarities, 
which makes the design problem simpler. 
Bearing type selection and mounting de- 
sign are closely related, since in many 


Bearing 
ore g6 
(mm) 
From To 
- 0.0002 0 0 
0.0006 —C.0004 0.0002 


0.0002 0 0 


18 0.0007 0.0004 0.0003 


0.0003 0 0 


30 
0.0008 0.0005 0.0004 


0.0004 0 0 
0.0010 0.0006 0.0004 


0.0004 0 0 
0.0011 0.0007 0.0005 


0.0005 0 0 
0.0013 0.0009 0.0006 


0.0006 0 0 
0.0015 0.0010 0.0007 


0.0006 0 0 
0.0017 0.0011 0.0008 





+ 0.0003 
0.0005 


SAMUEL E. BARNES, 


Assistant Editor, Machine Design 





Shaft Tolerances Housing Tolerances 


Fig. 1—Location of shaft and housing tolerances. Bearing bore tolerance 
is indicated by the zone KB; bearing OD is indicated by the zone 5B. Each 
shaft or housing tolerance zone (in color) is designated by a letter and a 
numeral. The letter locates tolerance zone in relation to nominal dimen- 
sion (lower case for shafts and capitals for housings), and the numeral 
gives the magnitude of the tolerance zone. 
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—0.0004 —0.0002 —0.0004 


+ 0.0003 
+0.0005 +0.0003 +0.0001 +0.0002 —0.0002 
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+ 0.0011 0 0007 


0 0 
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Bore Diam - 


(mm) . 
Ball Cylindrical Spherical 
Bearings Roller Roller 
Bearings Bearings 


All diam 


—Condition — 


All diam 


Inner ring to be easily displaced 
yn shaft. 

Inner ring does not need to be 
easily displaced on shaft. 


Stationary Inner All diam 
Ring Load 


All diam All diam 


up to 18 en 


Light and variable loads. Equiva- 
lent radial load less than 7 per 
cent basic dynamic capacity 


Rotating Inner 
Ring Load or 
Indeterminate 
Load Direction 


up to 40 
40 to 100 
100 to 200 


18 to 100 
100 to 200 


| 
| 


1388580 | Brac 


Normal and heavy loads. 
Equivalent radial load between 18 to 
7 and 25 per cent basic dynamic 100 to 
capacity. 140 to 65 to 100 
200 to 100 to 140 

— 140 to 180 

280 to 500 


up to sion 
up to 40 
49 to 65 


Very heavy loads with shock. 
Equivalent radial load is more 
than 25 per cent of basic dy- 
namic capacity. 











cases bearing type selection is influenced 
by the mounting design. 

Here are some factors that determine 
the suitability of a bearing type and its 
mounting design: 

1. Accuracy required. A 
spindle requires a more rigid mount 
than a roller skate. 

2. Rotational speed, because very high 
speeds require a rigid and accurate mount. 

3. Load requirements. The greater the 
loading, or shock, the better must be 
the mounting. 

4. Economics of construction and the 
ease of maintenance. 

Most applications require the use of 
more than one bearing on a single shaft. 


precision 
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Two identical bearings, or a combination 
of different types and sizes, may be used. 
Each combination of types has a different 
optimum mounting configuration. 

One thing which is common to all 
mounting configurations is the manner 
in which the inner and outer rings of 
the bearing are fitted to the housing 
and shaft. 


Fits and Clearances 


Operating conditions determine the 
choice of fit. If a ball or roller bear- 
ing is to function satisfactorily, both 
the fit between the inner ring and the 
shaft, and the fit between the outer ring 


and the housing, must be suitable for 
the application. 

Normally, one ring of a bearing is 
stationary with respect to the load. This 
is usually the outer ring, but there are 
many applications where the inner ring 
remains stationary and the outer ring 
rotates (wheel bearings, for instance). 
The rotating ring is usually fitted on 
the shaft or in the housing with a press 
fit. The stationary ring is usually fitted 
so that it is slightly loose to facilitate 
assembly and disassembly. The amount 
of looseness is kept as small as economic 
factors permit to keep down ring de- 
formation under load, and to increase 
the accuracy of rotor centering. 
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Tolerances for bearings are  stand- 
ardized; therefore, the desired fits can 
only be obtained by selecting the proper 
tolerances for the shaft diameter and the 
housing bore 


Standardization: Shaft sizes and toler- 
ances have also been standardized. Un- 
der the recognized system, there is a con- 
siderable choice of shaft and housing 
tolerances. The system, when used with 
standard bearings, will give any desired 
fit from the tightest to the loosest re- 
quired 

Each standard degree of tolerance is 
designated by a letter and a numeral. 
The capital letters are for housings and 
the lower case letters are for shafts. The 
letter code locates the tolerance zone in 
relation to the nominal dimensions, and 
the numeral, gives the magnitude of the 
tolerance zone. Fig. | graphically illus- 
trates the system, and Tables | and 2 
define the tolerances for some of the 
more commonly used bearing sizes. 

Selection of fit depends on the char- 
acter of the load, the bearing dimen- 
sions, the temperature conditions in the 
bearing, the heat expansion of the shaft, 
and the requirements for running ac- 
curacy. As a guide in the selection of 
bearing fit, Tables 3 and 4 list recom- 
mended fits for common applications 


Fits: Loading conditions for bearings 
can, and do, vary all over the map, but 
for the purpose of selecting fits for the 
bearing inner and outer ring, only three 


conditions are important. 


1. Rotating Inner Ring Load and Sta 
tionary Outer Ring Load: In this situa- 
tion, the shaft rotates with respect to 
the load, and the inner ring rotates with 
the shaft. The outer ring is stationary 
with the housing and the load. 

This is the most common case. For 
almost all conditions, this situation re- 
quires that the inner ring be press fitted 
on the shaft. The amount of interference 
required depends on the magnitude of 
the load and the bearing size. 

Two exceptions to this requirement 
exist. If the load is very light, or if 
the ring rotates only occasionally under 
a heavy load, the inner ring can be a 
loose fit on the shaft. In such a case 
the shaft should be of a hard material 
with a good surface finish. 

If the inner ring is not held tightly 
to the shaft with sufficient press fit, creep 
could occur. Creep is a slow turning 
of the inner ring with respect to the 
shaft. Creep takes place without out- 
right sliding between the surfaces. Since 
the inner ring is larger than the shaft, 
it moves around on the shaft, like a 
Hula-Hoop in slow motion, even though 
the difference of the two diameters is 
minute. 

Because of the small difference in diam- 
eters, relative turning speed is low. In 
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Conditions 


Split or one- Stationary outer Shock loads, temporary com- 
piece housing. ring load. outer plete unloading. 

ring displacable All loads. 

axially. 


Normal and light loads, loads 
under simple operating con- 
ditions. 

Shaft exposed to high tem- 
peratures, which are trans- 


ferred to bearing. 


Indeterminate Normal and ‘ight loads, axial 
load direction. displacement of outer ring 
desirable. 


One-piece Rotating outer Heavy bearing load, thin- 
housing. ring load, outer walled housing. 
ring not dis- Normal and heavy loads. 
placeable axially. 


Indeterminate Light and variable loads. 
load direction. Heavy shock loads. 


Heavy and normal loads, 
Axial displacement of outer 
ring not required. 


Applications re- Very accurate running, small 
quiring particu- deflection under light load. 
lar accuracy. Outer ring not displaceable. 
Very accurate running under 
light loads, indeterminate 
load. 
Very accurate running, axial 
displacement desirable. 


*Use P6 above 250 mm; M6 below 125 mm. 











spite of this, creep causes rapid wear of load, and the outer ring rotates with 
both shaft and bearing ring when the respect to the load. Wheel bearings are 
surfaces are dry and highly loaded through good examples. 
a process known as fretting corrosion. For bearings loaded in this manner, 
The only means by which creep can the fits used are just the reverse of 
be prevented is to fit the ring to the those loaded as defined in the first case. 
shaft so tightly that no clearance exists, The outer ring must be pressed on tight, 
and none can develop due to the ac- depending on the size of the bearing 
tion of the load. Thus, the heavier the and the magnitude of the load, and the 
load, the tighter the fit must be. Axial inner ring may be loose. 
clamping of the ring does not prevent 
creep of a loose ring unless the clamping 3. Indeterminate Load Direction: Some- 
force is many times higher than the times, the direction of the probable bear- 
radial bearing load. This requires a ing loads cannot be predicted. 
cumbersome clamping assembly. Under such circumstances, creep of the 
The outer ring of a bearing loaded in bearing rings can be prevented only by 
this manner can be installed with a tight fitting of both bearing rings. When 
loose fit. The limit for the permissible the bearing loads are very heavy and 
clearance between the ring and the shaft indeterminate, tight fits of both rings 
is determined by the required accuracy of are absolutely necessary. Frequently, in 
operation and the impairment of the these cases, bearings with internal clear- 
load distribution within the bearing due ance greater than normal must be used 
to ring deformation. Often, the outer so that the subsequent loss of clearance 
ring is made deliberately loose so that due to tight press fits does not adversely 
a small amount of outer ring creep oc- affect bearing operation. 
curs. This slow turning equalizes the In some cases with an indeterminate 
wear—bringing all parts of the ring un- load direction the loads are rather small. 
der stress. Then it is permissible to use a wring- 
ing fit for the outer ring of one or 
2. Stationary Inner Ring Load and Ro- both bearings to allow axial displace- 
tating Outer Ring Load: Here, the shaft ment. If the surface pressure between 
remains stationary with respect to the the ring and the housing is small, creep 
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Fig. 2—Tapered-bore bearing fixed on 
shaft with tapered sleeve. This par- 
ticular arrangement allows the bearing 
to be easily removed without the use 
of a puller. When the nut is loosened, 
the tapered sleeve can be driven into 
the recess in the shoulder ring, releas- 
ing the bearing. 


Nomenclature 


has no damaging effect. 

One special case exists. If the operat- 
ing conditions are such that the bearing 
is completely unloaded at certain in- 
tervals, loose fits must be avoided. If 
the load on a ring is zero, the friction 
on a loose fit surface is very low, and 
the ring will rotate due to the friction 
moment of the bearing. If a load is 
abruptly applied, the loose ring is stopped 
suddenly. This may damage the fit sur- 
faces. 


Tapered Bores: It is impractical to 
press fit a bearing ring over a very 
long shaft, so often a tapered sleeve is 
used between the bearing inner ring 
and the shaft. Tapered-sleeve arrange- 
ments require tapered-bore bearings. 

Bearings with a tapered bore sometimes 
require a somewhat tighter fit on the 
shaft than bearings with cylindrical 


Illustration 
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bores. This causes the inner ring to 
expand and reduces the bearing internal 
clearance. On some bearing types, such 
as cylindrical roller bearings, it is pos- 
sible to measure internal clearance direct- 
ly with a feeler gage. With these bear- 
ings, the amount of interference provided 
by an adjustable tapered sleeve can be 
deduced by measuring internal clearance. 

Fig. 2 shows the tapered adapter sleeve 
used in an application where the bear- 
ing must be easily removed. The bear- 
ing is axially located by a shaft shoulder 
ring. This arrangement makes it pos- 
sible to release the press fit by push- 
ing in the sleeve. 


Internal Clearance: Radial bearing clear- 
ance is the distance the inner ring can 
be displaced radially from one extreme 
position to the other in relation to the 
outer ring under a predetermined gage 


Equation 





= Constant, dme/D 
Constant, D/Dmn 
Nominal bearing OD, in. 
Mean OD of inner ring, in. 
Mean OD of housing, in. 


Nominal bearing-bore di- 
ameter (mean diam of ta- 
pered bore), in. 


Mean bore of outer ring, in. 
Outer ring temperature, F 
Housing temperature, F 
Inner-ring temperature, F 
Shaft temperature, F 


Coefficient of linear thermal 
expansion for bearing ma- 
terial, in./in./deg F 


Coefficient of linear thermal 
expansion for housing ma- 
terial, in./in./deg F 


Coefficient of linear thermal 
expansion for shaft mate- 
rial, in./in./deg F 


Interference between shaft 
and inner ring, or between 
housing and outer ring, in. 


Compression of outer-ring 
raceway diameter, in. 


Expansion of  inner-ring 
raceway diameter, in. 


Interference increase at the 
bearing OD due to thermal 
expansion, in. 


= Interference increase at the 
bearing bore due to thermal 
expansion, in. 
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Fig. 3—Shaft shoulder ring. When it is not possible to 
machine a shoulder on the shaft large enough to sub- 
stantially clear the bearing corner radius, a shoulder 


ring must be used. 


load. Axial clearance is the distance the 
inner ring can be displaced axially from 
one other in 
relation to the outer ring under a pre- 


extreme position to the 


determined gage load. 
As a 


mounted 


rule, internal clearance 
bearing should be very 
zero, just slightly positive. In 
ball bearings, a small negative clearance, 
or preload, usually has no damaging ef- 
fect. However, in roller bearings, which 
deflect far ‘ess load than ball 
bearings, a should be 


left to insure satisfactory performance in 


general 
in a 
close to 


under 


smali clearance 
normal applications 

All radial bearings are delivered with 
than the bearing 
have in In open bear- 
as tapered-roller bearings and 
ball bearings, 
clearance is de- 
In double- 


clearance 


a clearance greater 


should service 
ings, such 
single-row angular-contact 
the bearing’s internal 
termined by axial adjustment. 
row angular-contact bearings, 
is usually zero or just slightly above zero. 

Normally, 


supplied with 


rolling-element bearings are 


just the right amount of 


internal clearance so that with one bear- 
with an interference 


ing ring mounted 


Ability for 
Thrust 


Loads 


Retentior 
Method 


Best 


Fair 


Bolted assemblies 
Snap rings 

Roller staking Fair 
Point staking Fair 
Ring swaging Good 


Cementing Fair 








Fig. 4—Typical shaft fillets. 
Shafts are easiest to grind with the relieved fillet. 


machine. 





A blended fillet is easiest to 


An elliptical fillet is difficult to machine or grind. 


fit, the operating clearance is adequate. 
Bearings with special clearance are not 
necessary except for unusual operating 
conditions. 

If radial and axial shaft displacement 
must be held to very close limits, a 
bearing with reduced internal clearance 
may be necessary. When severe operat- 
ing conditions require an extra-tight fit 
for the inner ring, when both rings must 
be press fitted, or when thermal expansion 
of the inner ring is considerably more 
than the outer ring, a bearing with in- 
creased internal clearance may be required. 

Methods of calculating the expansion 
or contraction of the bearing rings due 
to press fit, and the resulting clearance 
loss, are given in Table 5. 


Shoulders: Inner rings that have cylin- 
drical bores and that are tightly fitted 
on their shaft seats are, as a rule, lo- 
cated against a shoulder. Recommended 
shoulder dimensions are usually given in 
manufacturer’s bearing tables. 


The shaft shoulder diameter should be 


Ease of 


Installation 


Axial 


Looseness 
Fair Poor 
Good 
Good 
Fair 


Best 
Px or 


Fair 


Fair 


Fair 
Poor Fair 


Good 


Good 


Good Fair 


Simplicity 
of Design 


Good 
Good 


large enough to provide a good contact 
against the flat side surface of the inner 
ring. However, the diameter should not 
be so large that the shoulder can inter- 
fere with bearing shields or cages. In 
some cases, the desired shoulder diameter 
cannot be obtained on the shaft. A 
shoulder ring must then be used, Fig. 3. 

Since bearing inner rings are pressed 
onto shafts, provisions must be made for 
bearing removal. Bearing pulling tools 
usually grip the outside edge of the 
inner ring, so the shoulder should be 
small enough that the inner ring can 
be gripped by a puller. If the shaft 
shoulder next to the bearing must be as 
large as, or larger, than the bearing 
inner-ring OD, it is necessary to pro- 
vide special means to remove the ring. 
This can be done by cutting slots in 
the shoulder so that the fingers of the 
puller can reach the ring through the 


slots. 


Fillets: Since the bearing inner ring 
is usually seated against a shoulder, some 


Removal and 
Replacement 


Good 
Best 
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Fig. 5 — Typical es 
mounting. Inner ring is pres: 
on to shaft, then held in place 
with threaded nut. Ring nut is 
held by lock washer. Stand- 
ards have been written to cover 
this type of mounting. 


Fig. 6 — Removable tapered- 


























A 


sort of fillet is necessary at the base 
of the shoulder to allow a good fit. 

An undercut, or relieved fillet, is the 
least expensive, Fig. 4. An undercut 
allows expeditious grinding or machining 
of the bearing seat. A fillet which is 
easily machined, but which is difficult 
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sleeve adapter mounting. Stand- 
ards have been written which 
cover this type of mounting. 


Fig. 7—Bearing inner ring retained 
by piloted nut. This mounting can 

used where squareness of the 
inner ring is a prime requirement. 
Nut is held in position by set screw. 


Fig. 8—Bearing inner ring retained 
by washer and cap screw. This 
mounting is recommended where it is 
undesirable to thread the shaft. 


to grind, is the blended fillet. The 
blended fillet is better than the under- 
cut from a stress-concentration standpoint, 
but the best in this respect is the ellipti- 
cal fillet. The elliptical fillet is only 
necessary in heavily loaded applications 
where the neck stress is critical. 
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Bearing Retention Methods 


The most conventional method of bear- 
ing retention is the press fit. However, 
installing an inner ring on a shaft with 
an interference fit (for those applications 
where the inner ring rotates with re- 
spect to the load) is not always suf- 
ficient for positive location of the bear- 
ing. It is generally necessary to use an 
auxiliary device to clamp the inner ring. 
When a bearing is mounted to resist 
a thrust load, and the thrust load never 
reverses direction, clamping is unneces- 
sary if a firm press fit is employed, 
providing that thrust is taken by a shaft 
shoulder. Even here, however, some kind 
of retaining device is desirable to en- 
sure that the ring will not work away 
from the shoulder under vibration. It is 
almost always necessary to use some de- 
vice to clamp the outer ring. 

There are many different methods of 
bearing retention, and all of them have 
certain advantages which qualify them 
for different types of applications. Rela- 
tive merits of each method can best 
be illustrated by comparison with the 
primary requirements of a retention meth- 
od, Table 6. 

Two of the most common methods 
of clamping bearing rings are bolted 
assemblies and threaded rings. In gen- 
eral, these two methods are best for 
heavily loaded bearings. 


Fig. 9—Bearing outer rings clamped 
by end cap. End cap should have a 
lip which extends into the housing for 
centering purposes, especially where 
a seal is an integral part of the cap. 
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Threaded Rings: Standards have been 
established by the Antifriction Bearing 
Manufacturers Association (AFBMA) 
which threaded shafts, threaded 
clamping rings, and lock washers, Fig. 5. 

A tab in the bore of the lock washer 
engages a slot in the shaft, and after 
the clamping ring has been installed 
and tightened, one of the tabs on the 
periphery of the washer is bent over 
into one of the wrench slots in the nut 
OD. Another clamping method which 
has been standardized is shown in Fig. 6. 
Here, a removable sleeve is used to give 
an interference fit to the shaft, yet per- 
mit removal of the bearing by a separate 
removal nut. 

Where extreme precision is essential, 
the clamping face of the nut must be 
square with the axis of the shaft. In 
such cases it is often advisable to use 
a piloted nut, Fig. 7. This nut should 
be an easy fit on the threads to prevent 
binding where the ground, piloting bore 
of the nut fits over the shaft. The 
length of the piloting surface of the nut 
should be at least the length of the 
threads, 

The clamping method shown in Fig. 8 
may be used in certain instances where 
it is not desirable to thread the shaft. 
The washer should be thick enough to 
keep down dishing, since this would re- 
surface between the 


cover 


duce the contact 
washer and the bearing race. A _ lock- 
washer placed under the head of the 
screw will assist in keeping the assembly 
tight 


Bolted Assemblies: The traditional meth 
xl of mounting an antifriction bearing 
is to press the inner ring into place, 
and hold it with a locknut; then the 
outer ring is clamped by an assembly 
bolted to the housing 

Where it is 
locating shoulder in a bearing housing, 


possible to machine a 


the clamping of the bearing is a rela- 
tively simple matter ‘he clamping mem 
ber is best made with a narrow pilot 
flange fitting into the housing bore, Fig 
). This pilot flange is very important 
when the clamping piece must also act 
as a closure about the shaft extension, 
for in that case it centers the closure 
with respect to the shaft and prevents 
possible rubbing or interference between 
the tw 


ball bear 


ings and tapered-roller bearings require 


Single-row angular-contact 
a different method of securing, one which 
permits an axial displacement of one of 
the rings for the purpose of bearing ad 
jusument. Usually the axial adjustment is 
made on the inner ring, and an ordinary 
lock washer will not do the job since 
the nut can only be tightened enough 
to bring the races in contact. This is 
not enough load on the nut threads to 
prevent loosening. Either two nuts, with 
a lock washer between them, or one 


nut and lock washer with an extra washer 
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Fig. 10—Bearing outer ring held 
between end cap and retaining ring. 
Bearings are available which have 
a retaining ring groove already 
machined in their outer rings. 





Fig. 11 — Single-bearing 
mount for pulley. Outer ring 
is a light press fit on the 
pulley; inner ring is a rela- 
tively loose fit on shaft. In- 
ner ring is clamped by action 








of nut on end of shaft. This 
is a perfectly satisfactory ap- 
plication as long as misalign- 
ment moments on the pulley 
are low. 
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Fig. 12—Two types of double-row angular-contact bearings. 
Bearing on — because of diverging lines of action, has less 


deflection under misalignment moment. 


Bearing on left can 


be used where a certain amount of self-aligning is required 


in a mount. 
mount is required. 


placed between the bearing ring and the 
lock washer, is used. For lightly loaded 
applications, however, an ordinary lock- 
nut with a tanged lockwasher is satis- 
factory. 

Single-row angular contact ball’ bear- 
ings can be obtained with parallel side 
faces, so that a normal internal clearance 
is established when the two faces are 
flush. Such bearings do not have to be 
axially adjusted when mounted in duplex, 
but the rings must be clamped together. 


Bearing on right can be used where a rigid 


This same thing is true with type TNA 
tapered-roller bearings, which have the 
correct internal clearance when the two 
rings are clamped together. 


Retaining Rings: A certain amount of 
clearance is required in a retaining-ring 
groove. Also, there is a necessary tol- 
erance in the location of the ring groove 
and the width of the bearing. These 
factors make end play in a retaining- 
ring, or snap-ring, assembly inevitable. 
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For this reason, retaining-ring applications 
are limited to designs having little or no 
thrust load, even though the rings have 
a high shear strength. 

The retaining-ring groove is often 
placed in the housing, Fig. 10. Some 
bearings can be obtained with a snap- 
ring groove, or an integral flange, on 
the OD of the bearing. 


Other Retention Methods: Besides those 
methods given, bearings can be retained 
by staking, swaging, and cementing, Table 
7. These methods are used more often 
for small bearings in lightly loaded ap- 
plications, especially those used in ap- 
plications with a high enough production 
volume to justify tooling costs. 


Single-Bearing Designs 


The use of one bearing to provide 
the sole support for a rotating part is 
entirely feasible in a great number of 
instances. The principal field for the 
single-row one-bearing mount is, for 
pulleys, or for rollers or cam followers 
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Fig. 13—Single bearing mount for lathe live center. 


Extreme 


accuracy is obtained by grinding the nose of the center after 


assembly. 


of small or medium diameter that operate 
under radial loads. Where the bearing 
will be exposed to misalignment forces, 
a double-row bearing is often satisfactory 
in a single-bearing mount. 


Single Row: Such bearings as the stand- 
ard single-row radial, Conrad, or non- 
loading-groove type can be used in single- 
bearing mounts where loads are moderate 


and a limited amount of rock or mis- 
aligning motion in the bearing is of no 
consequence. A typical application is the 
pulley, Fig. 11. 

Bearings with standard internal dimen- 
sions are normally satisfactory when ap- 
plied in this manner. They are usually 
mounted on the stationary shaft with 
a line-to-line fit, or with 0.0001-in. in- 
terference; and in the pulley with a 


Fig. 14—An application where a heavy-duty herringbone gear set is held 


by four bearings. Shaft on top has a fixed-floating mount. 


The shaft is 


fixed axially by the tapered-roller bearing on right, and the shaft is allowed 


to float in the cylindrical-roller bearing on the left. 


The bottom shaft has 


a floating-floating mount, and the herringbone gear is the only thing which 
provides axial restraint. 


Floating- 
Float ng , 
Shoft A\ 


| 
’ 
’ 
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Fig. 15—Direct-mounted tapered-roller bearings in an op- 
posed configuration. When direct mounted, the loading 
center of tapered-roller bearings falls between the 


bearings. 





a= 


























Fig. 16—Indirect-mounted tapered-roller bearings in an 
opposed enetiguntion, When indirect-inounted, the load- 


ing center oO 
bearings. 


tapered-roller bearings falls outside the 
This is a more rigid mount than the direct 


mount, but housing and shaft configurations are a little 


more complicated. 


Under these condi- 
tions the bearings average about zero 
internal play and the misaligning motion 
allowed is very small. If a more rigid 
mounting is desired, a bearing with less 


very light press fit. 


internal clearance can be employed to 
give a light radial preload when mounted 


Double Row: If a double-row bearing 
is correctly applied in a single-bearing 
mount, resistance to coc king misalignment 
can equal that obtained in many two- 
bearing mounts. 

When used in a single-bearing mount, 
the internal construction of a double- 
row bearing is of great importance. When 
the bearing is made so that the angles 
of contact between balls and raceways 
converge toward the center of the bear- 


ing inner race, much less resistance to 
misaligning loads is obtained than when 
they are made to diverge, Fig. 12. Double- 
row, single-bearing mounts are often used 
for the live centers on machine tools, 
Fig. 13. 

The outer ring of the bearing should 
be a light press fit in the rotating 
housing. The inner ring should have 
from a line-to-line fit to a 0.0001]-in. in- 
terference press fit on the shaft. This 
does not complicate disassembly, since 
a bearing of this type can be pulled 
by the inner or outer ring without dam- 
age, if light fits of this order are em- 
ployed. 


Two-Bearing Designs 














Axial Deflection 





























Axial Lood 


There are three basic mounting meth- 
ods for supporting a rotating member 
on two antifriction bearings: 


1. Fixed-Floating: One bearing is 
clamped with respect to the housing 
and shaft and the other bearing is free 
to float axially, Fig. 14. The fixed bear- 
ing must be able to support thrust loads 
from either direction. 

A floating mounting may be either in- 
ternally floating or externally floating. 
An internally floating bearing permits 
limited axial translation between the 
shaft and housing by sliding motion at 
the contact point of the rolling elements. 
Typical of these bearings are needle 
bearings, journal roller bearings, and some 
kinds of cylindrical roller bearings. 


A 
4A 


Fig. 17—Deflection curve for single-row angular-contact 
ball bearings. Curve rises steeply for low axial loads; 
as loads increase the curve flattens out. 


Fig. 18—Adjustable mounting for tapered-roller bearings 
Amount of preload is controlled by a lock nut and an 
extra washer. 
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| Housing bore 
; froadius plus 4 


—— 








0.005 
0.000 
before staking 


—O)5min— 


Roller Staking 


A filleted and circular depression is pro- 
duced by rotating 2 staking tool in a 
drill press while the rollers or wheels 
of the staking tool are in contact with 


= Housing bore _. 
rodius plus 
0045 -0.055 


Equally spaced 
depressions 


! 
a 
r ¢ t 0023 
woe Ut. 0.017 
- — 0.100 
a — 010min 
Ball-Point Staking 


Steel balls in the face of the tool cause 
circular depressions when forced against 
the bearing housing, thereby causing a 
flow of metal over the bearing ring. 
Depressions are spaced circumferentially 


Punch 


Color guide 
0.050 


! 
‘ Vy (housing 
©  shoft) 


0045 
0.035 
Dim. A-W,,,,--“22. + 0.062 QO7F 


Dim. He Wnox + 0062 8965 


~—-< 


Ring Swaging 


A soft aluminum-alloy ring is pressed 
or forced into a groove, which is either 
on the shaft or in the housing bore, in 
such a way that’ the bearing is prevented 
from moving by the ring. This method 
is used for carrying thrust loads in more 
or less permanent installations. Positive 


I Housing 


i 
Housing bore diam 
(D)=Max bearing 
OD plus 0.004 





004 
(min) 
+0.000 
—0.001 





Joint area = 77 OW 





Cementing 


Bearing seat in housing is made slightly 
larger than the bearing, or else bore is 
made regular size and grooves are cut 
to hold cement. Epoxy cold or thermo- 
setting resins are used. The bonded joint 


0055 radius 


the housing surface. This causes a flow 
of metal from the housing over the 
outer race of the bearing. Two configura- 
tions of depressions are used, depending 
on whether the retained bearing is self- 
aligning or not. On self-aligning bear- 
ings, use 0.035 to 0.040 in. for dimension 
A, and 0.020 to 0.030 in. for dimension 
B. On other bearings, use 0.045 to 0.055 
in. for dimension A, and 0.005 to 0.105 
for dimension B. Roller staking is ap- 
plicable for use with wrought or cast 
aluminum housings, and also with mag- 
nesium and steel alloys, provided the 
steels are not heat treated to strengths 
above 145,000 psi tensile. As a general 
rule of thumb, the allowable thrust 
capacity, in pounds, is 333 times the 
béaring OD in inches for aluminum and 
steel housings, and 165 times the bearing 
OD for magnesium. 


around the bore of the housing, usually 
about % in. apart. Thrust carrying 
capacity is considered to be 53 Ib per 
depression. Dimension A is 0.015 to 0.025 
in. for bearings with an OD up to 0.750 
in. For bearings with OD’s from 0.750 
to 1.625 use 0.025 to 0.035 in. for dimen- 
sion A. For OD’s from 1.626 to 5.0 in. 
use 0.035 to 0.040 in. for dimension A. 
Bali-point staking is limited to wrought 
aluminum and steel alloys provided the 
steel is not heat treated to strengths 
greater than 145,000 psi tensile. Cast 
alloys do not have sufficient ductility 
to prevent radial cracks within the de- 
pressions. This method can be used on 
steels with a tensile strength of 145,000 
to 200,000 psi if spherical-end carbide 
projections are used to form the depres- 
sions instead of 4 in. steel balls. 


C- Bearing outer race chomfer 
or clearance radius 


W- Bearing outer race width 


Chamfer 45° x etehte 


. xe—Dia req'd. 


, yy ___. +} =0032 
os fs 
Ore 


Ring dimensions before swaging 


1100-0 or 3003-0 aluminum alloy 


contact is assured between the ring and 
the bearing, thus eliminating end play. 
Ring swaging is not limited to any par- 
ticular material or condition. Disad- 
vantages of this method are: 1. Difficult 
to remove 2. New ring required for 
each replacement. 3. Danger of cracking 
the housing when forcing the ring into 
the groove. 


«Housing 








| 
Groove dia (D)= 
Mox bore diam 


Diam for normal 
bearing fit 


‘ 3 equal spaces 
Joint crea = 2W 77D 





is good in shear and fatigue, provided 
quality control is careful. Surfaces should 
be chemically clean. The timit design 
shear strength of the joint is 450 psi, 
based on the area of the joint where ce- 
ment is in contact with the bearing ring. 


plus 0.010*2OR5 
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8—BEARING MOUNTING 


Bearings that can resist thrust loads 
from either direction may be used as 
floating bearings by mounting either the 
inner or outer ring with a clearance fit 
so that the entire bearing may move 
with respect to the mating member. 

The fixed-floating mounting arrange- 
ment is extremely desirable where unequal 
thermal expansion of the shaft and hous- 
ing is anticipated. This mounting allows 
relative axial expansion of the shaft with 
respect to the housing to occur with- 
out creating thrust load between the bear- 
ings of the mounting. The fixed bear- 
ing should be located at the end of 
the shaft where axial location is most 
important. 


2. Floating-Floating: Both bearings of 
the mounting are free to float axially 
and neither can support thrust. Axial 
location must be accomplished by means 
other than the bearing. 

A floating-floating mount can be made 
of two bearings which normally can ab- 
sorb thrust loads. In this application 
they are used with their outer rings 
floating in the housing. If thrust loads 
are not present, no provision for absorb- 
ing thrust loads is required, provided the 
outer rings are fitted to a close push 
fit. The friction of the two bearing 
outer rings in the housing is enough to 
restrain the shaft in its normal position. 

Two cylindrical-roller bearings like type 
RA (one ring separeble in either direc- 
tion) cannot be used for floating-float- 
ing mountings where there is no other 
device to position the shaft axially. Even 
if possible thrust loads are light, some 
means of locating the shaft axially must 
be used. In the mounting arrangement 
shown in the lower part of Fig. 14, for 
instance, the herringbone gear is capable 
of absorbing any light thrust loads that 
may occur. 

If there are no thrust loads on a 
shaft, two cylindrical-roller bearings can 
be used if one or both of the bearings 
is of the type where the rings are not 
separable. These bearings are capable of 
carrying some thrust load, and will hold 
the shaft between the bearings. When 
these bearings are applied in this manner, 
of course, it is no longer a floating- 
floating mount. They will work satis- 
factorily in applications where thrust 
loads are light and infrequently applied, 
but they will not bear appreciable thrust 
loads. When a thrust load is applied 
to these bearings, it is carried by slid- 
ing contact between the ends of the 
rollers and the lips on the inner and 
outer races, so that the bearing is not 
functioning as a rolling-element bearing. 


3. Opposed: Each bearing is mounted 
so that it will resist thrust in one direc- 
tion. The direction of thrust support 
is opposite for the two bearings of the 
mounting. This is the normal mounting 
for single-row angular-contact ball bear- 
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Fig. 19—Two single-row radial ball bearings on a floating- 
This type of mounting would normally 
call for bearings of standard internal clearance, applied to 
the shaft with a firm press fit, even though the imposition 
of thrust from either direction would tend to keep the 


floating mount. 


floating mount. 


bearings securely against the shaft shoulders. 











ings, and also single-row tapered-roller 
bearings. 

There are two methods of mounting 
bearings in the opposed configuration, 
sometimes called the direct and indirect 
methods. In the direct method, Fig. 15, 
the pressure centers of the bearings fall 
outside of the two bearings. With the 
indirect method, Fig. 16, the bearing 
loading centers fall between the bearings. 

The indirect method is used for wheels 
and similar applications where a maxi 
mum of stability must be provided in a 
minimum of width The direct mount- 
ing has advantages in mounting costs, 
since the housing and shaft configurations 
bearing 


are not as critical regarding 


alignment. Direct-mounted bearings are 
used in machine-tool gear boxes, pillow 
blocks, journal boxes, and so forth 
Opposed mountings of single-row ta- 
pered-roller bearings are assembled with 
a few thousands axial play; single-row 
radial or angular-contact ball bearings are 


usually slightly preloaded at assembly 


Preloading: Many times the life of a 
machine and the accuracy of the work 
it performs depends upon the fixity, pre- 
cision, and permanence with which shafts, 
spindles, and other moving parts are 
centered 

All materials obey Hooke’s laws, and 
deflect under loads. Rolling-element bear- 
ings are no exception, even though the 





for average shafts. 
ably close axial location, and the floating bearing avoids any 
possibility of cramping. 

















Fig. 20—Two single-row radial ball bearings in a fixed- 


is is the most commonly u mounting 


The clamped bearing provides reason- 


Fig. 21—Two single-row radial ball bearings in 
a fixed-fixed mount. 
bearings, and the length of the housing sleeve 
which separates the bearings is closely controlled 
so that the ball bearings are preloaded. This 
causes the bearings to assume a contact angle, not 
as much as a regular angular-contact ball bearing, 
but enough to increase axial rigidity. This also 


are loose-clearance 


increases the firmness of radial centering. 


elements of ball and roller bearings are 
extremely hard. With ball and roller 
bearings, however, there is one method 
of cheating Hooke’s law. 

The deflection curve of a ball bear- 
ing under axial load rises steeply at 
first, then flattens out slightly, Fig. 17. 
By applying an artificial preload to a 
ball bearing it is possible to move its 
range of performance up on the flat 
part of the curve. 

This is usually done by mounting two 
bearings capable of thrust loads on a 
single shaft so that the shaft is stretched 
or compressed between them, loading 
the bearing, Fig. 18, and holding the 
amount of preload by a lock washer. 
tapered-roller bearings are 
loaded by a lock nut. This is an unusual 
case, since tapered-roller bearings are 
Bearing preload can 
be obtained by axial adjustment during 
preadjusted 


Here, two 


rarely preloaded. 


mounting, by the use of 
bearings, or by the use of springs. 

Preloading usually does not adversely 
affect bearing life. As a matter of fact, 
a certain amount of preload increases 
the life expectancy of bearings in some 
mounting configurations. Preloaded bear- 
ings are often used for bearings which 
may be subjected to light or variable 
Skidding and smearing of 
contact areas is apt to occur under 
those circumstances, and preloading elimi- 
nates this tendency. 


thrust loads. 


In practically all bearings where a pre- 
load may be used to increase rigidity, 
the amount of preload is small com- 
pared to the maximum thrust capacity 
of the bearing. Also, preloaded bear- 
ings are usually arranged so that the 
working thrust load, when applied, re- 
lieves the preload in one bearing, leav- 
ing it with a smaller total load. The 
working load usually has both radial 
and thrust components, and by relieving 
part of the thrust load on the bearing 
with the heaviest radial load, an _ in- 
creased life can be expected from the 
bearing set. 


Single-Row Radial Mounting: Where 
both radial and thrust loads are moderate, 
and axial location need not be sharply 
defined, two single-row bearings may be 
used with a floating outer ring. The 
bearings are mounted with a close push 
fit in the housing, and a small clear- 
ance is left between the bearing outer 
rings and the closure caps, Fig. 19. Total 
axial clearance need not be more than 
enough to cover ordinary machining er- 
rors and to allow for the possibility of 
increase in shaft length. In most cases 
a clearance of 0.010-0.015 in. is ample. 
No shoulders are required in the hous- 
ing, and no lock nuts are required on 
the shaft. 

If the shaft is short, and the housing 
and closure caps are carefully machined, 
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Fig. 22—Two rigid bearings mounted on a single shaft. 


Very ac- 


curate housings, bored straight through without taper are essential 


to such a mounting. 


the shaft can be restricted axially to an 
amount quite close to the mounted end 
play of the bearings. In most instances, 
however, it is preferable to use a fixed- 
floating mounting, Fig. 20. 

The clamped bearing is usually the 
one nearest the parts whose running 
clearances are most important. Whether 
or not the floated bearing is clamped on 
the shaft depends on the tightness of the 
shaft fit and the magnitude of the radial 
load. Clamping effect on a lock nut 
will not prevent slippage in loosely fit- 
ting rings; it will only prevent the ring 
from moving away from the shoulder. 

In each method of applying single-row 
radial bearings, avial shaft positioning 
is determined by the mounting design, 
while the degree of radial rigidity ob- 
tained is usually dictated by the internal 
clearance of the bearings selected. 


Radial Bearings, Opposed: A preload 
can be applied to single-row radial ball 
bearings to give an _ increased radial 
rigidity and better axial location of the 
shaft. This requires bearings made to 
internal 
Then, when the bearings are press fitted 


on the shaft, some internal radial clear- 


looser clearance _ specifications. 


ance still exists. To develop a preload, 
the rings are moved axially a small dis- 
tance, placing the balls and raceways in 
firm angular contact. 

The axial displacement 
get the preload may be obtained by add- 


required to 


ing shims under the end caps, or by 
moving in the outer ring of the bear- 
ings with the end caps a predetermined 
distance, established by a spacer ring 
between the bearings, Fig. 21. The most 
requirement of this type of 
mounting is to ensure that the spacer 
length is correct; that it is long enough 
not to cause more axial displacement 


essential 


than is necessary to achieve the re- 
quired rigidity. 


Two Double-Row Bearings: When a 


shaft subjected to definite thrust loads 
is located by a preloaded double-row bear- 
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ing, usual practice is to use a float- 
ing bearing or a bearing with a float- 
ing mount at the other end of the shaft. 
This allows the shaft to grow with 
thermal expansion, and reduces shaft 
alignment problems. 

In very rare instances, however, it may 
be necessary to use two preloaded doubie- 
row bearings on one ghaft because of 
their very rigid nature. This makes 
possible increased radial rigidity and ca- 
pacity. Unfortunately, two double-row 
bearings cannot be mounted on one shaft 
without problems. 

Usual mounting fits have the effect 
of increasing the preload and resistance 
to misalignment. Therefore, tolerances 
cf bearings made to standard specifica- 
tions, and tolerances normally allowed in 
machining the housings, can combine to 
produce undesirable loads in the bearings. 
These bearings are wide enough, and 
rigid enough, that any out-of-line or 
out-of-parallel in the housings will cause 
the bearings to deflect the shaft, caus- 








8—BEARING MOUNTINGS 


ing high loads in both the shaft and 
bearings. 

The use of precision specification bear- 
ings, with the housing and shaft finished 
accordingly, can result in a highly satis- 
factory two-bearing double-row mount, 
Fig. 22. If thrust loads are moderate, 
and a high degree of precision in finish- 
ing the housing and shaft is impracti- 
cal, self-aligning spherical-roller bearings 


should be used. 


Multiple-Bearing Designs 


In spite of the fact that three or more 
bearings are very difficult to align, in 
some cases more than two bearings must 
be used to bear the loads involved, Fig. 
23. In these cases, self-aligning bearings 
are practically a necessity. However, the 
self-aligning characteristics of these beat- 
ings should not be abused. Radial and 
thrust capacity on most types of self- 
aligning bearings decreases as misalign- 
ment increases. Shafts should still be 
made as rigid as possible, and housings 
as accurate as cost factors permit. 

Mounting and retention methods for 
self-aligning bearings are essentially the 
same as those used for other bearings. 
One bearing ring should be pressed into 
place; the other can be slightly loose. 
Like all roller bearings, spherical-roller 
bearings are more susceptible to troubles 
caused by a loss of internal clearance 
than ball bearings. For this reason, the 
amount of press fit used on the bearing 
rings should be carefully controlled. 


Housings 


Housings should be of a nonsplit de- 
sign. Cast-iron or steel housings should 
be heat treated to lessen internal stress 
and distortion. It is preferable to mount 
all bearings of a shaft in one casting, 
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Fig. 23—Multiple bearings mounted on a single shaft. Even 
though multiple bearing mounts are difficult to align, some appli- 
cations are so heavily loaded that more than two bearings are 


absolutely necessary. 


The best remedy is to use self-aligning 


bearings, as on this power-shovel winch. 





DESIGN DATA 


in which case all bores can be finish 
machined with one setting. 

Wherever possible, it is best to design 
a housing so that the radial load placed 
on the bearing is transmitted as directly 
us possible to the wal! or rib supporting 
the housing. Diaphragm walls connect 
ing an offset housing to the main wall 
or side of a machine are apt to deflect 
inless made thick and well braced 

Care should be used when assigning 
dimensions and tolerances to housings 
Where housings are deep, and consider 
able overhang of the boring tool is re 
juired during finishing, there is a tend 
ency to ‘ » out-of-roundness and 
taper. Surface finish is important, too 
In a roughly bored housing there is a 
possibility that the ridges of metal caused 
by machining will peen down under 


load, thu 


too loose for the bearing outer ring. 


eventually resulting in a fit 
Where it is necessary to resort to a 
split housing, the bearings should always 
be fitted to a sleeve, and the sleeve 
should be fitted to the housing The 
sleeve should not be clamped between 
the housing halves. for the purpose of 
this sleeve is to prevent cramping or 
pinching of the bearing. Some means 
other than clan ping is used to locate 
the sleeve axially. Even where the sleeve 


bh let } 1 
nas a relatively thick section, an out 


Fig. 24—Sometimes parts which 
are mounted on the shaft must pass 
through the bearing seat in the 
housing during assembly. If these 
parts are larger than the OD of the 
bearing, an adapter sleeve must 


be used. 


f-round condition of the housing may 
still affect the bearing if the fits are too 
tight. 

Often, other parts are fitted on a 
shaft before it is assembled. Then, dur- 
ing installation of the shaft in the hous- 
ing, it is necessary for these parts to 
pass through the bore of the bearing 
seat. Sometimes the bore of the bear- 
ing seat, to accommodate a bearing of 
the proper size, is smaller than the parts 
fitted on the shaft. This problem can 
usually be solved by the use of a simple 
The sleeve should 


adapter sleeve, Fig. 24. 

be a light tap fit in the main housing, 
. 

and should have its bore and OD finished 


as parallel as possible. 

Bearings are difficult to press into 
aluminum or magnesium housings, or 
onto shafts made of these materials. This 
is due to the shearing and galling which 
the hard bearing ring is apt to cause in 
the soft material. A good solution is 
to fit a thin steel insert into the hous- 
ing. Then the bearing can be installed 
with a standard press fit. A steel insert 
also decreases the tendency of a bearing 
to be pounded out in service, or to be 
loosened by thermal expansions and con- 
tractions 

If a steel insert is not possible, and 
the bearing must have an_ interference 
fit, a press fit of 0.0010 to 0.0015 in. 


per inch of OD can be used for alumi- 
num housings, and a press fit of 0.0015 
to 0,0020 in. per inch of OD can be 
used for magnesium. To accomplish the 
assembly operation, the bearing rings 
should be contracted by freezing, or the 
housing expanded by heating, or both. 
The bore of bearing housings should 
be finished to 100 microinches or better, 
unless the bearing wiil float in the 
housing. In this case, the bore surface 
should be 70 microinches or better. 


Shafts 


Deflection of shafts is an important 
consideration in bearing application, since 
excessive deflection places an overturn- 
ing moment on the bearings. Excessive 
deflection is usually the result of im- 
properly designed or undersized machine 
parts. 

Where shafts are comparatively long, 
the diameter between bearings must be 
great enough to properly resist bending. 
In general, the use of more than two 
bearings on a single shaft should be 
avoided, owing to the difficulty of se- 
curing accurate alignment. With bear- 
ings mounted close to each other, this 
can result in extremely heavy bearing 
loads. 

A ground shaft finish of 50 micro- 
inches is recommended. If the shaft bear- 
ing seat cannot be ground, it should 
be machined to 100 microinches maxi- 
mum and a heavier interference fit than 
normal should be used. The shaft should 
also be round, free from nicks and burrs, 
and for straight-bore bearings, free from 
taper. 

When tapered shafts are used, a ground 
finish of 50 microinches or better is re- 
quired. If a tapered sleeve is used over 
a shaft, and the bearing is mounted on 
the tapered sleeve, finishes can be much 
rougher. Commercial grades of cold- 
finished shafting can then be used with- 


ut machining. 
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PLAIN BEARINGS 


Selection of . 
Plain Bearings 








HE bushing-type journal bearing is 

available in standard proportions and 
in a wide range of sizes and bearing mate- 
rials. There are, in addition, many spe- 
cial sliding bearings which have been de- 
veloped for applications where standard 
cylindrical bushings are not suitable. The 
purpose of this chapter is to provide a 
basis for selecting either a standard bush- 
ing design, or one of the more specialized 
bearing types. 


Hydrodynamic Lubrication 


Correct selection of a sliding bearing 
requires an adequate understanding of 
how hydrodynamic forces are generated, 
and the principal ways in which they can 
be created and controlled. 

Hydrodynamics is the science of fluids 
in motion, and two phenomena are im- 
portant: Effects due to inertia, and effects 
due to internal friction. In all except ex- 
tremely high-speed bearings, the effects 
due to inertia are negligible. The phe- 
nomena resulting from internal friction in 
the fluid, on the other hand, form the 
basis for successful operation of all slid- 
ing bearings in which an oil film sepa- 
rates the moving parts. Only bearings re- 
lying on rubbing and on boundary lubri- 
cation are excepted. 

Internal friction of a fluid is usually 
expressed as its viscosity. Viscosity is the 
resistance of a fluid to shear. If a plate 
with surface area A, Fig. 1, is separated 
from a fixed piate by a layer of ordinary 
fluid of thickness h and is moved at 


U 


Fig. 1—Schematic representation of vis- 
cous flow. 
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Fluid entry—»— 


Tapered shoe 
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velocity U, the force due to the viscosity 
of the fluid resisting motion is 


AU 


BL 
h 


where w is a constant of proportionality 
called the coefficient of friction. In the 
English system of units, the coefficient of 
viscosity is expressed in reyns, lb-sec per 
sq in. Oil viscosities normally range from 
1 x 10-* reyns to 3 x 10-° reyns. 

In a hydrodynamic-type bearing, two 
moving parts are separated by a film of 
fluid under sufficient pressure to maintain 
the separation under whatever loads are 
imposed. The pressure results from the 
resistance of the fluid (due to its internal 
friction, or viscosity) to flow out of con- 
verging spaces into which it is forced by 
the relative motions of the moving parts. 
This same fluid resistance results in the 
generation of heat, which must be removed 
by conduction through the bearing parts, 
or by heating of the fluid passing through 
the bearing. 

The pressure in a fluid-film sliding bear- 
ing, such as the tapered-shoe thrust bear- 
ing, Fig. 2, is generated because more 
fluid can enter the forward edge of the 
shoe than can leave the smaller exit area 
at the rear edge. Thus, fluid pressure is 
generated between the bearing surfaces, 
causing the surfaces to remain separated. 
The pressure will increase with an increase 
in the viscosity or an increase in the rela- 
tive velocity of the shoe. 

For journal bearings, Fig. 3, the shaft 
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Fig. 2—Sketch illustrating operat- 
ing principle of a tapered-shoe bear- 
ing. More fluid can enter at forward 
edge of shoe than can leave at rear 
edge, due to smaller exit area. 
Thus, fluid pressure is generated 
between the bearing surfaces, forc- 
ing shoe away from the stationary 
bearing surface. 


seeks an eccentric position under load and 
a film, tapered in the direction of motion, 
is created. Fluid pressures are again gen- 
erated in the film by the resistance to 
outflow of the oil dragged into the con- 
verging space by the relative motion of 
the bearing parts. . 

In a bearing of finite length, fluid 
pumped into the converging space by the 
moving bearing part can be forced out, 
not only through the leading and trailing 
edges of the bearing, but also through the 
clearance spaces at either end of the bear- 
ing. Thus, in the finite-length bearing of 
a given geometry and speed, the resistance 
to leakage is lower with consequent lower 
average pressures than in infinite-length 
bearings. Correspondingly for a given 
load, the finite-length bearing will run at 
a smaller film thickness than an infinitely 


W= Shaft lood 

O = Actual center of bearing 

O’= Actual center of displaced journal 

e = Eccentricily, or radial displacement of journal 


Fig. 3—Cross section of a full-journal 
bearing under load. 
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Fig. 4—Viscosity-temperature chart for 
determining bearing operating tempera- 
ture. 


long bearing. The end flow of the lubri- 
cant serves a useful purpose by removing 
heated lubricant from the bearing. 
Viscosity, or internal friction, of a fluid 
decreases with temperature. Shearing of 
the fluid against its internal resistance 
generates heat and tends to raise the fluid 
temperature, thereby decreasing its internal 
resistance. Thus, most bearings tend to 
operate at a temperature above the am- 
Finding this equilib- 
rium temperature is an important part 


bient temperature. 


of any careful bearing design, since the 
operating viscosity affects not only the 
fiim thickness, but also the power con 
sumption or resistance to motion. 

A practical method of determining the 
bearing operating temperature is the oper 
method 
temperature chart. 


ating-line Fig. 4 is a viscosity- 
By assuming an aver- 
age operating viscosity for the fluid in the 
bearing, the temperature rise in the bear 
ing can be computed. The bearing operat 
ing temperature, T2, corresponding to the 
assumed viscosity is obtained by adding 
the computed temperature rise to an as- 
sumed environmental temperature, T1. Re- 
peating this computation several times for 
several assumed viscosities results in points 
from which the bearing operating line in 
Fig. 4 can be determined. For whatever 
lubricant is assumed, the bearing will 
operate at the temperature corresponding 
to the intersection between the bearing 
operating line and the lubricant viscosity 
temperature curve. ‘This type of analysis 
shows that high-viscosity lubricants will 
operate at high temperatures and low 


viscosity lubricants at low temperatures. 


Journal-Bearing Types 


Selection of a journal bearing for a given 
application is primarily dependent upon 
the load, speed, and any size limitations 
that must be placed on the bearing. The 
desired type of lubrication may also in 
fluence the decision. Journa!-bearing de 
signs vary from the ultimate in simplicity 


(a hole drilled in a structural member) 
to precision-constructed, highly complex 
bearings (an assembly of many parts). 


Standard 360-degree bearings or bushings 
cover a wide range of service and, in 
terms of the number used, are by far the 
most prevalent type of bearing. Variation 
in the type of lubrication and in the bear- 
ing material used adapts it to a very wide 
variety of application conditions. Lubri- 
cation may be provided by pressure feed, 
oil ring, drip feed, wick feed, flooding, or 
by use of grease in place of oil. For some 
applications, and with the right bearing 
material, bushings are even operated dry. 


Reciprocating load bearings may or may 
not be of the bushing type, but are placed 
in a separate class because of the special 
consideration that must be given to groov- 
ing, lubricant feed, and the nature of the 
load cycle. Requirements differ for con- 
tinuous rotation and oscillating motion. 


Continuous-rotation types are often sub- 
ject to very heavy loads, where the load 
vector rotates around the bearing and 
varies rapidly in magnitude in a compli- 
cated pattern. Peak loads may reach 3000 
to 4000 psi, or more. Because of the 
high peak loads and the rotating load 
vector, very careful attention must be paid 
to the location of oil grooves in the bear- 
ing and oil admission holes in the shaft. 
They should not occur in any area subject 
to heavy loading. These bearings are 
usually split bearings, and have a very 
small clearance in the direction of heavy 
load. A larger clearance is designed-in 
at right angles to the load for better oil 
flow. Main bearings, because of the wide 
variation in load angle, usually use a cir- 
cumferential oil groove which is fed with 
oil under 30 to 60 psi pressure. In con- 
necting-rod bearings, there is normally no 
grooving in the bearing, and oil is ad- 
mitted through a hole carefully located in 
the shaft at a zero-load region. 
engines, oil is fed to the wristpin bearing 
through a drilled hole in the connecting 
rod, and a small fingernail, or banana 


In some 


groove is cut in the connecting-rod bearing 
to feed oil into this hole. In large diesel 
engines, a circumferential groove may also 


be used in the connecting-rod bearings. 


Oscillating types are found at the wrist- 
pin location in gasoline or diesel engines. 
These bearings may be lubricated by 
splash feed or by oil through a drilled 
hole in the connecting rod. Because of 
the heavy reversing load and the oscillat- 
ing motion that wristpin bearings are sub- 
ject to, they are usually 360-degree bush- 
ings with many axial oil grooves to dis- 
tribute oil to the bearing surfaces. 

All reciprocating-load bearings are sub- 
ject to fatigue failure not usually found 
in other types of journal bearings. To 
stand up under this type of service, spe- 
cial bearing material combinations have 
been developed which have high-fatigue 


strengths, As an example, a bushing may 
be a three-layer material in which a steel 
base is covered with a copper lead or 
leaded bronze which in turn is topped 
with a very thin (approximately 0.001 in. 
thick) layer of tin-babbitt material. 


Very heavily loaded bearings, with loads 
in the 500 to 1000 psi range, constitute 
the third group. Special attention must 
be given to design and bearing material, 
whether for continuous or intermittent- 
rotation bearings. 

Intermittent-rotation types are used in 
machinery where a very heavy load must 
be carried for long periods with no rota- 
tion except on a very intermittent basis. 
If the angle of rotation is relatively small, 
for example no more than +30 degrees, 
and if the unit load can be kept to no 
more than a few hundred psi, bonded rub- 
ber bushings may afford a good solution. 
Where the loads are much heavier, and 
where the angle of rotation may be large 
when motion occurs, a more conventional 
bushing must be used. In some switch- 
gear applications, loads as high as 10,000 
psi are carried on molded textolite bush- 
ings permanently lubricated with grease. 
Such designs are very special, and they 
must be proved out for each particular 
application. 

Continuous rotation types are found in 
applications such as the roll-neck bearings 
in metal rolling mills. In such service, 
very heavy loads of 1090 psi or more are 
carried at relatively low surface speeds. 
Very careful attention’ must be paid to 
the details of the journal bearing design. 
A bearing material having low deform- 
ability characteristics is used. In addi- 
tion, close attention is paid to tolerances. 
Thus, shaft roundness and the roundness 
and straightness of the bearing bushing 
are maintained to a very high degree. In 
this way, the bearing can successfully 
operate at very small film thicknesses and 
very high eccentricity ratios. 

High-speed, lightly-loaded bearings con- 
stitute the fourth group. These bearings 
are subject to self-induced vibration or 
whip, and a number of special designs 
are employed to prevent this phenomenon 
and keep the bearings running at a rea- 
sonably cool temperature. 

Curiously enough, high-speed, low-load 
bearings have given designers more diffi- 
culty than heavily loaded bearings in 
many respects. As a result, a variety of 
designs have been created which are cap- 
able of high-speed operation. They differ 
from the conventional bearing having a 
circular cross-section. 

Two major difficulties arise in designing 
high-speed, low-load bearings. One is 
bearing instability resulting from the low 
stiffness of a journal bearing at low ec- 
centricity and the fact that shaft center 
motion is at right angles to the direction 
of load. The second is the problem of 
maintaining high-speed bearings at a rea- 
sonable temperature, since at no load the 
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Fig. 5—Typical shapes of several types of pressure-fed bearings. 


only oil moving through a journal bearing 
is that pumped through by the pressure 
feed. The natural or hydrodynamic oil 
flow through a bearing is a function of 
the shaft eccentricity. 

A number of ingenious bearing designs 
have been developed to overcome these de- 
ficiencies. Some of these are illustrated 
in cross section in Fig. 5. 
ing the cylindrical bore will be discussed 
first, followed by a description of designs 
in which the bore is no longer cylindrical. 

Circumferential-groove bearings, Fig. 5a, 
have an oil groove extending circumferen- 
tially the bearing. The oil is 
maintained under pressure in the groove. 


Designs retain- 


around 
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The groove divides the bearing into two 
shorter bearings which tend to run at a 
slightly greater eccentricity. However, the 
advantage in terms of stability is slight, 
and this design is most commonly used 
in the reciprocating-load main and con- 
necting-rod bearings because of the uni- 
formity of oil distribution. 

Short cylindrical bearings are a better 
solution than the circumferential-groove 
bearing for high-speed, low-load service. 
In many cases, the bearing can be short- 
ened enough to increase the unit loading 
to a substantial value, causing the shaft 
to ride at a position of substantial eccen- 
tricity in the bearing. Experience has 
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shown that instability rarely results when 
the shaft eccentricity is greater than 0.6. 
Very short bearings are not often used for 
this type of application, because they do 
not supply a high emergency rotating- 
load capacity in the event some unbalance 
should be created in the rotor during 
service. 

Cylindrical-overshot bearings, Fig. 5b, 
are used where surface speeds of 10,000 
fpm or more exist, and where additional 
oil flow is desired to maintain a reason- 
able bearing temperature. This bearing 
has a wide circumferential groove extend- 
ing from one axial oil groove to the other 
over the upper half of the bearing. Oil is 
usually admitted to the trailing-edge oil 
groove. An inlet orifice is used to con- 
trol the oil flow. Cooler operation results 
from the elimination of shearing action 
over a large section of the upper half of 
the bearing and, to a great extent, from 
the additional flow of cool oil over the top 
half of the bearing. 

Pressure bearings, Fig. 5c, employ a 
groove over the top half of the bearing The 
groove terminates at a sharp dam about 
45 degrees beyond the vertical in the di- 
rection of shaft rotation. Oil is pumped 
into this groove by shear action from the 
rotation of the shaft and is then stopped 
by the dam. In high-speed operation, 
this situation creates a high oil pressure 
over the upper half of the bearing. The 
pressure created in the oil groove and sur- 
rounding upper half of the bearing in- 
creases the load on the lower half of the 
bearing. This self-generated load increases 
the shaft eccentricity. If the eccentricity 
is increased to 0.6 or greater, stable opera- 
tion under high-speed, low-load conditions 
can result. The central oil groove can 
be extended around the lower half of the 
bearing, further increasing the effective 
loading. This design has one primary 
disadvantage: Dirt in the oil will tend 
to abrade the sharp edge of the dam and 
impair ability to create high pressures. 

Multiple-groove bearings, Fig. 5d, are 
sometimes used to provide increased oil 
flow. The interruptions in the oil film 
also appear to give this bearing some 
merit as a stable design. 

Elliptical bearings, Fig. 5e, are not truly 
elliptical, but are formed from two sec- 
tions of a cylinder. This two-piece bear- 
ing has a large clearance in the direction 
of the split and a smaller clearance in 
the load direction at right angles to the 
split. At light loads, the shaft runs ec- 
centric to both halves of the bearing, and 
hence, the elliptical bearing has a higher 
oil flow than the corresponding cylindrical 
bearing. Thus, the elliptical bearing will 
run cooler and will be more stable than 
a cylindrical bearing. 

Elliptical-overshot bearings are elliptical 
bearings in which the upper half is relieved 
by a wide oil groove connecting the axial 
oil grooves, and they are analogous to 
cylindrical-overshot bearings. 
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Dimensions 


Diameter 


Length 
Clearance 





Maximum: Fixed by clearances available, or other machine dimensions. 

Minimum: Fixed by shaft strength, stiffness or torque requirements. 

As limited by clearances or machine dimensions. 

Maximum as determined by spacing requirements (as for gears), by dynamic 
characteristics (as to prevent slap in engine bearings) or other requirements. 





Operating Variables 


Load 

Speed 

Load Vector Diagrams 
Starting 

Environment 


Lubricant 


Total load, load direction, variation in load, and load angle. 

Minimum or maximum operating speeds and speed variations. 

Where necessary, chart the speed and load variations expected. 

Rapid or slow start, start under load or not, and start temperature. 

Temperatures expected near bearing, limits on temperature rise, vibration, dirt, 
moisture, and chemicals. 

Contamination of surroundings on processed materials, viscosity, composition or 
type determined by other lubrication requirements. 





Materials 


Bearing Material 
Bearing Surface Finish 
Shaft Material 

and Hardness 
Shaft Surface Finish 


Special requirements from shock, vibration, or corrosive conditions. 

Capability of shop, or of vendor. 

Special requirements from strength, fatigue, corrosive environment or compatability 
with other machine parts. 

Capability of shop, and requirements on adjacent areas, such as seal surfaces 





Design Factors 


Unit Load 
Rotor Critical Speed 
Unbalance 


Surface Velocity 

Bearing Desizn 
Temperature Maximum 
Minimum Film Thickness 
Lubricant Flow Rate 
Power Consumption 
Other Restrictions 


Conformity with industry or other practices and compatability with other bearings 


in machine. 

Calculate using bearing flexibility. 

Possibility of unbalance due to deposits, throwoff of parts, etc. 
to be carried. 

Industry limitations and onset velocity for turbulence. 

Limitations due to past practice, or compatability with other bearings. 

Limited by bearing material, lubricant, and other restrictions. 

Dirt to be tolerated and misalignment. 

Flow limitations. 

Total power available for bearings. 

Restrictions on the design due to manufacturing practices, and cost limitations. 


May dictate “stiff” or “soft” bearing. 
Unbalance loads 

















Displaced elliptical bearings, Fig. 5f, shift 
the centers of the two bearing arcs in 
both a horizontal and a vertical direction. 
This design has greater stiffness than a 
cylindrical bearing, in both horizontal and 
vertical directions, with substantially high- 
er oil flow. It has not been extensively 
used to date, but offers the prospect of 


high stability and cool operation. 


Three-lobe bearings, Fig. 5g, are made 
up in cross section of three circular arcs. 
They are most effective as anti-oilwhip 
bearings when the centers of curvature of 
each of the three lobes lie well outside 
the clearance circle, which the shaft center 
can describe within the bearing. Three 
axial oil-feed grooves are used. It is a 
more difficult design to manufacture, since 
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it is almost necessary to make it in three 
parts instead of two. The bore is ma- 
chined with shims between each of the 
three parts. The shims are removed after 
manufacture. 


Pivoted-shoe bearings, Fig. 5h, are one 
of the more stable bearings. The bearing 
surface is divided into three or more seg- 
ments, each of which is pivoted at the 
center. In operation, each shoe tilts to 
form a wedge-shaped oil film, thus creat- 
ing a force tending to push the shaft to- 
ward the center of the bearing. For sin- 
gle-direction rotation, the shoes are some- 
times pivoted near one end and forced to- 
ward the shaft by springs. 


Nutcracker bearings, Fig. 5i, consist of 


two cylindrical half-bearings. The upper 
half-bearing is free to move in a vertical 
direction and is forced toward the shaft by 
a hydraulic cylinder. External oil pres- 
sure may be used to create load on the 
upper half of the bearing through the hy- 
draulic cylinder. Or, the high-pressure 
oil may be obtained from the lower half 
of the bearing by tapping a hole into the 
high-pressure oil film, thus creating a 
self-loading bearing. Either type can in- 
crease bearing eccentricity to the point 
where stable operation can be achieved. 
Externally pressurized (hydrostatic) 
bearings depend upon oil pressure from 
an external source to support the bearing 
load, Fig. 6. High-pressure oil is admitted 
to pockets in the bearing surface to sup- 
port the external load. If a separate con- 
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Operational Requirements and Lubrication Requirements 
Bearing Sie and Load Lubrication 


Diameter Unit Load Load ere Lubrication Bearing Type 
in.) (psi) Direction || *¥°r's" Method 


Externally pressurized 


Constant supply? 
Circumferential Groove 
Displaced elliptical 
Three lobe 


Intermittent supply ' 


Short 


Pivot 
(intermittent 
rotation) 


3600 to 10000 


. Intermittent supply: Bearing may be lubricant-starved. Oil cups, drip-feed oilers, grease 
fittings, wick-feed oilers. 

2. Constant supply: Bearing always receives lubricant, but perhaps not enough to maintain 
hydrodynamic action. Splash feed, oil rings, well-designed wick-feed oilers, grease reservoirs, 
centralized and automatic systems. 

3. Low pressure: Bearing always receives enough lubricant to maintain hydrodynamic action; 
lubricant is cooled outside the bearing. Constant-flow, pump and reservoir systems; in some 
cases, flood or bath lubrication. 
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DESIGN DATA 


Bearing Size and Load 


Load (PSI) 


stant-flow oil pump is used to supply each 
individual pocket, the film thickness will 
adjust itself so that the flow out of the 
pocket will just balance the flow in, and 
the pressure in the pocket will be just suf 
ficient to support the load. If it is de 
sired to supply all pockets from a single 
manifold of high-pressure oil, either a 
capillary or orifice-type restriction, or a 
flow control valve is placed between the 
manifold and the individual pocket. This 
restriction serves to control the oil flow in 


such a way that a balance is again 
achieved between pocket pressure and sup- 
ported load. These bearings are sometimes 


used with air or compressed gas as the 


SU 


Diameter (in.) Lubricant 


© 
2 
s 
a 
> 
a 
3 


fluid, and in such cases, the pockets are 
usually eliminated to avoid resonant con- 


ditions. 


Journal-Bearing Selection 


The selection process can be divided into 
The first is to determine the 
requirements which the 


three steps. 
conditions and 
particular bearing design must meet. The 
second step is to determine from the 
characteristics of available bearing design 
whether one or more of these will meet 
the known conditions and requirements. 
The third step is then to select from the 
types which appear to be feasible, that 
particular type which will best meet the 


Bearing Specifications 


Bearing Type 


Oil, High Pressure 
Flat Land 

Tapered Land 
Pivoted Shoe 
Spring-Supported 
Externally Pressurized 


established requirements. 

Some of the requirements on the bear- 
ing or the conditions under which it must 
operate are listed in Table | in the form 
of a check list. It is suggested that this 
check list be reviewed and notes made on 
those items or conditions which are fixed 
and known before the design decision is 
made. The check list includes brief notes 
on some of the considerations which are 
appropriate to the quantities or conditions 
listed in the check list. These are grouped 
as dimensions, operating variables, mate- 
rials, and design. 

Usually speed, shaft diameter, load di- 
rection and some information on the de- 
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Fig. 6—Externally pres- 
¢ surized bearing. 


Capillary 





High pressure oil 
Va 


<> 





sired lubricant and lubrication method are 
known. The total load is also usually 
known, or can be estimated, and this 
together with the shaft diameter and rea- 
sonable assumptions on bearing length 
(usually bearing length varies from one- 
quarter diameter to no more than twice the 
diameter) determine the approximate unit 
load at which the desired bearing wilil 
run. Table 2 is a guide for selection of 
bearing design in terms of these known 
factors. Ranges are shown which are nor- 
mally feasible for good practice. 


Thrust-Bearing Types 


As with journal bearings, many types of 
thrust bearings have been developed to 
meet a variety of requirements. A brief 
description of several thrust-bearing de- 
signs are given here to provide assistance 
in deciding when each type should be 
used. 

One general point is important, thrust 
bearings are very sensitive to alignment 
and will operate properly only when pro- 
visions have been made to obtain good 
alignment. Poor alignment can result in 
overloading of one small area of the bear- 
ing, causing failure. Ball seats are fre- 
quently used to hold the bearing, but 
these must be carefully lined up at the 
time of assembly, since they cannot be 
expected to align readily under operating 
conditions. Some housings are designed 
to be flexible so that they can align with 
the shaft during operation. 


Just as important to good alignment is 
the alignment of the thrust runner on the 
shaft. The thrust-runner surface must be 
perpendicular, and within the smallest 
tolerances possible, to the shaft axis. 


Flat L: The flat-land thrust bearing is 
the simplest type available. It consists of 
a flat, stationary bearing surface against 
which the thrust runner or collar on the 
shafts bears. Fig. 7 shows an example of a 
flat-land thrust bearing which has a num- 
ber of radial luoricant-distribution grooves. 
Lubricant is usually fed to the center of 
a bearing of this type, and then flows out 
over the lands and through the distribu- 
tion grooves. If the grooves are carefully 
blended into the flat surface, some im- 
provement in load carrying capacity will 
be obtained. This type of bearing can 
operate under hydrodynamic conditions 
only with loads less than 100 psi. 


Tapered Land: The tapered-land bear- 
ing, Fig. 8, is a modification of a grooved, 
flat-land bearing. The flat surfaces be- 
tween the grooves are tapered so that con- 
vergence occurs in the direction of the 
shaft-runner motion. About 20 to 25 per 
cent of the surface is left flat. The taper 
is usually made larger on the inner diam- 
eter than on the outer diameter to opti- 
mize load-carrying capacity and to equal- 
ize bearing temperatures. High loads can 
be carried in the normal or forward run- 
ning direction, and only nominal loads 
in the reverse load direction. 





Fiat orea 





Tapered crea 


Fig. 8 — Tapered-land 
thrust bearing. 
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Fig. 7 — Simple flat-land 
thrust bearing. 


Pivoted Shoe: This type of bearing is 
shown in Fig. 9. It contains a number 
of separate shoes, each of which is piv- 
oted so that it can take up its position 
to provide an optimum taper in the di- 
rection of motion. The pivoted-shoe bear- 
ing can carry high loads over a wide 
range of speeds and can operate equally 
well in either direction. It is difficult to 
apply lubricant effectively to the bearing 
in such a way that it is all usefully 
used for lubricating or cooling purposes. 
It is also a more costly design to manu- 
facture. 


Spring-Supported Flexible Plate: The 
flexible-plate thrust bearings of the type 
illustrated in Fig. 10 are used to sup- 
port very large loads on large vertical- 
shaft waterwheel generators and turbines. 
Bearings of this type are machined very 
precisely as a flat-plate bearing. Each 
shoe is then supported on nests of pre- 
loaded coil springs. The runner is often 
grooved to provide better oil distribution. 
During operation, the deflection of the 
bearing plate under the hydrodynamic 
tapered load-carrying oil 


forces forms 


films. 


Step: The step bearing is illustrated 
in cross section in Fig. 11. In the step 
bearing, the convergence which is nor- 
mally accomplished with a tapered oil 
film, is accomplished by the rapid re- 
duction in oil-film thickness at the step. 
Computed load-carrying capacity at 
equivalent oil-film thicknesses show the 
step bearing to have about the same 
capacity as a tapered land or a pivoted- 
shoe thrust bearing. The step design is 
particularly useful for small thrust bear- 
ings because the slight depression re- 
quired to produce the step can be created 
either by a coining process or by etch- 
ing with acid. 


Externally Pressurized: This type of 
bearing is similar in principle to the 
externally pressurized journal bearing. The 
oil required to produce the load-carrying 
oil film is supplied by a high-pressure 
pump to the bearing through flow-limit- 
ing orifices or capillary resistances, or by 
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having a separate pump for each pocket. 
More recently, flow control valves have 
been used to control the flow to the 


separate pockets from a common manifold. 


Pocket: This type of bearing, Fig. 12, 


combines some of the important ad L_____4rm._ 


Leveling piote Base ring 
vantages of the externally-pressurized bear- 

















ing with the low-pressure lubricant sup- d ; : 
ply advantage of the conventional hydro- Fig. 9—Pivored-shoe thrust bearing. 
dynamic bearing. Each of the three se 

tors of the bearing illustrated is com 

posed of three parts: An oil groove, a 

slightly depressed pumping land section, 

and a deeper oil pocket. Oil is carried 

by the shearing action of the runner 

from the oil groove over the pumping 

land surrounding it. As in the case of 

an externally-pressurized bearing, the film 

thickness adjusts itself unti! the flow 

out of the pocket equals the flow being 

pumped into the pocket. This type of 

bearing has unusually low power losses : 


for a hydrodynamic-type thrust bearing. 


Thrust-Bearing Selection 


Many common thrust-bearing applica 
tions call for the simple flat-land thrust 
bearing, usually with some form of oil 


grooving. The more complicated thrust- be SS 
ae = ‘se 


bearing designs suited to higher speeds, Pe Ay PRE 





higher loads, or both, are beyond the 


scope of this book 
A guide on when to use the flat-land 


thrust design and when to use the more e ; f 
Fig. 11—Cross section of 
a step thrust bearing. 


complex types of thrust bearings is con 
tained in Table 3. Before using Table 


) 


3, it is advisable to go through the check 
list contained in Table | to ensure that Fig. 12—Pocket thrust bearing. > 
all the pertinent factors have been con- 


sidered 





Lubrication Types 


An important factor in the selection of 
the bearing for a specific purpose is the 
current lubrication technique. By and 
large, the lubrication technique can be 
universally employed with all bearings, 
but for some bearing types, only certain 
lubrication methods can be used. The lu 
brication methods for these special cases 
have been mentioned in the previous dis 
cussion on bearing types. The following 


discussion of lubrication techniques is 











general and does not attempt to spell 
out which bearing type they are most Fig. 13—Types of journal-bearing oil grooving (developed views). 
commonly used with 
axial groove connected to the oil inlet used, since this type of feed requires 
Pressure Feed: Oil is supplied from a hole. Fig. 13 shows some types of oil better lubricant distribution. 


separate oil supply system. Usually, pro srooving. ai 
. Wick Oiling: Bearings are lubricated 
visions are included for recirculating the 


oil, filtering it, and sometimes cooling Drip Feed: This type is used for light from a wick saturated with oil. Fig. 15 
it. The oil is usually fed to the bearing or intermittent service and employs one shows an example for a typical wick-oiled 
through a hole at midlength, located at or another of several types of oil cup bearing in a fractional-horsepower motor. 
such an angular position that it will be to feed oil by gravity, drop-by-drop to Properly designed, these bearings appear 
in the unloaded half of the bearing. A the top of the bearing. Fig. 14 shows to operate under hydrodynamic condi- 
variety of shapes and types of grooving some of these types in simple form. Many tions. The wick rubs on the shaft surface 
are used to insure distribution of the commercial types of drip-feed oilers are through a window or opening in the tcp 
oil to the bearing surface. These grooves available. Figure-eight and butterfly-type of the bearing and supplies oil to this 
are usually quite simple, such as an grooving, as shown in Fig. 13, is often surface. Seals are used to retain the oil 
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Sight Drop-Feed Oiler 
With Glass Body 


Wick 


Wick-Feed Oiler 











Fig. 14—Typical cup, drop-feed and wick- 
feed oilers. 


leaving the ends of the bearing so that 
it can be returned by gravity to the bot- 
tom of the wick. The wick material 
draws oil through capillary action, then 
recirculates the oil to the window at the 
top of the bearing. The wick also serves 
to provide some filtering of the bearing 
oil supply. 


Oil-Ring Feed: This method employs a 
large diameter ring which rides on the 
shaft through a window in the bearing, 
and which dips into a pool or reservoir 
of oil beneath the bearing, Fig. 16. It is 
apparent that oil-ring feed must be used 
only with bearings on_ horizontally- 
mounted shafts. The oil ring is rotated 
through contact with the rotating shaft 
and transfers oil picked up from the res- 
ervoir to the shaft at the top of its cycle. 
Spreader grooves must be used to distrib- 
ute the oil from the window along the 


length of the bearing. 


Flood Lubrication: Bearings run sub- 
merged in the lubricant, and employ oil 
distribution grooves open to the ends of 
the bearing to permit oil entry into the 
bearing inner areas. Such bearings are 
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Fig. 15—Typical wick-oiled bearing installation. 





-—_ Ca a 
Fig. - 
tion principle of an 
oil-ring bearing. 
i 


found, for example, in transmission and 


gear cases. 


Grease Lubrication: Bearings may be fed 
with grease in several ways. The bear- 
ing may simply be packed with grease 
during assembly or may be provided with 
a grease nipple and greased periodically. 
Also, bearings may be provided with a 
grease fitting and connected to a central 
pumping station which will pump a 
measured amount of grease in at proper 
intervals. Or, a grease-wick combination 
may be used which will feed oil bled 
from the grease through the wick and 
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onto the bearing. A wide variety of groov- 
ing configurations are used. 
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PLAIN BEARINGS 


Design Analysis 








—— RE are three types of sleeve-bear 
ing operation: |. Full-film or hydro- 
dynamic lubrication. 2. Complete bound- 
ury lubrication. 3. Mixed-film lubrication. 
In this chapter, design calculations are pre- 
sented for the first type—hydrodynamic 
lubrication—for 360-deg sleeve bearings. 

Full-film lubrication physically separates 
the journal from the bearing by a rela 
tively thick (on the order of 0.001 in.), 
continuous film of self-pressurized lubri 
cant with no metal-to-metal contact. Low 
friction and infinitely long service life can 
be obtained if a supply of clean lubricant 
of the right viscosity and sufficient quan 
tity is continuously maintained. 

Full film is the ideal type of lubrication 
for bearing operation—used to reap the 
benefits of low power loss, almost infinite 
life, and low cost. Sleeve-bearing coeffi 
cients of friction for hydrodynamic lubri 
cation are on the order of 0.005. For hy 
drostatic lubrication, friction coefficients 
can be considerably lower 

Complete boundary lubrication indicates 
that the bearing and journal surfaces are 
being rubbed together in the presence of 
an extremely thin film of lubricant which 
adheres to the surface of both the journal 
and bearing. Unless the bearing is re 
lubricated periodically, the thin film is 
eventually destroyed and intimate metal 
to-metal contact results 

Mixed-film lubrication is a combination 
of hydrodynamic and boundary lubrica 
tion. Part of the total load carried by the 
bearing is being supported by individual 
load-carrying pools of self-pressurized lu- 
bricant and the remaining part by the 
very thin contaminating film associated 
with boundary lubrication. 

Fig. | indicates in a very general way 
the picture of sleeve-bearing performance 

*adapted from a chapter in Cast Bronze 
Rearing Design Manual published by the Cast 


Bronze Bearing Institute. 1604 Chicago Ave 
Evanston, Ill 
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At the extreme right, which corresponds 
to the higher values of ZN/p (see Nomen- 
clature), is the full-fluid-film or hydro- 
dynamic lubrication region. Under full- 


The design procedure in this 
chapter was originally developed 
for cast bronze sleeve bearings. 
However, the method is general 
and can be applied to any 360- 
deg sleeve bearing operating under 
hydrodynamic conditions. 

A similar analysis method for 
bearings operating 
under mixed-film and boundary 


cast bronze 


conditions is presented in the 
CBBI Cast Bronze Bearing Design 
Manual (see footnote). In this 
manual, information is also given 
on specification of bronzes for 
cast bearings, recommendations of 
oils and greases, lubrication, and 
grooving. 


film conditions, the coefficient of fluid 
friction is approximately proportional to 
viscosity and speed, and inversely pro- 
portional to load. The coefficient attains 
a minimum value of approximately 0.001, 
which is also the minimum coefficient of 
friction for a good precision grade of 
rolling-element bearing. 

At the extreme left-hand side of Fig. | 
the curve levels off at a high value for the 
coefficient of friction and remains con- 
stant. This portion of the curve is the 
region of true boundary friction where the 
coefficient of friction is independent of 
viscosity and rubbing speed. Thus, for 
small values of ZN/p, the coefficient of 
friction remains essentially constant. Its 
magnitude will normally lie between 0.08 
and 0.14 depending upon the bearing ma- 


terials and the lubricant used. 

Between the boundary and full-film 
zones of lubrication is the zone where, 
with reduction in ZN/p, the coefficient 
of friction increases sharply. Evidence in- 
dicates that in this zone a combination of 
fluid friction and boundary friction exists; 
hence, it bears the title “mixed friction” 
or “mixed lubrication.” The exact values 
of ZN/p at which the transition from 
complete boundary to mixed-film lubrica- 
tion occurs, and also from mixed-film to 
full-film lubrication, are difficult to pre- 
dict. 


Full-Film Operation: Conditions which 
are necessary to promote full-film or hy- 
drodynamic operation are: 

1. Bearing characteristic number should 

lie within a specified range. 

. Relative surface speed should be 
greater than approximately 25 fpm 
and continuous in one direction. Ro- 
tation in the opposite direction is 
also possible provided the motion is 


Coetticient of Friction, / 











Fig. 1—Variation of coefficient of fric- 
tion with ZN/p for sleeve bearings. 
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Nomenclature 


Bearing characteristic 
number 

= Radial clearance, in. 
Specific heat of lubricant, 
Btu/lb-deg F 

= Journal diameter, in. 
Bearing bore diameter, in. 

- Eccentricity, or radial dis- 
placement of journal, in. 

- Minimum film thickness 
of lubricant, in. 

= Ventilation factor, Table 1 
Whirl speed factor 

- Frictional power factor 
Side-leakage flow factor 

- Shock load factor 


- Factors used in Table 2 
Bearing length, in. 
Clearance factor 

> 1000(2C)/D 

= Rotational speed of jour- 
nal, rpm 

= Half-frequency whirl 
speed of shaft, rpm 





Actual center location of 
bearing 
Actual center location of 
displaced journal 
= Fritcional horsepower 
generated within full-film 
lubricated bearing, hp 
Projected area unit load, 
psi 
W/LD 
Side-leakage oil-flow, or 
oil-flow feed rate, gpm or 
drops per min 
= Minimum oil-flow_ re- 
quired for full-film lu- 
brication, gpm or drops 
per min 
= Lubrication factor, Table 1 
= (T2 — 7T3)/(T, — T2) 
= Oil inlet temperature, F 
- Lubricant film tempera- 
ture, F 
= Surface temperature of 
bearing housing, F 
W = Ambient atmosphere tem- 
perature, F 
T, = Duration of shock load, 
sec 
At = Steady load to be sup- 
ported, Ib 
Dead weight of rotating 
parts, Ib 
Ww, Shock load, Ib 
Z= Lubricant absolute vis- 
cosity, centipoise 
= Lubricant density, Ib per 
gal 
- Journal eccentricity ratio 
= Journal eccentricity ratio 
before shock load 
Journal eccentricity ratio 
at end of shock load 
Angle between direction 
of load and direction of 
journal displacement, deg 


Win 








not oscillatory in nature. Exceptions 
are pulsating loads such as occur in 
engine wrist pins. 

3. Lubricant should have the proper 
viscosity. 

. Lubricant at the proper rate should 
be continuously supplied to the bear- 
ing, and the flow must not be less 
than a specified minimum rate. 


5. Bearing must be properly designed to 
promote and maintain hydrodynamic 
lubrication. 

Full-film lubrication under very high-load, 
very slow-speed conditions is possible by 
using hydrostatic lubrication. Extremely 
low coefficients of friction (zero at zero 
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speed) can be realized using this type of 
lubrication. Also, starting and stopping 
under load can be easily accomplished. 
Since hydrostatic lubrication requires ex- 
ternal pumps, bearings of this type are 
costly but offer definite advantages. 


Mixed-Film Operation: Those bearings 
which usually operate in the mixed-film 
lubricated realm of sleeve bearing opera- 
tion are: 


1. All oil-lubricated bearings which are 
supplied with a continuous but rela- 
tively small amount of lubricant if 
the oil-supply rate is less than some 
specified rate and the surface velocity 
is greater than 10 fpm. 


2. Bearings supplied by drop-feed oilers, 
wicks, bottle oilers, mechanical oil- 
ers, and other types of low-feed-rate 
devi 

3. Bearings subjected to oscillatory mo- 
tion if relative surface speeds are 
greater than 10 fpm. 


Complete Boundary Operation: Those 
bearings which usually operate in the 
complete boundary lubricated realm of 
sleeve bearing operation are: 

1. Grease-lubricated bearings. 

2. Bearings which are periodically re- 
lubricated, as by hand oiling or 
greasing. 

. Bearings used for reciprocating mo- 
tion applications (motion along the 
axis of the shaft). 

. Bearings used in very slow-speed ap- 
plications where relative velocity be- 
tween shaft and bearing is less than 
10 fpm. 


Bearing Clearance Ratios 


Often, some confusion results when 
specifying clearances for sleeve bearings 
because of the various methods of express- 
ing this clearance. In this chapter, terms 


regarding bearing clearance are defined as: 


Diametral clearance, 2C, equal to bear- 
ing bore diameter minus journal di- 
ameter. 

Radial clearance, C, equal to bearing 
bore radius minus journal radius. 

Clearance ratio, 2C/D, equal to di- 
ametral clearance divided by journal 
diameter. 


Because C is much smaller than D, clear- 
ance ratio is multiplied by 1000 to obtain 
numbers more convenient to use. This 
modified ratio is termed “clearance fac- 


tor” and is 


2C 
*) a 
D 


m = 1000 ( 


As a useful guide to determining bearing 
clearance factor m, first identify the par- 
ticular application with one of the descrip- 
tions given for Fig. 2 through 6. Then, a 
recommended value for m can be obtained 
from the figure. 


Bearing Characteristic Number 


First major step in the design of a 
bronze bearing is to evaluate the bearing 
characteristic number, A: 

_ mw 
 D2ZN 
This number is a slight modification of 
the parameter ZN/p used previously. Usu- 
ally, desired operating speed N and total 


steady load W to be carried are known. 
Likewise, journal diameter D in the vi- 


(2) 
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cinity of the bearing may also be speci 
fied to meet certain stiffness or deflection 
requirements. Determination of clearance 





factor m was discussed in Bearing Clear 
ance Ratios 





Since the operating temperature of the 
lubricant film for a bearing of unknown 
length is impossible to predict, the next 








best thing is to assume an operating tem- 
perature. Absolute viscosity Z can then 
be determined for the lubricant at the 
assumed temperature, T,. Ordinarily, suf- 
ficient data from the manufacturer of the 
selected lubricant will permit simple de 


Clearance Factor, m 
Diometral Clearance, 2C (in) 


termination of a value for Z. If complete 





information is not available, absolute vis- 
cosity can be calculated by methods de- 





scribed in Chapter 3. However obtained, 


the proper value of Z is then used in 

















9 


Equation 2 - 
A fair approximation of lubricant tem- Journal Diameter, D (in.) 


erature rise may be made if the method ’ : 
of l bri “~ ! 4 ts “ f wr j : Fig. 2—Precision spindles made of hardened, ground steel running on 
ee ee wee ee oe lapped bearings (8 to 16 microinch rms finish) when the product DN 
pressure lubrication, temperature rise T, is less than 2000, 

T, will be in the neighborhood of 5 


to 10 F. With less oil being supplied, the 





bearing will tend to run hotter, since it is 
not being flushed by as much relatively 
cool inlet oil. Thus, for other lubricating 
techniques, such as oil bath, splash feed, 
and oil ring, lubricant temperature rise 
may range from 10 to 100F. 

If A falls between 0.0005 and 0.50, 
practical full-film lubrication is possible. 





With special care, the upper limit can be 


doubled to 1.0. However, most sleeve bear- 








ings for rotating machinery operate with- 


g 
: 8 
5 
: i 
2 
9 Ss 
° = 
ts) H 
Fs 


in the lower range of bearing character- 
istic number. If A is greater than 0.50, 
special types of bearings and lubrication 
will usually be required. 


Even if A falls within the normal range, 











full-film lubrication may still not be pos- 4 5 


. | Diameter 
sible for one or more of the following dusadl Ole » Alin) 


— Fig. 3—Precision spindles made of hardened, ground steel running on 
lapped bearings (8 to 16 microinch rms finish) when the product DN 
is more than 2000. 


1. Insufficient flow of lubricant to the 
bearing as a result of either ignorance 
or an attempt to reduce the flow to 


a value felt to be acceptable 
Misplaced oil-feed grooves 


Too low a lubricant viscosity 





Use of a porous bearing material 


which prevents formation of hydro 





z 


dy namic pressures 
Severe misalignmen 


. Dirty lubricant 


Clearance Factor, 


- 


Excessive heating within the bearing 


Diometral Clearance, 2C(in) 


which is a result of poor heat dis 








sipation and which reduces lubricant 





viscosity 





\ large value for bearing characteristic 














number indicates a heavily loaded or rela 





tively slow-speed bearing. Conversely, light 
Journal Diometer, D (in) 
loads and high speeds give very low bear 


ing characteristic numbers. If desired, the Fig. 4—Electric motors, generators, and similar types of machinery using 
numerical value of A can be adjusted up ground journals in broached or reamed bearings (16 to 32 microinch 


or down by varying the parameters m, D, rms finish). 





and Z. Also, duty cycle of the bearing 
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Fig. 5—General machinery which continuously rotates or reciprocates 
and uses turned or cold-rolled steel journals in bored and reamed bear- 


ings (32 to 63 microinch rms finish). 
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Journal Diometer, D (in) 


Fig. 6—Rough-service machinery having turned or cold-rolled steel 
journals operating on bearings (63 to 125 rms finish). 








should be investigated to determine the 
possible variation of A with changing 
speed, load, and, indirectly, viscosity. 
Only steady loads in both magnitude 
and direction are considered for use in 
the bearing characteristic number. Like- 
wise, only constant, unidirectional rotation 
of the shaft is applicable for continual full- 
film, hydrodynamic lubrication. Shock 
loads, rotating loads, and reciprocating or 
oscillating journals are considered later. 


Journal Eccentricity Ratio 


Journal eccentricity ratio, ¢«, is deter- 
mined from 


e 


Cc 


(3) 
Fig. 7 illustrates the eccentricity of a bear- 


1961 Edition 


ing operating with a full film of lubri- 
cant. Equilibrium position for the center 
of the journal, O’, will be displaced from 
the center of the bearing, O, a distance 
equal to e and at an angle equal to 9. 
Both e and @ depend upon: 
1. Magnitude and direction of load W. 
2. Magnitude and direction of speed N. 
3. Viscosity of lubricant in the film, Z 
4. Bearing clearance factor m. 
When there is no load on the bearing 
(W = 0), the journal will run virtually 
centered within the bearing, and eccen- 
tricity e will be zero. Thus, from Equation 
3, the eccentricity ratio will likewise be 
zero. As the load increases, the journal 
moves eccentrically until a position is 
reached where hydrodynamic pressure dis- 
tribution developed in the oil film bal- 
ances the load. 
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bearing 
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0, <0+20 —> 


Fig. 7—Geometry of full-film lubricated 
sleeve bearing. 


While eccentricity e is increasing, mini- 
mum film thickness h, is decreasing. The 
equation for h, is 


h, =~C—e=C(1-—e) (4) 


If the load becomes great enough, the 
journal may eventually touch the bear- 
ing. For this situation, e = C, h, = 0, 
and the eccentricity ratio becomes unity. 
Fig. 8 is a plot of angle @ (between direc- 
tion of load and direction of displace- 
ment of the journal) and _ eccentricity 
ratio e for various L/D ratios. 


Bearing Length 


Once the bearing characteristic num- 
ber is computed, a suitable length for 
the bearing can be established which will 
insure satisfactory full-film performance. 
Fig. 9 permits determination of proper 
bearing proportions L/D and _ thereby 
calculation of L, since D is known. 

In Fig. 9, the unshaded area of the 
chart is the only region of interest. The 
required L/D ratio to obtain a recom- 
mended eccentricity ratio for a particu- 
lar value of A is obtained by interpola- 
tion of the L/D curves. As an example, 
suppose the computed bearing character- 
istic A equals 0.011. From the chart, this 
value of A gives L/D equal to 0.80 for 
the recommended operating eccentricity ra- 
tio of 0.60. 

Any selection of L/D within the un- 
shaded area of Fig. 9 can be made. Short- 
er bronze bearings are usually preferred 
from the standpoint of space, friction, and 
flow requirements. However, for the same 
bearing characteristic number, shorter bear- 
ings necessarily operate with greater ec- 
centricity. There must be a compromise, 
and on this basis the recommended op- 
erating eccentricity-ratio curve in Fig. 9 
was established. Also, some allowance is 
made to enable the bearing to carry higher 
loads than anticipated, since operating 
film thicknesses are still fairly large. In 
addition, if film thicknesses are large, 
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slight contamination of the lubricant can 
be tolerated. Thus, if possible, bearing 
lengths for full-film lubrication should be 
computed as dictated by the recommended 
operating eccentricity ratio. 


Power Requirements 


Although the coefficient of friction for 
full-film lubricated bearings is quite small, 
power required to drive the journal may 
be appreciable because of high load-car- 
rying capacity and reasonably high speeds. 
Also, since frictional energy is dissipated 
in the form of heat, energy required to 
overcome friction must be evaluated to 
determine any cooling requirements for 
the bearing. 

The equation which determines driv- 
ing or input power is 


Py = k)mDNW X 10° (5) 


The value of frictional power factor k, 
can be obtained from Fig. 10. To illustrate 
with the previous example where A 
0.0!1 and the L/D ratio is 0.80, Fig. 10 
gives k, 0.036. Since the other terms 
in Equation 5 are known, the horsepower 
requirement for a ful!-film sleeve bearing 
can be easily computed. 


Oil-Feed Requirements 


In a 360-deg bearing, oil must enter the 
bearing at the same rate that it escapes 
from the ends of the bearing. End leak 
age in a sleeve bearing is caused by the 
high pressure that develops in the center 
of the bearing. This pressure forces lubri 
cant toward the low-pressure areas at the 
ends of the bearing. If the journal is to 
maintain its position within the bearing, 
lubricant lost through end leakage must 
be continually replenished. 

The theoretical oil-feed rate required 
to maintain the clearance space filled with 


oil while the bearing is operating is 


Q k,mD®°N X 10°6 (6) 


factor k, 
from Fig. 11. For the 
0.011 and L/D 


0.8, k, is found to equi 128 


The value of side-leakage flow 
can be obtained 
exan ple ising A 

Surprising! f 


enough, if less than the 


computed rate of flow is delivered, op 


erating eccentricity will be not far re- 
moved from what it would be if the re 


The effect of 


reduced oil flow on operating eccentricity 


quired rate were delivered 
is almost negligible at the higher eccentri- 
city ratios. How much less the oil-feed 
rate may safely be than the value calcu 
lated with k, in Equation 6, while main- 
taining reasonably similar eccentricity ra 
tios, is difficult to specify 

As a rule of thumb, 


eccentricity 


when operating at 
ratios less than 0.50, calcu- 
lated oil-feed rate should be maintained 
if the expected operating eccentricity ratio 
is to be realized. For \arger eccentricity ra- 


tios, feed rate may be somewhat less than 
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Fig. 8—Angular location of displaced journal within a full- 
film lubricated bearing.' 


calculated, gradually decreasing to about 
80 per cent of the calculated flow at ap- 
proximately 0.90 eccentricity ratio. 

Consider the operation of a_ bearing 
subjected to wide extremes of load. If 
enough oil is supplied to the bearing at 
high loads, the bearing will be oversup- 
plied at low loads, which is not harmful. 
However, if the flow rate is designed for 
low loads, insufficient oil flow for high 
loads will force the bearing to operate on 
a thinner film of lubricant. Hence, the 
safe practice is to supply the highest oil- 
feed rate required. 


1References are tabulated at end of chapter 


Minimum Flow Requirements 


Operating with a bearing characteristic 
number that indicates a full film of lubri- 
cant between journal and bearing, a bear- 
ing will run at a prescribed eccentricity 
if supplied with sufficient lubricant. If the 
rate of flow to the bearing is reduced, the 
journal will move to a new, more eccen- 
tric position within the bearing because 
of insufficient fluid. Experiments have de- 
termined that fluid-film lubrication is not 
possible below a definite minimum lubri- 
cant flow rate.2 The journal will begin 
to touch the bearing at the point of closest 
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approach, and bearing friction will in- 
crease markedly if lubricant flow is below 
this minimum value. 

Minimum flow required for full-film lu- 
brication, QO’, can be determined approxi- 
mately with: 


g' = 293 x 10° ( 1+ 


w 


Q’ = 3.32 x 10°3 (1+ 


Ww 
0.0043 —— ) mp2N, 
D 
drops per min (7b) 
1 cu cm = 30 drops 


Needless to say, supplying just the barest 
minimum of flow to the bearing to sus- 
tain full-film lubrication, especially in a 
new bearing which has had no “wearing 
in,” is extremely dangerous practice. How- 
ever, QO’ can be used as a guide to deter- 
mine what value the flow may be allowed 
to approach and still maintain the bene- 
fits of full-film lubrication. 


Oil-Film Temperature 


To determine lubricant viscosity and, 
in turn, bearing characteristic number, oil 
film temperature T, has to be assumed. 
Since means for calculating bearing length, 
frictional power, and flow through the 
bearing have been presented, temperature 
rise of the lubricant as it passes through 
the bearing can now be computed. A por- 
tion of the heat generated in the bearing 
is transmitted to the flowing lubricant, 
and some of the heat is also dissipated 
through the wall of the bearing to the 
ambient atmosphere. 


Self-Contained Bearing System: A self- 
contained bearing is one which requires 
no oil-circulating or cooling system. In 
this type of bearing, practically all the 
heat is removed by conduction, convec- 
tion, and radiation to the surrounding at- 
mosphere. Self-contained bearings are the 
conventional pillow-block and pedestal 
type found on most motors, generators, 
turbines, pumps, and similar equipment. 
Such bearings reach thermal equilibrium 
1 to 3 hr after starting. Thereafter, radia- 
tion and convection from the bearing 
housing is sufficient to dissipate all the 
heat generated by friction in the bearing. 

If the particular bearing is operating 
at high speeds and heavy loads, equilib- 
rium may be reached at a high level of 
temperature—perhaps higher than 200F. 
Temperatures in this range may not be 
acceptable for industrial use because some 
lubricants undergo a rather rapid de- 
terioration which results in the formation 
of harmful acids. Therefore, the limit of 
acceptable equilibrium film temperatures 
for the usual industrial application ranges 
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Fig. 9—Bearing size selection chart for full-film lubricated 


360-deg sleeve bearing. 


Ambient 
Air 
Condition 


Quiet Air 


Moving Air 
(500 fpm) 


(After Raimondi and Boyd.) 


——— Lubrication Factor, s ——— 
O1'l-Bath Oll-Ring Waste-Pack 
Lubrication Lubrication Lubrication 


0.90" 1.60 
1.30 4.4 





from 160 to 180 F. Operation beyond these 
temperatures usually requires auxiliary 
cooling, such as a cooling coil in the oil 
sump. In this case, some of the heat is 


then removed directly from the oil itself. 


In a self-contained bearing system the 
assumption that all frictional heat gen- 
erated within the bearing must be dissi- 
pated to the ambient atmosphere permits 
the resulting temperature difference to be 
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expressed as® 


(8 + 1)P, 

15 X 10° DLK, 
Values for s and K, may be obtained from 
Table 1. 

The value of T, can be determined from 
Equation 8 and compared with the as- 
sumed value used earlier to calculate the 
bearing characteristic number. In all like- 
lihood they will not agree exactly. Hence, 
another assumption of T, is made and 


T.—T, (8) 


the entire process repeated. This process 
is continued until reasonable agreement is 
obtained between the assumed value of 
T, and the calculated value of T, The 


actual process is illustrated in Table 2. 


Forced-Feed Lubricating System: In 
bearings supplied with copious amounts 
of relatively cool lubricant, most of the 
heat of friction enters the oil and is thus 
removed from the bearing. Usually, the 
oil is returned to a sump where it is 
cooled before re entering the bearing. 

If the assumption is made that all heat 
generated by friction within the bearing 
is removed by the lubricant and that side 
leakage flow through the bearing is as 
determined by Equation 6, then tempera 
ture rise of the lubricant can be expressed 
as 

42.4 P-» 
T, T; (9) 
Yep? 
If oil inlet temperature T, is known, T, 
can readily be determined from Equation 
9 and compared with the assumed value 
of T, used to determine the bearing char- 
acteristic number. Reasonable agreement 
indicates a solution has been found. Other- 
wise, the process, based on a new assumed 
value for T,, is repeated until agreement 
between assumed and calculated values of 


T., is obtained 


Combined Heat Loss: For those cases 
where heat is removed not only by the 
oil but also by conduction through the 
bearing, lubricant film temperature can 
be determined by the following equation, 
which is a combination of Equations 8 


and 9 


T 


Y CyQ \ 


, degrees Rankine (10) 
42.4 


Since this equation does not deal with 
temperature differences, absolute tempera 
tures in degrees Rankine (degrees F plus 
460) must be used for T,, T,, and T 


Once again, if T, 


‘ 
as computed from 
Equation 10 is different than the assumed 
value, a new assumption for T, is made 


and all the calculations repeated until 
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Fig. 10—Frictional power factors for 360-deg full-film lubricated bear- 


ings having various L/D ratios. 


agreement is reached. Equation 10 should 
be used when there is any doubt concern- 
ing the distribution of heat losses. 


Simplified Design Method 


To make the computational work re- 
quired for actual bearing design more sys- 
tematic, Table 2 is presented in three 
parts. Necessary entries and computations 
are indicated, and space is provided for 
given or determined values. Part A lists 
data needed to design the bearing. This 
information is usually given or known. 
Part B provides for preliminary calcula- 
tions that reduce the number of terms in- 
volved and simplify final computations. 
Values for all symbols used are obtained 


from Part A. Part C is a step-by-step 


(After Raimondi and Boyd.) 


process for final calculations which de- 
termine a temperature balance. Results 
obtained from Step 10 indicate whether or 
not the bearing design is satisfactory, and 
if not, what adjustment is necessary be- 
fore again proceeding through the ten 


steps. 


Heavily Loaded Bearings 


Operation beyond the maximum eccen- 
tricity ratios shown in Fig. 9 is to be 
avoided if at all possible. Occasionally, 
the bearing may be subjected to over- 
loads that are not too severe and of short 
duration. For this type of service the bear- 
ing should be carefully worn-in before be- 
ing overloaded. 

In any case, a maximum allowable 
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Fig. 11—Side-leakage flow factors for 360-deg full-film lubricated bear- 


ings having various L/D ratios. 


bearing characteristic number is approxi- 
mately 0.50 for steady (nonshock) loading. 
If continuous operation is desired at speeds 
and steady loads requiring a bearing char- 
acteristic number greater than 0.50, full- 
film hydrodynamic operation should be 
abandoned in favor of hydrostatic lubri- 


cation. 


Shock-Loaded Bearings 


In many applications, sleeve bearings 
under full-film lubrication are subjected 
to pulsating or reciprocating loads. Be- 
cause of high pressure and lack of con- 
tinuous sliding or rotation, oil-film break- 
down and severe wear should theoretically 
occur if the bearing characteristic number 
is used as a criterion. Strangely enough, 
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bearings properly designed for applications 
of this type show no signs of wear. Crank- 
pin and piston-pin bearings are examples 
of heavily loaded, slow-speed bearing hav- 
ing varying loads. Relative motion in such 
bearings is zero at periodic intervals, but 
nevertheless, an oil film is maintained be- 
tween bearing surfaces. 

This load-carrying phenomenon can be 
explained by the fact that a viscous lubri- 
cant cannot be instantaneously squeezed 
out from between two surfaces that are 
approaching each other. Thus, if the load 
is of short enough duration, such as a 
shock load or a rotating load, the two sur- 
faces will not meet before the load is 
removed. 

This type of lubrication is called 
“squeeze film.” Requirements for success- 
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ful squeeze-film lubrication are: 


1. Copious amounts of lubricant with 
sufficient viscosity to resist being 
squeezed out of the clearance space. 


. Short duration of shock loads to avoid 
metal-to-metal contact. A reciprocat- 
ing load or rotating load fulfills this 
requirement. 


. Absence of oil grooves or holes in the 
load-carrying region to avoid reduc- 
ing the squeeze-film pressure de- 


veloped. 


. Bearing materials which readily con- 
form to shock loads without deform- 
ing, thus distributing load and squeeze 
film over a greater area. 


Development of a squeeze film does not 
depend on rotational speed, and hence 
squeeze films may be used to good ad- 
vantage when there is no relative sliding 
velocity. 

Design of a bearing which requires 
squeeze-film lubrication, because of slow 
(or zero) relative speed or extremely large 
loads, can be attempted if magnitude of 
load W, and its duration, 4t, are known. 


Both these quantities are assumed to be 
constant. If load varies, as it would for a 
rotating load, some average load mag- 
nitude and time must be determined. With 
duration and magnitude of load known, 
the required length of bearings may be 
determined with 


(At)m?W, 


nannies (11) 
k,DZ 


Shock-load factor k, depends upon lubri- 
cant film thickness both before and at 
the end of the shock load. Fig. 12 shows 
values for k, as determined by journal 
eccentricity ratio before the shock load, 
e,, and journal eccentricity ratio at the 
end of the shock load, ¢,. Use of Fig. 12 
is illustrated for a journal that operates 
with an initial eccentricity ratio of e, 
0 and is required to have an eccentricity 
ratio of 0.60 at the end of the shock’ load. 
Enter the graph along the bottom at e, 

0.60 and move up until curve e, = 0 
is intersected. Then move horizontally to 
the k, scale and read 1.43. With k, and 
the magnitude and duration of shock load 
known, the required length of bearing 
can be computed using Equation 11. 

Curves in Fig. 12 can also indicate 
whether or not a given bearing will carry 
a given shock load. 

Exampce: A bearing with | in. diam, 
1 in. length, and m = 1.0 operates at a 
speed of 1000 rpm with a steady load of 
100 Ib and a lubricant viscosity of Z = 
10 centipoises. Determine lubricant film 
thickness at the end of a shock load of 
500 Ib applied in addition to the steady 
load for 0.05 second. 





DESIGN DATA 


First, calculate the bearing characteristic 
number: 
(1)#(100) 


A = 0.01 
(1)*(10) (1000) 


From Fig. 9, for L/D 1.0, « has a value 
of 0.42. Let this value be «,. Then using 
Equation 11, 
(At)mwWw, 
DLZ 


k, 


(0.05) (1)2(500) 
——— = 2.5 
1x1x*10 
Enter Pig. 12 at k, «= 2.5 and move hori- 
zontally to an interpolated curve for «, = 
0.42. Then, directly below on the e¢, scale, 
read ¢, = 0.83. Therefore, minimum film 
thickness will be, from Equation 4, 


h, = 0.5 X 10°3(1 — 0.83) = 0.000085 


This is an acceptable value for minimum 
film thickness under shock loading. 

Some error is introduced when short 
bearings with a small L/D ratio are con- 
sidered because the assumption was made 
in the derivation of k, that lubricant does 
not flow in the axial direction. However, 
shock-load factors ir Fig. 12 can be used 
with reasonable accuracy for bearings hav- 
ing L/D ratios as low as 0.5. 


Lightly Loaded, High-Speed 
Bearings 


An unstable condition sometimes ex- 
perienced by lightly loaded, high-speed 
sleeve bearings is known as “half-frequency 
whirl.” This phenomenon is very serious 
and troublesome, especially with vertical 
guide bearings, and results from instability 
of the oil film. Half-frequency whirl oc- 
curs when the shaft starts to whirl around 
in the clearance space. If the condition 
becomes serious enough, shaft and bearing 
may destroy themselves. This type of 
whirl is defined as a condition in which 
the center of the journal rotates or orbits 
about the center of the bearing at a fre- 
quency equal to approximately one-half 
the rotational or spin speed of the shaft. 

Where speed of the shaft is less than 
the first critical speed, half-frequency whirl 
will begin to occur at a shaft speed deter- 


mined approximately by 


(12) 


‘ DNZ % 
N. :. X 103 ( ) 
‘mW, 


Whirl-speed factor k, is obtained from 
Fig. 13. 

If the computed value of N, is greater 
than the contemplated operating speed, 
the journal will not suffer from half 
frequency whirl. However, if N, is less 
than the desired operating speed, the jour- 
nal will begin to whirl when the spin 
speed is approximately equal to N.. Fur- 
ther increase in speed will cause the jour- 
nal to whirl more severely with the result 


mw 


Part A—Known Data 





— 


Value 





Total steady lood 
Journal speed 

Journal diometer 
Clearance factor 


Oil inlet temperoture 


Rodiol clearance 
Ventilation foctor 
Lubricant factor 


Lubricant density 





Ambient atmosphere temperoture 


Lubricant specific heat 


Deod weight supported 








F 


Ronkine 











Part B—Simplified Data 





oo 


Calculation 


Value 





2 2 
mW/OW 
monwxio® 

no wxio® 


usxio “AKAs +1) 





| 35/42 4 











Part C—Final Calculation Form 





Values for First 
Assumption 


Values for Second 
Assumption 








7,(assumed), deg Rankine 
Z\known), centipoise 
A=K&/Z 
L (Fig. 9), in 
€ (Fig. 9) 


h,=C(1- €), in., (Equation 4), in 


BR k, k>, hp 


9 O=Kg k,, gpm 


| @ (Fig. 8), deg 
| 


10. | Br Brk, +40 7 / 


-y Q), deg Ronk 
Kit Ke ), deg Rankine 
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Preliminary Steps 


Part A: Fill in values dictated by 
the problem. Select m from Fig. 2 
through 6. Obtain Ki and s from 
Table 1. Values of y and cp should 
be known. Average values for normal 
petroleum lubricants are y = 7.5 Ib/ 
gal and cp = 0.48 Btu/Ib-deg F (see 
Chapter 3). 


Part B: Make calculations indicated, 
obtaining necessary values from Part A. 


Final Calculations 


Step 1: Choose a suitable value for 
Tz. Temperature T2 should not be so 
high as to weaken the bearing ma- 
terial or damage the lubricant. 


Step 2: Determine Z for assumed 
temperature T2 (see Chapter 3). 


Step 3: Calculate A by dividing fac- 
tor ki from Part B by Z from Step 2. 


Step 4: Obtain L/D ratio from Fig. 
9 using the curve for recommended 
operating eccentricity ratio and the 
value of A in Step 3. Then, calculate 
L by multiplying the L/D ratio times 
D from Part A. 


Step 5: Obtain ¢ from Fig. 9 for 
value of A in Step 3 and the curve 
for recommended operating eccentricity 
ratio. 


Step 6: Find ho using C from Part 
A and e from Step 5. 


Step 7: Obtain angle @ from Fig. 
8 for « of Step 5 and the L/D ratio 
obtained for Step 4. 


Step 8: Obtain ky from Fig. 10 for 
value of A in Step 3 and the L/D 
ratio obtained for Step 4. Then, cal- 
culate Pr by multiplying ky times fac- 


rpm; D = 15 in m = 1.025 from 
Fig. 2; Ti = 130 F = 590 Rankine; 
Ts = 100 F = 560 Rankine; C = 
0.8 X 10° in.; Ki = 16 from Table 
1; s = 0.63 from Table 1; y = 7.5 
lb per gal; cp = 0.48 Btu/lb-deg F; 
Wm = 2 lb. 

Calculations for Part B are: ki = 
(1.025)2(500) /(1.5)2(1000) = 0.234; 
ke = 1.025(1.5) (1000) (S00) (10°¢) = 
+ Cb = 1,025(1.5)* (1000) (10-*) = 

3.46 10°3; ke = 15 X 10°*(16)/ 
(0.63 + 1) = 0.147 X 10°; ks = 
7.5(0.48) /42.4 = 0.085. 

Values for the complete design are 
tabulated for Part C. 


Explanation: First entry for Step 1 
in the table for Part C is an assumed 
value for T2. Since the bearing will 
be oil-bath lubricated, a reasonable 
temperature rise would be 10 F, or 
Tz = 600 Rankine. 

First entry for Step 2 is obtained 
from the manufacturer of the SAE 20 
oil for T2 in Step 1. 

First entry for Step 3 is 0.234/25 = 
0.0094. 

For Step 4, length is 0.7(1.5) = 1.05. 

First entry for Step 5 is obtained 
from Fig. 9 for the Value of A in Step 
3 and the curve for recommended op- 
erating eccentricity ratio. 

First entry for Step 6 is 0.8 X 10°% 
(1 — 062) = 0.304 X 10°. This 
is an acceptable minimum film thick- 
ness. 

First entry for Step 7 is obtained 
from Fig. 8 for the L/D ratio noted 
in Step 4 and the value of « in 
Step 5. 

For Step 8, frictional horsepower is 
0.040(0.768) = 0.0307. 

For Step 9, oil-flow rate is 2.60 
(3.46 X 10%) = 9.00 X 10°. 

First entry for Step 10 is (0.0307 + 
0.147 X 10% X 560 + 0.085 X 9.00 
x 10% X §90)/(0.147 X 103 + 
0.085 X 9.000 X 10%) = 619. 


10—DESIGN ANALYSIS 


Since this value for Tz does not 
agree with the assumed value in Step 
l, a new assumption must be made. 
The second assumption, Tz = 615 
Rankine, is entered for Step 1. Pro- 
ceeding through the calculations as just 
described gives a calculated value of 
611 Rankine for Step 10. A third as- 
sumption is made and the calculated 
value of 612 Rankine matches the as- 
sumed value of T2. Hence, the third 
cycle represents a solution, and the re- 
sults obtained for the other values are 
valid. 

Bearing bore diameter Dg will be 
D + 2 = 15 + 2(08 X 10%) = 
1.5016 in. 

Center of the operating journal, from 
Equation 6, will be distance e from 
center of the bearing: e = 0.60(0.8 X 
10-*) = 0.48 X 10° in 

Theoretical oil-flow rate that will 
support the journal in its calculated 
position is 0.00986 gpm, or 1120 drops 

r min. Minimum oil-flow rate for 
a film che from Equation 7b, 

sQ’ = x io (1.20 + 0.0043 
x $00/1.5)<1.025)(1.5) (1000) = 20.2 
drops per min. 

Thus, if the oil supply rate is re- 
duced to approximately 20 drops per 
min, full-film lubrication may still be 
possible. However, the journal will 
nearly be touching the bearing, and T2 
will be much larger than the assumed 
value of 612 Rankine because, in this 
problem, lubricant is used to remove 
most of the frictional-heat generated 
within the bearing. As oil-flow de- 
creases, the bearing runs hotter. In- 
creased operating temperature will de- 
crease the absolute viscosity of the 
lubricant, which, in turn, will cause 
the journal to operate more eccentrical- 
ly. Likewise, if oil-flow is reduced to 
a low rate, sufficient lubricant may not 
be available within the bearing to 
fill the clearance volume. Hence, the 
journal must operate more eccentrically. 





tor ke from Part B. 


Step 9: Obtain kg from Fig. 11 for 
value of A in Step 3 and the L/D Fi 
ratio obtained for Step 4. Then, cal- = 
culate Q by multiplying kq times fac- 
tor kz from Part B. 


Third 
Assumption 


Second 


Assumption Assumption 





600 615 612 


Use factors ; ? 
25 18.3 19.5 


kg and ks from Part B, temperatures : 4 2 


Step 10: Calculate To. 


T: and T2 from Part A, frictional 
horsepower Pr from Step 8, and oil- 0.0094 0.0128 0.0120 


flow rate Q from Step 9. If the value (L/D = 0.7) (L/D = 0.85) (L/D = 0.80) 
of T2 calculated in Step 10 does not , 1.05 1.275 1.20 


agree with the assumed value in Step 
1, another value is assumed for T2 and 

* ; . " = 7 A 2 

the process in Part C repeated until 0.62 0.60 0.60 
agreement is obtained. 





0.304 X 10°8 0.32 x 10°3 0.32 X 10°8 


48 50 50 
0.0307 0.0253 0.0261 
cision spindle operating with full-film ? , 
lubrication. A well-ventilated, oil-bath 9.00 X 10°8 10.03 x 10° 9.86 X 10% 
oe oe with SAE 20 motor | 619 611 612 


Known values for the Design Sheet, 
Part A, are: W 500 Ib; N = 1000 


Numerical Example 


Design a sleeve bearing for a pre- 
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DESIGN DATA 


that stable operation at desired operating 
speed N will not be obtainable. If such 
is the case, the bearing will have to be 
redesigned and re-evaluated until N, is 
sufficiently above the operating range. In 
general, if the shaded region in the lower 
left corner of Fig. 9 is avoided, the bear- 


ing should not be susceptible to half-fre- 
quency whirl. 


Hydrostatic Lubrication 


The method of lubrication discussed up 
to this point has dealt with hydrodynam- 























Rotio of End of Shock Lood, 6, 








Fig. 12—Shock-load factors at various initial and final eccen- 
tricity ratios for 180 and 360-deg bearings. 


Fig. 13—Whirl-speed factors for 360-deg full-film lubricated 
bearings having various L/D ratios. 


ically lubricated bearings. In hydrody- 
namic bearings the fluid pressure needed 
to support the load is generated within 
the bearing by relative motion of the bear- 
ing members. Load-carrying capacity there- 
fore depends upon relative shaft speed. 

In applications where loads are high 
and speeds are low, hydrodynamic lubrica- 
tion may be impossible. When this is 
true, and when full-fluid-film lubrication 
with no metal-to-metal contact is still de- 
sired, hydrostatic lubrication may be used. 

A hydrostatically lubricated bearing re- 
ceives high-pressure lubricant from an ex- 
ternal source. Lubricant is injected into a 
recess in the load zone of the bearing. 
Supply pressures required are usually far 
in excess of those normally used to supply 
lubricant to hydrodynamic bearings. Ex- 
ternally supplied pressure is sufficient to 
“float” the shaft with respect to the bear- 
ing. A thick, fluid film therefore separates 
shaft from bearing even at zero speed. 
In many cases where high starting loads 
exist, the load is hydrostatically supported 
until the unit is up to speed. External 
pressure is then removed and the load is 
supported hydrodynamically. At other 
times when speeds are low, hydrostatic 
pressure is applied continuously. 

Some very distinct advantages that hy- 
drostatic bearings have over bearings of 
other types are: 


1. High load-carrying capacity at low 
speed. 
2. Extremely low running friction. 
3. Zero starting friction (at zero speed). 
. High stiffness. 
5. High reliability. 
. Predictable load-carrying capacity. 
7. Almost infinite life 


Coefficients of friction much lower than 
the 0.001 of hydrodynamic and rolling- 
element bearings are possible with hydro- 
static lubrication. 

Hydrostatic bearings have been applied 
with a great deal of success in rolling mills, 
machine tools, radio telescopes, optical tele- 
scopes, and other heavily loaded, slow-mov- 
ing equipment. However, specialized tech- 
niques, which include thorough knowledge 
of hydraulic components accompanying the 
bearing package, are required. 
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PLAIN BEARINGS 


Bearing Materials 
and Properties 





EARINGS operating with full-film 

lubrication, Chapter 10, theoretically 
never touch the shaft. So, if it were 
not for the necessity of starting and stop- 
ping, bearing materials for these applica- 
tions could be almost anything with the 
required mechanical strength. However, 
bearings do start and stop, and some are 
required to operste with boundary lubri- 
cation, or no iubrication at all for short 
Hence, successful application of 
a plain bearing depends on 
matching its properties to the demands 


periods. 
material 


Compatibility 
A measure of the antiweld and antiscor- 
ing characteristics of a bearing material 
when operated with a given mating ma- 
terial. All journal bearings experience 
some metal-to-metal contact, if only dur- 
ing starting. During metal-to-metal con- 
tact, sliding surfaces rub on microscopic 
high spots. The friction developed at 
these points can produce localized weld- 
ing, causing a seizing damage resembling 
scoring. Therefore, a good bearing ma- 
terial is one which will not weld easily 
to the shaft material. Liquid cadmium, 
for instance, will not wet a steel shaft. 


Conformability 
Ability to compensate for misalignment 
and to conform to other geometric er- 
rors. Good conformability is characteris- 
tic of soft metals with a low modulus 
of elasticity. 


Embeddability 
Ability to absorb dirt and other foreign 
particles to avoid scoring and wear. 
Usually, in metallic bearing materials, 
good embeddability is found in materials 
with good conformability. This is not 
true in nonmetallic materials. Carbon- 
graphite has a low modulus and good 
conformability, but its hardness gives it 
a poor ability to absorb dirt. 


Load Capacity 

Largely, this is an experience factor re- 
lated equally to design and iubrication, 
as well as to the strength and other 
performance properties of the material. 
Expressed in psi, it is a measure of the 
maximum hydrodynamic pressure which 
a material can be expected to endure. 
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of a machine. The operating factors to 
be considered include load, speed, con- 
tamination, life required, temperature, and 
the type and quantity of lubrication avail- 
able. No bearing material is equally good 
with respect to all requirements. The 
proper selection is still a matter of judg- 
ment, based on the most essential factors, 
Tables 1 and 2. 

Performance characteristics of common 
bearing alloys are indicated in Table 3. 
For instance, the babbitts and cadmium 
materials are rated highest on compatibil- 


Fatigue Resistance 
Particularly important in applications 
where the load changes direction, such 
as in reciprocating automotive and air- 
craft engines. When a bearing material 
experiences a fatigue failure, cracks are 
initiated just below the surface of the 
material at the points of maximum shear 
stress. In babbitt, these cracks propagate, 
at a right angle to the surface, down to 
the bond with the backing material. Then 
they progress along the backing material 
and join other similar fatigue cracks. 
When sufficiently weakene |, the bearing 
material begins to flake loose. Low-mod- 
ulus materials are often used as thin 
overlays over strip steel to improve fa- 
tigue resistance. 


Corrosion Resistance 
Corrosion resistance is important where 
uninhibited industrial lubricating oils are 
used. Oxidation products from some lu- 
bricating oils can attack and corrode 
cadmium, lead, zinc and some copper 
bearing alloys. Corrosion effects can be 
minimized by such modifications as ap- 
plying a thin flash of indium over cad- 
mium or lead alloys, or by adding tin to 
lead babbitt. Both tin and aluminum al- 
loys are usually unaffected by oxidized 
oils 


Cost Factors 
Overall costs are frequently the deciding 
factor in selection of a bearing material. 
Some materials cost more than others. 
Frequently, however, a thin layer of a 
high-cost material can supply the nec- 
essary bearing characteristics while a 
low-cost backing material provides nec- 
essary structural strength. 


ity for operation against steel shafts. Bab- 
bitts, which are soft, low-melting alloys, 
are best in conformability and in embed- 
ding dirt. The harder, higher strength 


materials such as the bronzes, aluminum, 
and silver will carry heavier loads and 
offer better fatigue strength. 

The physical properties of a variety of 


Hardness 

The softer the bearing material the bet- 
ter its antiscoring, conformability and 
embeddability properties. Higher hardness 
provides better load capacity and greater 
wear resistance. Where high bearing hard- 
ness is required for high loads make sure 
that: 1. The shaft is harder than the 
bearing material. 2. Both shaft and bear- 
ing have high finish. 3. Surfaces are 
free from dirt. 4. There is an adequate 
lubricant supply. 5. Chances of misalign- 
ment are minimized. 


Strength 

Compressive and shear strengths of bear- 
ing materials are important, but ten- 
sile values are usually more readily avail- 
able and give a good overall measure of 
the mechanical strength characteristics. 
Modulus of elasticity is related to tensile 
strength, and a low value allows more 
deflection under load for better con- 
formability. In general, lower strength 
materials, such as babbitts, require some 
support and are normally used as a thin 
layer over a stronger metal such as steel, 
bronze, or cast iron. 


Temperature Effects 
Coefficients of expansion for the bearing 
material, the housing, and the shaft 
should match. Otherwise, design allow- 
ances are n to give the proper 
bearing clearance ai its operating tem- 
perature. Possible distortions at extreme 
temperatures should also be checked. A 
high thermal conductivity is desirable for 
bearing materials so that frictional heat 
is readily dissipated to the housing. if 
thermal conductivity is low, a good sup- 
ply of lubricant is necessary to carry 
away heat. Transformation temperatures 
for structural changes, as well as melting 
and softening points, should be consid- 
ered from the standpoint of expected op- 
erating range. 
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DESIGN DATA 


Conform- 
ability 
Hardness, Hardness, Min Shaft Maximum & Em- Corrosion 
Room Temp 300 F Hardness Operating Compati- bedda- Resist- Fatigue 
(Brinell) (Brinell) (Brinell) Temp, (F) bility* bility* ance* Strength* 





Tin-base babbitt 20-5 6-12 150 or less 300 


Lead-base babbitt 5 6-12 150 or less y 300 


Three-component 


bearings, babbitt 
surface 230 or less 2000—4000 + 


Cadmium base 30 15 200—250 1500-2000 


Copper lead 20-~ 20-23 200 1500-2500 


Lead bronze 40-7 410-60 300 3000-4000 
Tin brome 60 60-70 300-400 4000 + 
Aluminum alloy 5 40-45 200-300 4000 + 


Silver (overplated) 25 25 300—400 4000 + 


eowoe ww Wh 





(*) Arbitrary seale with 1 being the best material and 5 the worst 

















Nylon lining 


Leod babbitt, 
» } 1 re of eng ring ston! sire 
Despite the wide range of engines g Tin babbitt, 


materials available, the requirements in steel strip 


Tables | and 2 lead to the primary use Aluminum, 
steel strip 


hearing materials are given in Table 4 


of the following materials in present-day 
bearings: 1. Soft babbitt metals composed Porous iron 
primarily of lead and tin. 2. Copper Copper-lead, 
alloys, including lead and tin bronzes steel strip 
and the softer copper-lead alloys. 3. 














ua Leaded bronze 
Aluminum alloys. 4. Porous metals. 5. 

Other metals such as cadmium, silver, and | Three-component, 
~ steel strip 
cast iron. 6. Plastics. 7. Other nonmetal- 


lic materials such as carbon-graphite, Leaded bronze 





wood, rubber, and ceramics. Typical prices 
; , Carbon-graphite 
for bearings made of various materials 

are shown in Fig. 1. 


Rubber 
Babbitts 


Tin and lead-base babbitts are probably 
the best known of all bearing materials. Cast lead babbitt, 
With their ability to embed dirt and steel shell 
excellent compatibility properties under 
boundary brication conditions, babbitt 
bearings are used in a wide range of 

Cast tin bobbift, 
ipplications including household ap steel shell 
pliances, automobile ard diesel engines, 





railroad cars, all sizes of electric motors 
and generators, steam and gas turbines, 


‘ dustrial dar rine wer ; . 
and ind ial and marine gear units. Approximate Cost (dollars) 


In small bushings for fractional-horse 











ower motors and in 1utomotive engine — . . . . . . 
ays ae Fig. 1—Cost of a 1-in. sleeve bearing when made of various materials. A cast tin 
> wre | (the hyhitt rene . " . . . e 

earings, ibbitt is generally used as babbitt bearing is approximately $3.10, a nylon bearing is $0.05. 

a thin coating over a flat steel strip 


After forming oil distributing grooves and 
drilling any required holes, the strip is 
1 
it 


cut to size, the r 


ed and shaped into 
the finished bearing These are avail 


ft diameters from 0.5 to 5 in 


»ble for sha 
Strip beraings are turned out by the 
| f 


millions yearly from automated factories 


and offer an excellent combination of 
low cost with good bearing properties 
For larger bearings in heavy-duty equip 

me ker babbitt to y : . i : , 
nent, a thicker babbitt is cast on a rigid Fig. 2—Large bearings frequently have cast babbitt linings in a cast-iron or steel shell. 
backing of steel or cast iron, Fig. 2 There are several methods of babbitting the shell. Two methods commonly used are 
Chemical and electrolytic cleaning of the static and centrifugal casting. Two more recent methods are metal-spray babbitting 
and diffusion bonding. Babbitt linings in larger bearings are generally employed in 
, thicknesses Ye in. or over, and must be provided with some anchorage to the support- 
‘ & 
and then centrifugal casting of the babbitt . : : 

* age ing shell. These anchors can take the form of dovetail grooves, or, in the bearing 
is desirable for sound bonding of the shown, drilled holes counterbored from the outside and plugged. 


bearing shell, thorough rinsing, tinning, 
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11—BEARING MATERIALS 
babbitt to the bearing shell. After ma- 


chining, the babbitt layer is usually 1% 
to 4 in. thick. 

Compared to other bearing materials, 
babbitts generally have lower load-carry- 
ing capacity and fatigue strength, are a 
little higher in cost, and require a more 
complicated design. Also, their strength 
decreases rapidly with increasing tem- 
perature, Fig. 3. These shortcomings can 
often be avoided by using an intermediate 
layer of high-strength, fatigue-resisting 
material between a steel backing and a 
thin babbitt surface laver. Such com- 
ih Ad posite bearings frequently eliminate any 
Metals need for using alternate materials with 

Lead babbitt ak 10,000 f | . poorer compatibility characteristics. 

Tin babbitt ‘ 11,000 2 : : Specifications established by the SAE 

Copper lead 2 8.000 i for babbitt compositions are indicated in 

Silver 2% 23,000 

Codiaiien Table 5. Grades 11 and 12 are tin- 

Aluminum alloy 4! 22,000 base babhitts and 13 to 15 are lead 

Leaded bronze 34,000 base. ASTM has adovted similar specifi- 

a “yo cations (B23). ASTM Grades 1 to 5 

are tin base and 6 to 19 are all lead 
base. 


x deg F/ft.]}) 


(psi x 10-*) 
x sq. ft. 


(psi) 











Hardness 

(Brinell) 

Tensile 

Strength 

Modulus of 
Elasticity 

Thermal Conductivity 
(Btu/ (hr 

Coefficient of 
Expansion (per deg F x 10*) 
Density 

(gm per cc) 























J @2 ew os 


Cast Iron | 35,000 


Porous Metals 


| Tin babbitt is composed of 80 to 90 
Sintered bronze 000 1 g . - - - 
: . pas a ap : per cent tin to which is added about 
Sintered iron f 5,000 . : 
3 to 8 per cent copper and 4 to 14 
per cent antimony. An increase in the 
copper or antimony produces increased 
Teflon i 3,000 Leal 4 -] ; id 
| 4 ~< > ¢ ¢ - 
Nylon O79) 900 , ardness and tensile strength, and de 
Phenolic ew 000 5 2 ‘ : creased ductility. If the percentage of 
Delrin } (M94) | 000 : these hardening allovs is increased above 
xan | (M70) 5 3: ‘ a " - 
Laman y GETS _ | the range indicated in Table 5 the re- 
sulting alloy will have decreased resist- 
he , > . ' . . 
Other Nonmetalt ance to cracking and decreased fatigue 
Rubber ‘ : : strength. 
Wood _ Of the three tin-base babbitts listed, 
Carbon-graphite | 730 2,000 i same =e P 
Cemented tungsten | SAE Ill grade (or the ASTM Grade 3 
carbide | 1800 000 3.3 with 8 per cent copper and 8 per cent 
Fused aluminum oxide 2000 hed 00 | antimony) finds extensive industrial use, 
and the SAE 12 alloy is most widely 





Plastics 











used in automotive applications. Tin 
babbitt is used in smaller volume than 
lead babbitt because of the higher cost 
of tin. However, it is frequently pre- 
ferred for industrial applications because 
of its better corrosion resistance, easier 








bonding, lower tendency for segregation, 
somewhat better high-temperature char- 


acteristics, and less tendency to pick-up 
on a shaft under conditions of poor lubri- 


cation. 


Lead babbitt compositions generally 


Fig. 3—Babbitt strength vs tem- a range from 10 to | 
perature. Strength of lead and 0 and up to 10 per cent tin in combina- 
tin babbitt drops rapidly with : tion with the lead. Lead babbitts based 
increasing temperature. How- ; 
ever, this deficiency can often 
be overcome by using a higher 
strength backing. 


- 


9 per cent antimony 


on lead-antimony-tin alloys have a struc- 
ture consisting of hard antimony-tin crys- 
tals in a relatively soft-high-lead matrix. 
SAE 14 alloy, containing 10 per cent tin 
for improved corrosion resistance, is popu- 
lar for many industrial, railroad, and au- 
tomotive applications. SAE 13 alloy is 
used where a softer babbitt is desired, but 
SAE 15 arsenical alloy, with its better 
100 200 high temperature hardness, finds the 
largest volume use of the three types 
Temperature (F) because of its ability to withstand higher 
loads and to provide longer fatigue life 
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Tin 86.0 min 
Antimony 6.0-7.5 
Lead 0.50 


Copper 5.0-4.5 
Iron 0.08 


Arsenic 0.10 
Bismuth 0.08 
Zine 0.005 
Aluminum 0.006 
Cadmium 

Others, total 0.20 





Composition*® (per cent) 


*All values not given as ranges are maximum except as shown. 


— Lead Base ———— 


SAE 14 SAE 15 
ASTM 7 ASTM 15 


SAE 13 


9.25~-10.75 0.9-1.25 
9.0-11.0 14.0-16.0 14.0-15.5 
Remainder Remainder Remainder 


0.50 0.50 0.50 


5.0-7.0 


0.25 0.80-1.20 
0.10 
0.005 
0.005 
0.02 
0.20 0.20 








Fig. 4—Fatigue strength vs bab- 
bitt thickness. Life increases as 
babbitt thickness goes up. Based 
on 2000 psi load. 


Fotigue Life (hours) 














0005 0010 09 0.020 0.025 


Babbitt Thickness (in) 








in the automotive and diesel field. 
Compared to tin babbitts, lead-base ma- 

and have less 

With quick 


microstructure, 


terials are less cost y 


tendency to score a shaft. 
chilling to give a fine 
thin surface layers for improved fatigue 
strength, and careful attention to bond- 


ing, lead babbitt gives excellent service 


SAE 
Alles 
Number 


480 Copper-lead 
(AMB 4840) 

67 Semiplastic bronze 

410 Leaded red brass 

460 Bronze bearings 

64 Phosphor bronze 

62 Gun metal 

620 Navy G 

63 Leaded gun metal 
(ASTM B148-52-9¢c) Aluminum bronze 





High-leaded tin bronze 


and finds use in much greater volumes 
than tin babbitt. 


Three-component bearings are especial- 
ly designed to improve the strength and 


fatigue resistance of babbitt materials. 
They consist of a low carbon steel back- 
layer of copper, 


ing, an intermediate 


Hardness 
(Brinell) 


Nominal Composition (per cent) 
cu Sn Pb Zn 


10 
85 (4 Fe, 11 Al) 


bronze, aluminum, or silver, and an over- 
lay of babbitt ranging from 0.0005 to 
0.005 in. thick. The intermediate layer 
increases the strength of the bearing 
and also provides reasonably good com- 
patibility in case the thin babbitt sur- 
face layer is worn through in operation. 

There is a marked improvement in 
fatigue strength which comes with thin 
babbitt surface layers, Fig. 4. Thin lay- 
ers do not have as good embeddability 
for dirt particles as thick layers. Never- 
theless, the high load capacity of three- 
component bearings has led to their 
frequent use in heavy-duty service in au- 
tomobiles, trucks, diesels, aircraft, and 
gear units. Their load capacity ranges 
up to 4000-5000 psi as compared with a 
limit of 1500 psi for babbitt itself. 

The intermediate layer of approximate- 
ly 0.008 to 0.030 in. thickness may be 
applied to the steel backing in various 
ways. Copper-lead and leaded bronze 
may be cast on continuously moving steel 
strip and then milled to size. Aluminum 
SAE 780 alloy sheet is bonded by hot 
rolling to 1010 steel sheet plated with 
nickel. Silver is electrodeposited. 

Sintered metals are also frequently used 
for the intermediate layer in three-com- 
ponent bearings. For copper-lead bearings, 
premixed powder of either 76 per cent cop- 
per and 24 per cent lead or a 65-35 mix- 
ture is spread on a moving steel strip. This 
is followed by sintering in a reducing at- 
mosphere, rolling, resintering, and then 
forming into the finished bearing. Copper 
powder in combination with 15 to 40 
per cent nickel is also continuously de- 
posited, sintered, and then vacuum im- 
pregnated with a surface layer of lead 
babbitt. Aluminum intermediate layers 
are also formed by powder metallurgy. 

After the intermediate layer is ma- 
chine finished, the thin babbitt overlay 
is added by precision casting, or by plat- 
ing. 


Bronzes and Copper Alloys 


Dozens of copper alloys are avail- 
able as bearing materials. Most of these 





Tensile 
Strength 
(psi) 
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can be grouped into four classes: 1. Cop- 
per-lead. 2. Leaded-bronze. 3. Tin 
bronze. 4. Aluminum bronze. 


Characteristics of typical copper alloy 
bearing materials are listed in Table 6. 
The alloys at the top of this listing 
have higher lead content, and correspond- 
ingly better compatibility properties. Thus, 
copper-lead and leaded bronzes are gen- 
erally the best bearing alloys despite their 
lower physical properties. Load capacity, 
strength, hardness, wear resistance, and 
fatigue strength increase as other alloy- 
ing elements such as tin, aluminum, and 
iron are added. 

Costs vary widely. Simple bronze 
bushings are usually cheaper than babbitt 
bearings; copper-lead bearings are more 
expensive. Compared to the softer bab- 
bitts, copper alloy bearings provide greater 
load capacity, better high-temperature op- 
eration, greater wear resistance, but poorer 
antiscoring properties. 


Copper-Lead: The binary copper-lead 
mixture containing from 20 to 40 per 
cent lead is the simplest copper bearing 
material. Since lead is practically in- 
soluble in copper, a cast copper-lead 
microstructure consists of lead pockets 
in a copper matrix. These pockets of 
lead serve as reservoirs for maintaining 
a continuous lead film on the bearing 
surface. 

With either continuous casting or with 
powder-metallurgy techniques, a_ steel 
backing is used with copper-lead bear- 
ings for increased strength. These bear- 
ings are also frequently used with a 
babbitt overlay in a three-layer construc- 
tion. The hardness of copper-lead ma- 
terials is similar to that of babbitt at 
room temperature, but is higher at tem- 
peratures approaching 300F. Corrosion 
of either the lead or copper can be 
minimized by the additives in  high- 
quality automotive and industrial lubricat- 
ing oils. 

The combination of good fatigue 
strength, high-load capacity, and good 
high-temperature performance has resulted 
in extensive use of copper-lead materials 
for heavy-duty main and connecting-rod 
bearings for internal combustion engines 
in commercial vehicles, trucks, diesels, and 
aircraft. They are also used to some 
extent at moderate loads and speeds in 
electric motors, turbines, and steam en- 
gines. 


Leaded Bronze: Cast bronze bearings 
offer: 1. Good compatibility. 2. Excellent 
casting and easy machining characteris- 
tics. 3. Low cost. 4. Good structural 
properties and high-load capacity. 5. 
Usefulness as a single material with 
neither a separate overlay nor a steel 
backing. Bronzes are available as stand- 
ard bar stock or may be formed into 
bearings by sand, permanent mold, in- 
vestment, centrifugal, or continuous cast- 
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ing. Bronze castings can often be made 
to serve a dual purpose, they can act as 
a structural part; as well as providing a 
bearing. 

Leaded bronzes consist of a copper-tin 
matrix, with 4 to 25 per cent lead held 
in mechanical suspension. The 4 to 10 
per cent tin content increases the strength, 
improves fatigue resistance, and increases 
the hardness above what is available with 
simple copper-leads. Zinc is sometimes 
used as a replacement for tin, and nickel, 
or nickel and silver, are often added to 
improve the corrosion resistance. 

Leaded bronzes have better compatibil- 
ity than tin bronze because the spheroids 
of lead smear over the bearing surface 
under conditions of inadequate lubrica- 
tion. With adequate physical properties 
for most applications, these alloys are gen- 
erally a first choice at intermediate loads 
and speeds. They are used in machine 


tools, home appliances, farm machinery, 
pumps, railroad cars, and rolling mills. 


The composition and properties of 
typical leaded bronzes are included in 
Table 6. SAE 660 alloy is currently the 
standard cast-bronze bearing material with 
many suppliers. It is available in hun- 
dreds of sizes of solid and cored bars 
and bushings for shaft sizes from 3/16 
to 4 in. The 80-10-10 SAE 64 phosphor 
bronze is also popular. Its relatively high 
hardness and good impact resistance brings 
it into wide use in steel plants for such 
applications as roll-neck bearings. It is 
also used in lathes, instruments, house- 
hold appliances, diesel rocker-arm bush- 
ings, automotive piston-pin bushings, 
pumps, and trunnion bearings. 

Softer SAE 67 with its higher lead 
content is sometimes preferred because 
it offers better compatibility characteris- 
tics and good performance where lubrica- 
tion is doubtful. It is widely used for 
diesel-engine bearings, in cranes and rail- 
way and earth-moving equipment. The 
70-5-25 high-leaded tin bronze is used 
extensively for railroad car and locomo- 
tive bearings and for good antiscoring 
properties with soft shafts. Lower cost 
of SAE 40 leaded red brass makes it 
attractive where excessive loads and speeds 
do not require one of the more ex- 
pensive alloys. 


Tin Bronze: These metals, including 
SAE 62, 620, and 63 alloys, generally 
contain from 8 to 20 per cent tin and 
a small amount of lead to aid in ma- 
chining. Small amounts of zinc and nickel 
are also often added to improve strength. 
With their high hardnesses, these tin 
bronzes require adequate and reliable 
lubrication, good alignment, and a mini- 
mum Brinell shaft hardness of 300 tc 
400. They are used in high-load, low- 
speed applications such as trunnion bear- 
ings, gear bushings for farm equipment, 
earth-moving machines, rolling-mill bear- 
ings, and for connecting-rod bearings, 
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piston-pin bushings, valve guides, and 
starter bearings in internal-combustion en- 
gines. 


Aluminum Bronze: Bronzes of very 
high strength can be obtained by using 
aluminum, iron, manganese, silicon, and 
nickel as alloying elements. Such bear- 
ings have excellent shock and wear re- 
sistance. The retention of high strength 
at elevated temperatures permits applica- 
tions in equipment operating above 500 F. 

Since aluminum bronze has poor com- 
patibility, embeddability and conform- 
ability, it is best suited for heavy-duty, 
low-speed applications with plentiful lubri- 
cation. 


Aluminum 


Aluminum alloys with properties spe- 
cifically designed for bearing applications 
are of relatively recent origin. With their 
high load-carrying capacity, superior fa- 
tigue strength, high thermal conductivity, 
excellent corrosion resistance and low cost, 
aluminum alloys have found extensive 
application in connecting-rod and main 
bearings in internal combustion engines, 
roll-neck bearings in steel mills, recipro- 
cating compressors, and aircraft equipment. 
Aluminum has not replaced babbitts for 
industrial equipment operating under a 
steady unidirectional load. Aluminum al- 
loys require hardened shafts and improved 
surface finish. They have relatively poor 
compatibility characteristics, and lack of 
sufficient embeddability and conform- 
ability. For automotive use, considerable 
improvement in antiscoring characteris- 
tics and embeddability is obtained by 
using a thin lead babbitt or electrode- 
posited lead-tin overlay. 

The most common aluminum bearing 
material contains 6.25 per cent tin, | 
per cent nickel, and 1 per cent copper 
(SAE 770). In this casting alloy, the 
tin is included for improved compatibility. 
The small amounts of copper and nickel 
provide increased strength, hardness, and 
scuff resistance. A wrought alloy is also 
available of the same composition ex- 
cept for the addition of 1.5 per cent sili- 
con (SAE 780). This alloy can be used 
to form satisfactory bimetal bearings con- 
sisting of SAE 780 sheet 0.030 in. thick 
bonded by hot rolling to low-carbon steel 
which was previously plated with nickel. 

A second major type of aluminum al- 
loy, such as the SAE 781, contains | 
to 3 per cent cadmium for improvement 
in bearing properties. Varying amounts 
of silicon, copper, and nickel may be used. 
This type alloy is used in making steel- 
back bearings with a 0.0005-in. overlay 
containing approximately 90 per cent lead 
and 10 per cent tin. This thin layer of 
babbitt provides improved surface proper 
ties for the composite bearing during the 
break-in period. 

A third type of aluminum bearing al- 
loy has been developed in England. This 
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to fill the voids in the metal. 

Many variations are possible to meet 
specific requirements. From 1 to 3.5 
per cent graphite is frequently added to 
enhance the self-lubricating properties. 
High porosity with a maximum amount 
of lubricating oil is used for high-speed 
light-load applications, such as fractional- 
horsepower motor bearings. A low oil- 
Fig. § Load-speed i content, low-porosity material with a 

PV toctor | Jaen high graphite content is more satisfactory 
cated bearings. See - 4 Nye + ++ for oscillati d : -ati ti 

- - 100.0007, TIS r oscillating and reciprocating motions 
Table to find the , ne led : , 
DY fecece Ueole for BO H00” ” where it is difficult to build up an oi 

= film. 


various materials. 7 
( a cad Ap 
20,000" 4 Limiting conditions for operation of 
10,000 


limits for semilubri- 


porous bronze bearings are given in Table 
7. With these, as well as with other 
semilubricated bearing materials, the 
500 500 1000 2000-5000 10000 limiting speed and load can be expressed 
as a PV factor. Since P is the load, 
Shaft Speed (rpm) psi, and V the surface velocity, fpm, this 
PV value gives an index of a frictional 
heat generated on a unit area of the bear- 

















ing surface. A maximum value of 50,000 is 
used for porous metal bearings. For long- 
time running with no additional lubrica- 


1) per cent tin alloy containing lubrication would be difficult. 


} per cont conser which hes tion 20,000 should be a limit in selecting 

loads for various speeds. For thrust bear- 
ings, a maximum PV of 10,000 should be 
used. The maximum load which can be 
carried for various PV factors can be 


determined from Figure 5. 


shown promise as a substitute for bronzes Porous Bronze: The most commonly 
in industrial applications as well as in used porous bearing material contains 90 
steel-backed bimetal bearings for auto- per cent copper and 10 per cent tin. 
motive use. Production bearings for in- Five principal steps are involved in the 


ternal combustion engines consist of 20 production of these porous bronze _bear- : : . 
Provision to replenish the oil supply is 


desirable when the PV factor approaches 
the maximum for continuous operation for 
extended periods of time, or for high tem- 
peratures. For such cases, oil can be ap- 
plied to the OD or ends of the bearing. 

volume. 3. The fragile briquette is then From there it is drawn, by capillary at- 
Porous ‘vietals sintered, below its melting point, into a traction, into the bearing itself and me- 
coherent solid mass. 4. The bore, OD tered to the shaft. A reservoir of grease 
next to the bearing can also be helpful. 


per cent tin and | per cent copper al ings. These are: 1. Powdered copper and 
loyed with the aluminum For some tin are blended into a uniform mix- 
applications in rolling mills and railroad ture. 2. The copper-tin powder is fed 
cars, they have been found to offer ad to hardened steel or tungsten carbide dies 
vantages of low cost and good high where it is pressed under high pressure 


temperature fatigue properties to approximately half of its original 


intered-metal, self-lubricating bearings ; ; Syme 
proved so practical for many bush- and faces are sized in a burnishing op- 
eration which brings the bearing to its 
final dimensions, while still preserving Porous Iron: These bearing materials, 
the pores of the surface for the feeding combining low cost with good bearing 
of lubricant. 5. The bearings are placed qualities, are used widely in automotive 
Sow dice cunsinn Ge LAP to in a bath of turbine-grade petroleum oil applications, toys, farm equipment, wheel 
1/29 of approximately SAE 30 or 40 viscosity bearings and machine tools. Powdered 


> 


ipplications that they are produced 
the rate of about 10 million a day 
bearings, flanged bushings, and 


washers are available in thousands 


und with lengths from 


low initial cost of such 
ned with the design sim 

provide, has made them 
ne appliances, small mo 


ls, aircraft and automo 

Max PV Limit 
business machines, instru- Load Speed (P=psi load) 

und farm and construction equip Capacity (psi) (fpm) (V=surface fpm) 


Mos I ta bearings consist 
Porous bronze 4500 1500 
either of bre r n which has inter 


> Porous iron 8000 800 


connecting pore I . voids ake up 


10 to p { he total volume Phenolics 6000 2500 
In operation, the lubricating oil is stored Nylon 1000 1000 
these voids an ™ throug the 
in LES ‘ und = feed Ww h the Teflon a 100 
interconnected pores to the bearing sur 
Reinforced teflon 2500 
face Any oil which is forced from the 
loaded zone of the bearing is reabsorbed Teflon fabric 60,009 » -” 
by capillary action. Over-all loss of oil Delrin 1000 1000 
from such a bearing is low Since the Carton 600 f 2500 
» y 7 f » te 0 lo y ~ ty . { 
bearing can operate for long periods of —o 50 4000 ae 
time without additional supply of lubri 
Wood 2000 g 2000 15,000 
cant, such bearings are useful in inacces- 











sible or inconvenient places where re- 
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applications ranging from electric razors 
to steel rolling mills and ocean liners. 
Although many different types of plastics 
have properties which make them attrac- 
tive for specific applications, those which 
are currently most popular are the phe- 
nolics, nylon, Teflon and their modifica- 
tions. 


——— Permissible Load —— 
Surface Porous Porous 
Velocity Bronze Iron 
(fpm) (psi) (psi) 
None 8,500 20,000 
Slow, intermittent 4,200 8,000 
Phenolics: These composite materials 
consist of cotton fabric, asbestos, or other 
fillers bonded with phenolic resin. The 
good compatibility of the phenolics makes 


25 to 50 2,250 3,000 
50 to 100 625 700 
100 to 150 400 400 
150 to 200 300 300 


Over 200 











Fig. 6—Laminated phenolic staves are 
often used to fabricate bearings for large 
propeller shafts. Smaller laminated 
phenolic bearings are molded or ma- 
chined to shape. This material is ideal 
for water-lubricated bearings. In fact, 
because of low heat conduction through 
the material, a generous supply of lubri- 
cant is almost always required to carry 
away heat generated on the bearing sur- 
faces. 


Fig. 7—Bearing formed with nylon lin- 
ing. Nylon strip is inserted in metal 
shell; split in strip allows expansion. 


up to 10 per cent copper for improved 
strength. At low speeds, the load ca- 
pacity of sintered iron is about 50 per 
cent higher than the load capacity for 
sintered bronze, Table 8. However, the 
limiting surface speed for sintered iron 
bearings is 800 fpm, one-third lower than 
the 1200-1500 fpm allowed for sintered 


bronze. 


Other Metals 


Practically all engineering metals have 


been used at one time or another as 
bearing materials. Cadmium, silver, and 


cast iron have found considerable use. 


Cadmium bearing alloys contain | to 
1.5 per cent nickel, or 0.4 to 0.75 per 
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cent copper, and 0.5 to 2.0 per cent sil- 
ver. Since they have high-temperature 
fatigue properties which are superior to 
babbitt, cadmium bearings have been used 
in some passenger-car and truck engines. 
With the low affinity of cadmium for 
steel and the excellent compatibility. char- 
acteristics of cadmium-base alloys, they 
have also been used successfully in steel 
and bronze rolling mills for heavily loaded 
roll-neck bearings. Use of these alloys 
has dropped off, however, because of their 
high cost and poor corrosion resistance. 


Silver bearings have an excellent record 
in heavy-duty applications in aircraft en- 
gines and diesels. For reciprocating en- 
gines, silver bearings normally consist of 
electrodeposited silver on a steel backing, 
with an overlay of 0.001 to 0005 in. of 
lead. The lead adds improved embed- 
dability and antiscoring properties to the 
silver. Indium is usually flashed on top 
of the lead overlay for corrosion pro- 
tection. 

The good compatibility characteristics 
of silver can be used in various applica- 
tions other than in reciprocating engines. 
A thin coating of silver plate will fre- 
quently relieve any welding or seizing 
otherwise encountered under severe rub- 
bing conditions in machine components. 


Cast iron still finds application as an 
inexpensive bearing material for operation 
under relatively light loads. The flake 
graphite in the cast iron develops a glazed 
surface which is useful at surface speeds 
up to 130 fpm and at loads up to about 
150 psi. Frequently the bearing surface 
is mochined directly in the cast iron 
structure. Because of the poor conform- 
ability of cast iron, good alignment and 
freedom from dirt are essential. 


Plastics 


Plastics are finding increasing usage 
because of their freedom from corrosion, 
quiet operation, availability in molded 
shapes, and their excellent compatibility 
which minimizes or even eliminates the 
need for lubrication. They find use in 


them easily lubricated by various fluids. 
This allows them to be used as pump 
bearings with the water serving as the 
lubricant, Fig. 6. They have replaced 
wood bearings and metals in such ap- 
plications as propeller and rudder shaft 
bearings in ships, electrical switchgear 
bearings, metal rolling-mill bearings, and 
water turbines. In small instruments and 
clock motors laminated phenolics serve 
as structural members as well as a bear- 
ing material. They have excellent strength 
and shock resistance, coupled with resist- 
ance to water, acid, and alkali solutions. 
Physical properties of phenolic bearings 
are indicated in Table 4, and the usual 
operating limits of phenolics and other 
plastics are indicated in Table 7. 

Some precautions must be observed with 
phenolic bearings. Thermal conductivity 
is low, so heat generated by bearing fric- 
tion cannot readily be transmitted through 
the bearing liner. Consequently, larger 
heavily loaded bearings must have a 
generous feed of water or lubricating oil 
to carry away heat. Some swelling and 
warping of these bearings occur in the 
larger sizes, so larger than normal shaft 
clearances are required. 


Nylon: Although the phenolics have 
predominated in heavy-duty applications, 
nylon has the widest use in bearings. 
In small, lightly-loaded bushings it ex- 
hibits low friction and requires no lubri- 
cation. Nylon is quiet in operation, re- 
sists abrasion, wears at a low rate, and 
is easily molded to close tolerances. Prob- 
lems with cold flow of nylon at moderate 
loads can be minimized by using a thin 
liner of the material in a well-supported 
metal sleeve, Fig. 7. 

Improvement in the mechanical prop- 
erties, rigiditv, and wear resistance is ob- 
ta'ned for some applications by adding 
fillers such as graphite and molybdenum 
disulphide to nylon. While the maximum 
recommended continuous service tempera- 
tvre for ordinary nvion is 170F, and 
250F for heat stabilized compositions, 
filled nylon parts resist distortion at tem- 
peratures up to 300 F. 

Nvion has been found well-suited for 
bearing applications in textile machinery, 
food wrapping machines, movie projec- 
tors, baby carriage and tricycle wheels, 
refrigerator shelves, business machines, 
door rollers, automobile door handles, and 
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iron parts are frequently infiltrated by 
mechanisms operating in water, milk, gaso- 


line, and solvents 


Teflon: This material, with its excep- 


tionally low coefficient of friction, self 
lubricating characteristics, resistance to at- 


tack by almost any chemicals, and its wide 


temperature range is one of the most in 


teresting of the plastics for bearing use 


High cost 


pacity has 


low-load ca 
Teflon to 


combined with 


frequently caused 
be selected only in some modified form, 
where other less expensive materials have 
Teflon is used as a 


knuckle 


oints, chemical and food proc- 


proved inadequate. 


material in 


bearing automotive 
and ball 
essing equipment, aircraft accessories, tex- 
tile machinery, and business machines. 


While unmodified 


to a PV value of only 


Teflon can be used 
1000, Teflon filled 
with glass fiber, graphite or other inert 
materials can be used at PV values up to 
10,000 or more for specific conditions. In 
higher P\ 


Teflon bearings at low speeds where 


general, values can be used 
with 
its coefficient of friction may be as low 
as 0.05 to 0.1 
Despite the wide temperature range over 
1 Teflon can be used, small quantities 
vapors are given off at tempera- 
above about 4851 For this reason, 
suppliers should be contacted for recom 
mendations on any processing, dry machin- 
ing or applications involving elevated tem- 
perat ireés. 

A bearing material has been developed 
which combines the low friction and good 
wear resistance of lead-filled Teflon with 
the strength and thermal conductivity of 
a bronze and steel supporting structure 
A tin-plated steel backing is covered with 
a thin layer of sintered spherical bronze 
The porous bronze is then im 


of Teflon and 


lead to provide a thin surface layer. De 


partic les 


pregnated with a mixture 


sign loads of 8000 psi are possible with a 


range ol 330 to 


service temperature 
+536 | 
Wover 


as bearing material 


Teflon fabrics are often used 
Sometimes combined 
resins, or 


with impregnates of phenolic 


Fig. 8—Carbon-graphite bearing. Carbon 
is mixed with binder, then formed into 
strips. Strips are fastened to shell to 
form bearing. 
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vinyl plastic, they provide a convenient 
bearing material for slow-speed applica- 
tions, ranging up to 50 fpm. These ma- 
automotive thrust 
bearings, 


are used for 
socket-type 
frame 


terials 
washers, ball and 
bridge spinning 
trunnion bearings and aircraft accessories. 
This fabric is more readily handled and 


bearings, rollers, 


applied than solid Teflon. 


Other Plastics: Two new plastics for 
bearings are the polycarbonate, Lexan, and 
the acetal, Delrin. Since both of these plas- 
tics can easily be injection molded, bear- 
ings can be formed quite economically. 
They both have good physical properties, 
with Lexan being particularly stable in 
applications where nylon has shown a 
tendency to cold flow. Delrin has been 
used for bearings in electric shavers, egg 
rollers, and door 


beaters, lawn-mower 


hinges. 


Other Nonmetallics 


Various nonmetallic materials are used 
in special fields. Self-lubricating proper- 
ties, high-temperature stability, solvent re- 
sistance or low cost are usually found 
among their desirable selection factors. 
Among those finding the greatest current 
popularity are carbon-graphite, wood, rub- 


ber and ceramics. 


Carbon-Graphite: The self-lubricating 
properties of carbon bearings, their sta- 
bility at temperatures up to 750 F, and 
their resistance to attack by chemicals and 
solvents give them important advantages 
in fields where other bearing materials 
are unsatisfactory, Fig. 8. Carbon-graphite 
bearings are used where contamination 
by oil or grease is undesirable, as in tex- 
tile machinery, bread mixing and food 
handling machinery, and pharmaceutical 
and miik processing equipment. They are 
used as bearings in and around ovens, 
furnaces, boilers and jet engines where tem- 
high for the use of 


peratures are too 
They are also 


conventional lubricants. 
used in low-viscosity and corrosive liquids 
in such applications as metering devices 


or pumps for gasoline, kerosene, hot and 


Fig. 9—Rubber bearing. Used extensive- 
ly for propeller shafts on boats, elasto- 
meric bearings have good conformability, 
a factor important to prevent sand from 
scoring the shaft. 


cold water, sea water, chemical process 
streams, acids, alkalis and solvents. 

The composition and processing used 
with carbon bearings can be varied to 
provide the characteristics required for 
particular applications. The ingredients 
for a typical bearing grade are 75 per cent 
of finely divided, powdered carbon ma- 
terials and 25 per cent of coal tar pitch. 
The carbon powder consists primarily of 
petroleum coke to which is added lesser 
amounts of natural graphite and lamp 
black. In addition, oxidation inhibitors 
and friction modifying agents are some- 
times blended in. The carbon-pitch blend 
is molded under high pressure to control 
porosity, and the molded piece is then 
fired at successively higher temperatures 
of approximately 500, 1300 and 2500 F. 
After firing, the carbon-graphite has from 
5 to 20 per cent porosity. These pores 
can be filled with a phenolic or epoxy 
resin for improved strength and hardness, 
or with oil or metals, such as silver, cop- 
per, bronze, cadmium or babbitt to im- 
prove the compatability properties. 

As indicated in Table 7, a PV limit of 
15,000 can ordinarily be used for dry 
operation of carbon bearings. This should 
be reduced for continuous running with a 
steady load over a long period of time 
to avoid excessive wear. When operating 
with liquids which will permit the devel- 
opment of a supporting fluid film, much 
higher PV values can be used. 

A hard, rust-resistant shaft with at least 
a ten microinch finish should be used for 
long life. Hardened tool steel or chrome 
plate is recommended for heavy loads and 
high-speed applications. Steel having a 
hardness over 50 Rockwell C, bronzes, 
18-8 stainless steels, and various carbides 
and ceramics can also be used. 

Certain precautions should be observed 
in applying carbon-graphite. Since this 
material is brittle, it is easily chipped or 
cracked if struck on an edge or a corner, 
or if subjected to high thermal, tensile 
or bending stresses. Edges should be re- 
lieved with a chamfer. Sharp corners, thin 
sections, keyways and blind holes should 
be avoided wherever possible. Because of 


Fig. 10—Simple lignum-vitae bearing. 
Wooden bearings are still useful at oper- 
ating temperatures up to 150F. They 
are low-cost, self-lubricating, and clean- 


operating. 
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its brittleness, and because of the low 
coefficient of expansion (about '/, that of 
steel), carbon-graphite bearings are often 
shrunk into a steel sleeve. This mini- 
mizes changes in shaft clearance with 
temperature variations, besides providing 
mechanical support for the carbon-graph- 
ite elements. 


Rubber: Elastomeric materials give ex- 
cellent performance in bearings on pro- 
peller shafts and rudders of ships, in hy- 
draulic turbines and pumps, sand and 
gravel washers, dredges, and other indus- 
trial equipment handling water or slur- 
ries, Fig. 9. The ability to embed sand 
and abrasive materials without damage 
to the shaft makes rubber particularly well 
suited to marine service. The resilience 
of rubber helps isolate vibration to provide 
quiet operation, allows running with rel- 
atively large clearances, and helps com- 
pensate for misalignment. Although na- 
tural rubber was used in most early bear- 
ings, synthetic materials such as buta- 
diene-acrylonitrile copolymer have been 
used in recent years. These newer materi- 
als resist oils and permit the use of rub- 
ber bearings with solvents and various 
chemical solutions. 

Commercial rubber bearings consist of 
a fluted structure supported in a solid met- 
al shell. This allows the shaft to be car- 
ried on a series of rubber strips running 
the length of the bearing. A water flow 
of 2 gpm per inch of diameter is normal- 
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ly provided to cool the bearing and to 
flush through any dirt collecting in the 
channels between the rubber strips. The 
maximum load should be limited to 35- 
50 psi. There is no limit to the maximum 
speed so long as the operating tempera- 
ture remains below approximately 150 F 
for most applications. 

A noncorrodible shaft should be used 
with rubber bearings. Gun metal, valve 
bronze, monel or stainless steel shafts or 
shaft sleeves are satisfactory. 
Chrome plate or a metallized surface can 
be applied to carbon steel. For salt water, 
bronze or monel should be used. 


usually 


Wood: Lignum vitae and oil-impreg- 
nated maple and oak have been used for 
centuries, Fig. 10. Although they have 
frequently been displaced in recent years 
by the plastics, rubber and sintered-metal 
bearings discussed previously, wood bear- 
ings offer self-lubricating properties, low 
cost and clean operation. 

Wood bearings are useful at tempera- 
tures up to 150 F in textile machinery and 
ship propeller shaft bearings, and in 
agitators, vats, pumps truck casters, and 
conveyors in food, beverage and chemi- 
cal plants. Typical applications have been 
at speeds up to several hundred rpm in 
dilute sulfuric acid, chromic acid vapors, 
bleaching compounds, vinegar, milk and 
corrosive fruit juices. Unlike many rub- 
bers, wood bearings are resistant to the 
oils, acids and chemicals used around 


11—BEARING MATERIALS 


dairies, food processing plants, canneries, 
and other high chemical applications. 


Ceramets and Ceramics: For sliding 
components in atomic reactors and in 
various high-temperature and specialty ap- 
plications, a number of hard carbides and 
ceramics offer certain advantages. 

Very hard ceramets consisting of 
pressed and sintered titanium carbide or 
tungsten carbide in a cobalt matrix pro- 
vide highly wear resistant and hard (90 
Rockwell C) bearing materials. Being 
very rigid, corrosion resistant, and capable 
of a fine finish, such materials are used 
for accurate location of precision grinder 
spindles, in pivots, and in pumps handling 
low-viscosity fluids. Where the handling 
and machining costs with solid carbide 
pieces are prohibitive, flame-sprayed coat- 
ings are applied. 

Fused or flame-plated aluminum oxide 
is used in sliding bearing surfaces in atomic 
reactors, in high-temperature wear-resist- 
ant parts around furnaces, and in liquid 
metals and corrosive atmospheres. Boron 
nitride ceramics also find some similar 
applications. 

Off-the-shelf bearings of these types are 
not available. General use is unlikely be- 
cause of poor conformability, poor impact 
resistance, difficulty in machining, and 
high cost. Nevertheless, their unusual phys- 
ical properties and excellent wear resistance 
recommend their trial in otherwise hope- 
less bearing applications. 





PLAIN BEARINGS 


Design of 
Cast Bearings 





ASTING has always been one of the 
best methods for fabricating intricate 
shapes. Cast bearings share in this ad 
vantage of the casting process, and can 
be obtained with complicated and ir 
reguiar outlines, Fig. | 
The category of cast bearings includes 
many types of bearings, ranging from 
cast-babbitt bearing linings to iron cast 
ings which have bearing surfaces. How 
ever, the term usually refers to bearings 
cast in bronze, although in recent years 
aluminum has received much attention 
Bronze is a popular material because of 
its high strength, good bearing properties, 
and high heat conduction. See Chapter 
\2 for bearing material selection 
In spite of the versatility of the cast- 
ing process, probably the great majority of 
cast bearings are made in simple shapes, 


’ 


Fig The tolerances and recommenda- 


tions given in this article are based on 
the most practical and economical cast 
hearings. Closer tolerances and more com 
plicated shapes are readily obtained, but 


im increase in cost 


4 plain cylindrical OD, or a cylin 


WILLIAM F. CARENBAUER 


Chief Engineer, Cast Bronze Div., Johnson Bronze Co., New Castle, Pa. 


drical OD with a flange at one end are of the bearing is a function of shaft 
popular shapes. These cylindrical bear- diameter and required bearing clearance. 
ings are usually purchased with the OD Usually, by the time it is necessary to 
and ID already finish-machined; then they design a bearing, the shaft diameter has 
can be pressed into a prepared hole in been fixed by other requirements of the 

a machine or product. Cast bearings can application. 
be purchased with the ID in rough ma- Since shaft diameter is known, calculate 
chined form, then finish-machined in the minimum length, and the required 
place. Or, they can be bought with the clearance, by the procedure given in 
ID already finished, in which case allow- Chapter 11. Add enough to this length 
ance should be made for “close in.” for a satisfactory safety factor, then de- 
termine if the final length can be in- 
Size Selection cluded in a housing which will support 

; the load. 

Both the length of a cast bearing and The length of the bearing sheil influ- 
its wall thickness have a proportionate ences the elastic deformation of the shell 
relationship with shaft diameter. A com- when under load, as well as relative de- 
mon term in the bearings field is length formation of that portion of the shaft 
to diameter ratio, which means the ratio that is within the bearing. If the bearing 
of the bearing axial dimension to the ID. shell is long, the shaft may deflect suf- 

ficiently within the bearing to touch the 

Length to Diameter Ratio: Recommend- ends of the bearing shell. Actually, where 
ed ranges of practical bearing lengths are shaft deflection is a serious problem and 
given in Table 1, as a function of the cannot be avoided, the ends of the bear- 
shaft diameter. ing me«y be bell-mouthed to avoid rub- 

Length to diameter ratios are usually bing contact. This is sometimes done. 
chosen between 0.8 and 1.5. The ID Even though the trend is towards bear- 





O moO 


First Choice Second Choice 


O moO 


Third Choice Fourth Choice 











Fig. 1—Three cast bearings which illustrate the versatility of Fig. 2—Typical cast-bearing shapes. They are shown here in 
the casting process. Intricate —_ may be necessary for the order of ease of manufacture. However, the casting process 


some special purpose, but are seldc 
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ym used. is well suited to intricate and complicated shapes. 
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*ID tolerances: + 
0.0015 in., 4 in. ID or over. 





0.001 in. for 3% in. ID or less; 


or less; + 0.003, 


TOD tolerances; 


+ 0,002, + 0,003 in. for 2% in. OD 
+0,005 in., 3 in. OD or over. 








ings just long enough to support the load, 
longer bearings are used where alignment 
of the shaft, and not load-carrying ca- 
pacity, is the principal objective. For in- 
stance, longer bearings are used to posi- 
tion the shaft accurately in the spindles 
of machine tools. 

Typical values of length to diameter 
ratios used in various industries are: Tur- 
bogenerators, 0.8 to 1.5; gasoline and 
diesel engines for main and crankpin 
bearings, 0.4 to 1.0, with most values 
between 0.5 and 0.8; generators and mo- 
tors, 1.2 to 2.0; ordinary heavy shafting 
with fixed bearings, 2 to 3; light shafting 
with self-aligning bearings, 3 to 4; ma- 
chine-tool bearings, 2 to 4; railroad jour- 
nal bearings, 1.2 to 1.8. 


Wall Thickness: Cast journal bearings 
are normally contained within a housing 
or shell. Bearing wall thickness should 
be enough to support the imposed loads 
without elastic or thermal distortions 
which would destroy the geometry of the 
bearing. Also, wall thickness should be 
at least three times the depth of any 
grooving used in the bearing. In gen- 
eral, larger wall thicknesses are required 
for increasing bore diameters. However, 
the thickness to bore di- 
ameter decreases with an increasing bore 
diameter. Thin bearing walls and heavy 
housings provide more strength than 
heavy walls and light housings, but heat 
transfer from the bearing may be im- 
peded by heavy housing walls. 


ratio of wall 
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Anticipated temperature rise is another 
consideration when wall thickness is to 
be specified. Large variations in tem- 
perature and different coefficients of ther- 
mal expansion for bearing and housing 
materals may combine to produce pro- 
hibitive expansion and contraction forces. 
Severe thermal stresses make maintenance 
of bearing fits difficult and result in a 
varying clearance within the bearing. 

Also, when a bearing is pressed or 
shrunk into a housing, unequal expan- 
sion can cause stressing of both members. 
Then, if the bearing material yields, sub- 
sequent cooling may change interference 
fit to result in a loosened bearing. 


Design of Cast Bearings 


Cast bearings can be made in any 
shape that good machine and foundry 
practice allows. However, the cheapest 
and most often used shapes are shown in 
Fig. 2. Either the ID or OD can be 
straight, tapered, spherical, or a combina- 
tion of these—keeping in mind that the 
straight is preferred. 

Holes may be drilled and reamed. Key- 
ways and flats or slots for locating pur- 
poses may be milled. Cast bearings may 
even be split into segments, usually halves. 

A typical cast-bearing drawing is shown 
in Fig. 3. Several design precautions, as 
well as some of the limitations of the 
casting process, are listed. 


Bearing ID Tolerance: The ID of a 


cast bearing and the tolerance selected for 
it are the most important dimensions. 

Often, cast bearings are pressed or 
shrunk into a housing. As a result of this 
interference fit, the bore of the bearing 
material “closes in” by some amount. 
In general, this diameter decrease is ap- 
proximately 70 to 100 per cent of the 
interference fit. 

Sometimes, when the amount of close- 
in is known, finish machining is done on 
the ID of the bearing before it is pressed 
into place. Several experimental attempts 
may be necessary before the amount of 
close-in can be predicted to the required 
degree of accuracy. Often, however, fin- 
ish machining on the ID of the bearing 
is done after it has been pressed into 
place. This may be accomplished by bor- 
ing, reaming, or burnishing. 

A tolerance of 0.001 in. for ID’s up 
to 334 in. finished in place is easily ob- 
tainable, and more or less standard. For 
ID’s 4 in. and over, specify +0.0015 in. 
for general purpose bearings. In special 
cases closer limits are readily held. 


Many 
insure 


Methods of Retaining Bearings: 
different techniques are used to 
that a cast bearing stays put within the 
housing, Table 2. 

Press or Shrink Fit: This is the most 
often used retaining technique. Standard 
stock bushings with finished inside and 
outside diameters are available in sizes 
up to approximately 5 in. ID. Stock bush- 
ings are commonly made 0.002 to 0.003 
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DESIGN DATA 





1. Flange Parallelism 


If parallelism required between flange faces 
is less than the tolerance for the thickness, 
it should be specified. A parallelism of 
0.002 in. is easily obtained, and less thon wR R 
this should not be specified unless neces- : aa a : 


sary bee cee tn fe dnd 


2. Ovut-of-Roundness 


When bearings ore to be pressed into hous- el ASSAD SRS | 


ings, they will tend to become round. Hence, ie, 4 \ ‘ 
oe 
it is practical to allow an out-of-roundness 


tolerance 


3. ID Dimensioning 


* Bobbitt 
Sometime cast bearings ore finish moa lo 

chined after assembly Specify both the 
rough dimensions and the finished dimen 


sions as shown 


4. Burr Removal 


The removal of burrs and sharp edges in 
most cases represents an increase in cost 1D dimension in the ‘as supplied’ state 7. Squareness 
Show where burr removal is necessary and After the bearing !D is finished at assembly, 


where it is not necessary the babbitt thickness will be less Squareness of flanges should not be speci- 


fied less than 0.002 in. total indicator read- 
. = tot less necessary. Squareness of ends 
6. Concentrici me mm Y ‘ 
5. Babbitt Linings ty should not be specified less than 0.010 in. 
A babbitt lining can be added to almost Concentricities of less thon 0.003 in. TIR unless the end is to be used as a thrust 
any cast bearing. The thickness specified should not be specified unless necessary face, or other similar application requiring 


on the bearing drawing is based on the for some special reason. squareness. 











Fig. 3—Recommended design practices for cast bearings. 
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Bearing pressed or slide fit into housing 

Cylindrical bearing pressed into housing and retained by lugged end plate. Slot is 
against shoulder. Bearing is retained by milled in end of bearing to a depth slight- 
bolted plate. Bottom of housing bore and ly below bottom surface of lug. 

Flanged bearing, bolted to housing. Bolts counterbore in plate should be undercut. 

need not be countersunk it face of flange Plate can be ground flush or counter- 

is not a thrust face, or if protruding bored. Length of bearing should be held > 

bolt heads are not objectional. Bearing to 0.005 in. or less. Ends should be Full depth sf 

can be a press or slide fit in housing, specified as parallel and square with OD 

but hole alignment during instaliation is 

lifficult for press fit 


Reser 7 

| 

| Bearing dimensioned for key retention 

eevoeepeteee 4 Keyway depth % wall thickness or less 

“py on small and medium bearings. Length 
! is specified same as key length, but mill- 

a ing cutter overrun is shown. Finish ma- 

Knurled OD or coarse-threaded OD may chine ID after keying in place. 

be used where a die casting is to be made 

around the bearing. Locate one end sur- 

face of the bearing flush with surface of 

Headless set screw against flat on bear- housing 

ing. Care must be taken not to deform 

the bearing this way The flat on the 

bearing is not necessary but the set . 

serew will form a burr on the bearing Bearing pressed or slide fit into housing. 

surface and make removal difficult. The Retained by cap screw. Hole is drilled 

set screw may be locked in by a second through wall of bearing. Cap-screw length 

screw or some suitable locking com- is specified, so that its end is below the 

pound. Set-screw retention can also be inner surface of bearing even with maxi- 

done by using a dog-point screw in a mum tolerance stack-up. 

drilled hole in bearing. Bearing can be 

a press or slip fit in housing 
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12——CAST BEARINGS 


Bearing OD 
(in.) 


Housing Material l ly, 5 6 


2. & 3 4 
Minimum Press or Shrink-Fit Interference (in.) ———— 


Steel, cast iron or bronze ... 0.00025 0.0004 0.0005 0.00075 0.001 0.00125 0.0015 0.00175 0.002 0.0025 


Aluminum or die casting 
(heavy section) 
Aluminum or die casting 


0.0005 0.00075 0.00075 0.001 0.00125 0.0015 0.00175 0.002 0.0025 0.003 


Line 


contact 0.00025 0.0004 0.0005 0.00075 0.001 0.001 0.00125 0.0015 0.002 


(thin section) .... 














0 to 4 radius allowed t 
wide x #y MAX undercut 


—~~ First Choice 


—- 


Second Choice 


Third Choice 


i 
Fourth Choice 





& 
Cutting tool 


eae 
y oe 





Groove 





Pressure 
distribution 























Fig. 4—Undercuts are used on flanged 
sleeve bearings for machining and grind- 


ing purposes. 


in. larger than the nominal on OD sizes 
of 3 in. or less. For OD’s greater than 
3 in., the actual OD is 0.003 to 0.005 in. 
over nominal. Since these tolerances are 
built into standard bushings, the amount 
of press fit is controlled by housing bore. 
Minimum interference fits recommended 
for general applications are listed in 
Table 3. 

For high-temperature work, interfer- 
ence fits in Table 3 may have to be ad- 
justed to account for expansion differ- 
ences between the bearing and housing. 
Thin-walled housings, or housings other 
than steel or cast iron, require somewhat 
lighter press fits. For fabricated bearings, 
tolerances of both bearing OD and hous- 
ing bore should be specified to produce 
the recommended interference fits. 

Severe force fits of bearings in hous- 
ings should be avoided. Even if the bear- 
ing is subsequently machined to size, in 
time, creep will probably reduce the ra- 
dial clearance. Instesd, the bushing should 
be inserted into the bearing housing with 
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Fig. 5—Cast bearings are frequently grooved be- 


fore assembly, and the ID finish-machined after 
When an ID finishing tool passes over 
a groove, a lip is sometimes formed on one side. 
This lip must be removed by stoning or scraping. 


assembly. 


a light fit. This may be sufficient to keep 
it in place within the housing, or it 
may be further secured by other means. 

Other Retaining Methods: Various key- 
ing methods are also used to fix the po- 
sition of the bearing with respect to its 
housing. Or, the bearing may be retained 
by bolted flanges, set screws, dowels, etc., 
Table 2. 

Factors to keep in mind when selecting 
one of these methods are: 

1. Maintain uniform wall thickness of 
the bearing material if at all possible, es- 
pecially in the load-carrying region of the 
bearing. 

2. Provide as much contact area as pos- 
sible between bearing and housing. Mat- 
ing surfaces should be clean, smooth, and 
free from imperfections to facilitate heat 
transfer. 

3. Prevent any local deformation of the 
bearing that might result from the key- 
ing method. Machining after keying is 
recommended. 

4. Investigate possibilities of bearing dis- 
tortion resulting from the effect of tem- 
perature on the particular keying method. 


Surface Finishes: Finishing methods em- 
ployed by bearing manufacturers such as 
boring, turning, broaching, reaming, and 
grinding give surface finishes in the range 
of 16 to 63 microinches. These finishes 
are usua!ly satisfactory. Smoother finishes 
can be obtained, but at more expense. 


Fig. 6—Theoretical pressure 
distribution of a full-film, 
hydrodynamically lubricated 
bearing. 


In hydrodynamic, full-film bearings, 
peak surface variation should be less than 
the expected minimum film thickness. 
Otherwise, peaks on the journal surface 
will contact peaks on the bearing sur- 
face. Here is the degree of finish to be 
expected from most machine operations: 


Finishing Method Surface Roughness 
Range 
(microinches rms) 
Cutting operations ........ 32-63 
Precision cutting 15-30 
Grindimg® «occ. ccees 16-63 
Precision grinding ........ 4-16 
Honing and lapping ...... 4-16 
Polishing and buffing ..... 2-16 
Superfinishing ............ 1- 8 


Remember that surface roughness indica- 
tions are root mean square (rms) devia- 
tions in microinches, whereas individual 
peaks may be higher. 

Better surface finishes are usually re- 
quired for full-film bearings operating at 
high eccentricity ratios. Also, better sur- 
face finishes are generally required for 
harder materials, higher loads, and high 
speeds. 

Surface-finish requirements for boundary 
and mixed-film applications can be re- 
laxed a bit since wear-in of the bearing 
will probably smooth the surface. 


Undercuts: Grinding and finishing op- 
erations on the OD of a flanged cast 
bearing are much simpler if there is an 
undercut at the base of the flange. Rec- 
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DESIGN DATA 


Simple oval groove, readily machinable 
Can be placed any distance from either 
end, can also be made to break out at 
one or both ends 


ee 


~~ 


Shaped to resemble a figure-8, the cross 
must be half-way between the ends of 
the groove to be easily machined. If the 
groove breaks out at either end, the 
groove is still symmetrical about the 
cross. 


A combination of two grooves—one 
straight groove and one circular groove 
The circular groove can be any distance 
from either end. The straight groove can 
start any distance from either end, or 
can run out either end. The two grooves 
ean be different sizes, since they are 
cut separately 





4 

A double oval, this groove is made by 
cutting one oval, indexing 180 deg, and 
cutting the other Therefore, the two 
grooves must be identical in dimensions 
and should be symmetrical about the 
cross, If necessary for grooves to be dif- 
ferent size or location, can be cut sepa- 
rately at extra cost. They may break out 
at either end These grooves are often 
graphited 


aa. 


ee 


A double figure-8 groove, made by cut 
ting one figure-S, then indexing 180 deg 
to cut the other figure-8. Must be sym- 
metrical and identical. If necessary for 
two grooves to be of different size or 
location, they can be cut separately at 
extra cost. These grooves often graphited 





Partial figure-8 groove. Made by having 
a cam kick-out a portion of the figure-8 
groove. Can break out at either end, can 
also be made with only one leg, in which 
case it is a partial oval groove. 


Straight ollgroove. Can be made to start 
any distance from either end, may break 
out either or both ends. It may be put 
in in multiples, but preferably 90, 120, 
or 180 deg apart. Each multiple groove 
must be the same length if they are to 
be cut in one operation. If grooves can 
break out of both ends, they may be 
broached. This is most economical groove 
in large quantities. Broached grooves may 
have a slight helix, if desired. 


< D> 


Circular ollgroove. Can be made at any 
distance from either end. Can also be 
made to be a part circular groove, with 
a preferable length of 90, 180, or 270 
deg. Be very liberal in specifying the 
tolerance for length of circular arc. 


A groove cut in one continuous path with 
four separate loops at each end. Can be 
at any distance from either end and may 
break out at either end. This groove has 
about the same oil feeding qualities as a 
double figure-8, but it is cut in only one 
operation. These grooves often graphited 


A groove cut in one continuous path vith 
ten Jeparate loops at each end. Can be 
at any distance from either end, may 
break out either end. These grooves often 
graphited 








ommended methods of specifying this un- 
dercut are shown in Fig. 4. 


Drill Holes: When it is necessary to 
have holes in a cast bearing, make the 
hole size in proportion to the bearing 
size. Try to hold ¥% in. diameter as a 
minimum to keep from breaking drills. A 
good maximum is % in. diameter to keep 
drilling time low. If more than one hole 
is required in a part, keep all holes the 
same size and put them in the same plane, 
perpendicular to the axis of the bearing, 
if possible. Also, make all of the holes 
equally spaced angularly to minimize ma- 
chining costs. 


Groove Design 


Grooving in a cast bearing, or any 
bearing, has one primary purpose: To 
establish and maintain an efficient film 
of lubricant between the bearing moving 
surfaces. Many grooves have one or more 
secondary purposes. For instance, they 
may act as channels for cooling oil. The 
straight circumferential groove in the 
center of an automobile engine main bear- 
ing is a means of distributing oil to a 
hollow crankshaft. 

From a manufacturing standpoint, a 
great many groove configurations can be 
made. Commonly used grooves, shown in 
Table 4, are easily cut on a groove-cutter. 

If grooves are cut in the bearing before 
the ID is finished, there is a tendency 
for a lip to be formed as the ID cutting 
tool passes over a groove, Fig. 5. The 
tool should be as sharp as possible, but 
this may still occur. Specify that the burr 
be removed. 


Groove Selection: There are three gen- 
eral types of bearing operation, and each 
one requires grooving of a different na- 
ture. These are: Full-film lubrication, 
mixed-film lubrication, and boundary lu- 
brication. 

Full-film lubrication occurs when all 
of the requirements for hydrodynamic op- 
eration are fulfilled. The rotating shaft 
pulls a wedge of oil between itself and 
the bearing, and rides free of any metal- 
to-metal contact. Hydrostatic systems also 
operate on an oil film, but in this case, 
the shaft is supported by a pad of oil 
formed by an external pressure source. 

Boundary lubrication is a_ situation 
where there is a very thin film in some 
areas, and metal-to-metal contact in others. 
Mixed-film lubrication is an intermediate 
situation between full-film and bound- 
ary lubrication. 


Full-Film Grooving: Since full-film lu- 
brication operates on a principle of self- 
induced pressure, one of the primary rules 
of grooving is: Avoid connecting a high- 
pressure area to a low-pressure area by 
grooving. Actually, only the minimum 
amount of holes or grooving should be 
used on a full fluid-film bearing, since 
its very nature depends on a clearance 
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Grooves on washers or face of flanges 
are most economically made by milling 
straight across the face of the washer 
or flange. The grooves should all be the 
same size, if they are to be cut In one 


operation. 


This is a practical and easily-made 
groove. Cut in a circular shape, its ec- 
centricity helps to spread oil to all areas 
of the bearing surface. If more groov- 
ing is necessary, the part may be in- 
dexed and another eccentric circular 
groove cut. 


es 
¢ sos 
‘y 
‘ 


‘ 
4s 
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A variation of the eccentric circular 
groove above, this one allows the groove 
to break out, either in the ID or OD, 
or both. 
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Matching Halves 


Two halves, not finished on parting-line 
surface (saw finish only), which, when 
assembled, make a full-round bearing 
assembly. The OD given may include the 
required circumferential crush, or thin 
paper shims may be used to provide 

Show the unassembled OD re- 
quired in free state as indicated. ID is 
finished at assembly. 

This bearing is made oversize, sawed 
in two parts, then stamped for location 
and identification. The two pieces are not 
identical, therefore they must be used 
together. Use a relatively thin wall be- 
cause of the deformation required. 


Precision Halves 


These are bearing halves which are fin- 
ished to precision height and wall thick- 
ness. They are interchangeable in as- 
sembly, and used without shims. Dimen- 
sion as shown, showing the height and 
wall thickness. 


Under-Centerline or 
Over-Centerline Halves 


These are precision halves which are fin- 
ished to a precision height which is above 
or below the centerline. They are inter- 
changeable in assembly. Under-centerline 
halves, which require shims, are the most 
often used. Walls may be precision fin- 
ished, or have stock left for finishing 
at assembly. Show height and wall on 
drawing, also show centerline. 


Saw-Cut Halves 


Generally the cheapest of the half bear- 
ings. Requires fitting at assembly. The 
two halves are not surfaced on parting 
line faces—they are saw finished only. 
When assembled with shims which are 
the same thickness as saw cut, the two 
halves make a full-round bearing as- 
sembly. The two halves should be iden- 
tified and used together. Shims must 
not protrude outside of the bearing wall. 
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Fig. 7—Single oil inlet hole Fig. 8—Straight axial groove. The groove dis- 
at top of bearing. Located tributes oil all along the shaft, and is fed by an 
in an unloaded area, this oil inlet hole. Both hole and groove are located 
hole allows oil to come in in an unpressurized area. 


and lubricate the bearing. 


sufficient for adequate oil flow. 

Overgrooving is a common, and rep- 
rehensive, practice. Before the recogni- 
tion of the hydrodynamic theory, over- 
grooving was considered necessary to get 
adequate lubrication. 

Theoretically, full-film lubrication can 
be achieved with either oil or grease. 
However, greases are seldom used for this 
purpose, since it is a chore to continu- 
ally replenish the grease which escapes 
from the bearing. 

The obvious and only location for in- 
troducing lubricant to the bearing is in 
a region of low pressure. Theoretical dis- 


1961 Edition 


tribution of pressure within an ungrooved, 
full-film lubricated sleeve bearing is 
shown in Fig. 6. 

For the simple case where load is con- 
stant and always in one direction and 
the speed is also constant, the low-pressure 
region is always in the same location 
with respect to the bearing. Hence, usual 
practice is to place the oil inlet hole at 
the top of the bearing. In horizontal bear- 
ings, the inlet hole should be centered 
axially; for vertical bearings, it should 
be closer to the top end. 

In many cases, a single oil inlet hole 
located in the unloaded region of the 


Fig. 9—Straight axial groove fed by feed- 
er groove. Note that both the oil inlet 
hole and the axial groove are in an un- 
pressurized area. The direction of shaft 
rotation is such that shaft motion carries 
oil from inlet hole, along feeder groove, 
to axial groove. 


bearing will suffice, Fig. 7. However, if 
the bearing is of appreciable length, lu- 
bricant will not be distributed uniformly 
over the entire length of the bearing. To 
correct this situation, a straight axial 
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Fig. 10—Circular oil groove. This type of 
groove is used for pressure-fed bearings op- 
erating under loads which constantly change 
directions, or when distribution of oil around 
the shaft is desired. 


Fig. 11—Straight axial groove located 
in shaft. This is used where load ro- 
tates around bearing with the shaft. 
Groove is placed in unloaded region 
of shaft. 


Fig. 12—Typical grooves used for ring-oiled bearings. 


groove is often placed in the bearing, Fig. 
8, usually at the same location as the 
inlet hole. When this type of grooving 
is used, the oil can be distributed axially 
along the groove before »veing picked up 
by the shaft. 

If the bearing is fairly large, locate the 
straight axial-distribution groove 20 or 
30 degrees in back of top dead center in 
the direction of rotation. This location 
allows the lubricant to be picked up by 
the shaft closer to the point where it is 
needed. If it is impossible to position the 
oil inlet hole directly above the axial 
distribution groove at this position, the 
inlet may be connected to the 
distribution groove by a feeder groove, 
Fig. 9 


hole 


Orientation of the grooves with respect 
to direction of shaft 
tant. That is, a point on the shaft should 
arrive first at the oil inlet hole, then at 
the partial circumferential feeder groove, 
and finaily at the straight axial-distribu 
tion groove 


rotation is impor- 


It may not be possible to locate a re 
gion of the bearing which is always at 
low pressure. For example, in a bearing 
where load may fall in any direction, a 
given location may alternately be in a 
high-pressure region and then in a low- 
pressure region, depending upon instan 
taneous load direction. One solution for 
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this condition is to machine a circular 
or annular groove completely around the 
bearing, Fig. 10. 

The circular type of groove divides the 
bearing into two shorter bearings, each 
of which is lubricated from one end. 
Other conditions being equal, two short 
bearings whose combined length is equal 
to that of a single bearing do not carry 
the same load as the single bearing. Each 
half of the bearing has to be treated 
separately to evaluate load-carrying ca- 
pacity, eccentricity ratio, etc. The oil 
inlet hole can be at any angular position 
around the bearing. Actually, the circu- 
lar groove could just as easily be put in 
the shaft, if shaft strength permits. Also, 
the oil inlet hole could be put in the 
shaft, if supply of the lubricant through 
the shaft is desired. 

Circular-grooved bearings are usually 
pressure fed. However, they may be used 
in nonpressure-fed applications in com- 
bination with a straight axial groove, if 
the straight groove is placed in a rela- 
tively lightly loaded region of the bear- 
ing. If the lightly loaded region is fixed 
with respect to the shaft, the straight 
groove may be machined in the shaft, 
Fig. 11. 

For ring or chain-oiled bearings, a 
slot at the top of the bearing allows the 
ring or chain to touch the rotating jour- 
nal, Fig. 12. The slot is sometimes con- 


nected to a straight distribution groove 
by a feeder groove. Recommended total 
clearance between ring and slot is 1/16 
to % in. 

Boundary Lubrication Grooving: In a 
boundary-lubricated bearing, some of the 
load is supported by lubricant. Therefore, 
something must be done to insure that 
the little amount of lubricant required 
reaches the loaded region of the bearing. 

Boundary lubricated bearings are not as 
critically susceptible to the practice of 
overgrooving as full-film bearings, but 
overgrooving is still not good practice. 
Removal of too much material increases 
the unit pressures on the bearing ma- 
terial. Hence, a good rule of boundary- 
lubricated bearings is: Specify just enough 
grooving to keep the surfaces lubricated. 

Normally, sleeve bearings which are 
lubricated only periodically will, at some 
time, be operating under boundary-lubri- 
cation conditions. For such applications, 
grease is a usual lubricant, although hand- 
oiled bearings fall into a similar category. 
Since grease does not flow readily, it must 
be pumped into the bearing. Inside the 
bearing, grooves are necessary to allow free 
passage of the grease to the loaded re- 
gion, and to provide a reservoir for the 
grease. Table 4 shows the multiple figure- 
eights and multiple looped grooves which 
are sometimes used for boundary-lubricated 
bearings. 

When oil is used for completely 
boundary-lubricated bearings, grooving 
allows easy passage of the lubricant to 
the region where it is required. Lubricant 
remains within the bearing longer than 
it would if there were no grooving, pro- 
vided the grooves do not break through 
the ends of the bearings. 

Since a boundary-lubricated bearing can- 
not generate hydrodynamic film pressures, 
no harm is done by grooves which pass 
through the load zone. Grooves for 
boundary-lubrication should also not break 
through the ends of the bearing. 

Another simple but good groove for 
grease lubrication is the arrangement in 
Fig. 13. The wide circular groove can be 
obtained merely by allowing a gap to exist 
between two bearings in the same hous- 
ing to provide a generous grease reser- 
voir. This particular arrangement has 
disadvantages, too. The two separate bear- 
ings are difficult to keep concentric. Also, 
too much grease pressure may force the 
bearings apart. The lubrication advantages 
of this arrangement could be achieved 
by cutting a wide circular groove in the 
shaft. 


Thrust-Bearing Grooves: Grooving de- 
sign principles for thrust bearings are the 
same as for journal bearings: 1. Do not 
connect high-pressure areas to low-pres- 
sure areas with grooving. 2. Introduce oil 
at lowest pressure point, if possible. 3. Do 
not overgroove. 

Several easily manufactured thrust-bear- 
ing grooves are shown in Table 5. 
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Fig. 13—Spaced journal bearings provide cavity 
for grease. Could be used for boundary-lubricated 


bearing. 


Half-Bearings 


Cast bearings are often used as half- 
bearings. A half-bearing is readily as- 
sembled and disassembled. Each half of 
a half-bearing should be stamped or some- 
how identified, so that they can be as- 
sembled in the same way that they were 
when bored. With only one type of half- 
bearing, precision halves, is this distinc- 
tion unnecessary. Four general types of 
half-bearings are defined in Table 6. 


Graphited Bearings 


Graphited cast bronze bearings are often 
used in low-speed, heavily loaded appli- 
cations. They are also used in applica- 
tions where extremely wide ranges of 
temperature are encountered, or, when 
the bearings are inaccesible for lubrica- 
tion. 

In these bearings, the cast bronze sleeve 
is essentially a supporting structure. Vari- 
ous grooves or holes are cut into the cast 
bearing, which are then filled with graph- 
ite. The graphite is mixed with a binder, 
and the plastic mass is pressed into the 
cavities and hardened. 

As much as 45 per cent of the bearing 
area can be graphited. Fig. 14 shows sev- 
eral popular designs. 
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Related Component Design 


Alignment of journal axis to bearing 
axis is critical in sleeve bearings. When 
the axes of the journal and bearing are 
skewed, there is a resultant serious re- 
duction in bearing performance. Under 
certain conditions, a deviation of only 
0.002 in. in 12 in. can cut the ultimate 
load-carrying capacity by 30 to 40 per cent. 

Also, ball or roller bearings and ordi- 
nary sleeve bearings should not be used 
on the same shaft. Clearance in rolling- 
element bearings is generally less than 
it is for sleeve bearings. Therefore, due 
to elastic action of the shaft, those bear- 
ings with the least clearance carry most 
of the load. 

Heat-dissipation properties of the bear- 
ing and its housing must be considered. 
Self-contained bearings must have a hous- 
ing bulky enough for good heat dissipation. 
Accumulation of oily dirt on the housing 
acts as an insulating layer and may cause 
overheating. Many layers of paint may 
accomplish the same result. 


Large Cast Bearings 


Since cast bearings are often used for 
very large bearings, they are often sub- 
ject to some of the peculiar difficulties 
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which are associated with large bearings. 
A particular cause of trouble is lack of 
sufficient rigidity of the bearing shell. 
This causes bearing misalignment and a 
change in bearing clearance, both of 
which result in a lessening of the bear- 
ing load capacity. 

This situation can be improved by us- 
ing sturdier mechanical designs and by 
better fitting of surfaces. Ring-oiled bear- 
ings should be made especially strong at 
the ring groove. 

Nonuniferm bearing wall thickness is 
one of the greatest evils. Where cast 
bearings have nonuniform wall thickness, 
the different rates of cooling that result 
produce uneven solidification and shrink- 
age. Designs which include cast holes for 
oil supply, or cooling ducts are bad. De- 
signs which have lugs are particularly bad. 
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Fig. 14—Graphited bearings. Grooves 
or holes are machined in bronze bearing, 
then filled up with graphite compound. 


When bearings with lugs are machined 
to size, the nonuniform outer surfaces 
cannot be machined, and these hard outer 
surfaces may, in time, cause distortion of 
the bearing. Also, when thermal expan- 
sion takes place, the solidly supported 
areas will be held in position while the 
unsupported areas will move away and 
not carry any of the load. 





PLAIN BEARINGS 


Design of 
Strip-Type Bearings 








THIN-WALL strip bearing is one 
of the simplest types of journal 
bearing. Basically, it is a thin bearing 
which the shaft completely, 
and derives most of its mechanical 
strength from being held tightly by a 
housing or bore. 
Thin-wall strip bearings have many 
specific advantages. Some of these are: 


surrounds 
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1. Economy. 


2. Easy replacement. 

3. Ability of strip material to be 
worked by rolling to give greater 
hardness and resistance to impact 
loading. 

4. Ability of lining material to be held 
to a closely controlled thickness. 
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bushing prevent proper oil flow across 
beoring surface. The pressure gro 
dient produced will result in high 
temperature, excessive wear and even 
tual seizure 

Dead end acts as a reservoir 
filled and then prevents proper pres 
sure gradient and oil flow across 
beoring surface. High temperatures 
excessive weor and seizure result 
Fillet ride also prevents the proper 
oil flow 

Two pre-finished bushings in one short 
misalignment be- 


until 


hole result in 


cause of 


can 
stack-up of manufacturing 
tolerances. This will force the shaft 
out of line and result in edge loading 





Common examples of 


faulty bearing design. 


There are two basic types of thin-wall 
strip journal bearings: 1. Semicylindrical 
shapes, wherein the bearing is split in 
two halves longitudinally. 2. Full cylin- 
drical bearings. The semicylindrical type 
is used extensively in automobile crank- 
shaft and connecting-rod bearings and 
other applications that require a two- 
piece bearing for assembly purposes. The 
full cylindrical bearing is often called a 
bushing. 

In this chapter, three types of thin- 
wall strip bearings will be considered: 

1. Full cylindrical bearings or bush- 

ings 

2. Split thin-wall bearings 

. Thrust bearings 


Bushings 


The split cylindrical bushing is usu- 
ally furnished with a closely controlled 
OD size. Hence, when the bushing is 
pressed into a hole, it becomes an integral 
part of the machine. In most cases, 
the ID is finished after assembly so that 
size and alignment control is accomplished 
in one operation. Several precautions 
which must be observed in the use of 
bushings are given in Fig. 1. 


Specification: The methods of speci- 
fying bushing dimensions and materials 
are more or less standardized, Fig. 2. 
Bushing OD is dimensioned in its “as 
assembled” condition. 

Besides dimensions for the bushing and 
grooves, ID lining thickness, butt type, 
ID finish method, etc., must be spec- 
ified. 

Press-Fit Practice: Split bushings have 
an OD that is larger by some predeter- 
mined amount than the housing bore. 
This press-fit allowance keeps the bush- 
ing in position. If proper housing strengths 
and bushing wall thicknesses are used, 
no other locking means is necessary. 
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Normally, the OD is not machined. 
For applications requiring close press-fit 
tolerance control, an added sizing opera- 
tion is performed on the bushing OD. 
These applications usually involve either 
weak housing sections, or bushings re- 
quiring closer OD tolerances. 

More press fit is allowed on bronze- 
back bushings than steel-back bushings 
because some of the fit is lost through 
the shaving action which occurs when 
the bushings are pressed into place. Also, 
too much press fit on steel-back bushings 
may cause galling of the bearing during 
assembly. 

Ground-back bushings require less press 
fit than formed bushings. For example: 

0.0005-in. min press fit for a ground- 

back or sized bushing. 

0.0010-in. min press fit for a compa- 

rable formed-back bushing. 
0.0015-in. min press fit for a compa- 
rable bronze-back bushing. 


Design: Any design problem is ap- 
proached by making specific preliminary 
assumptions. For thin-wall strip bearings, 
these are: 

1. Requirements for the shaft fix its 

diameter. 

2. Clearance is established by an analy- 
sis of the load-bearing capability re- 
quired (Chapter 10). 

3. The bearing material has been se- 


lected (Chapter 11). 


Length: Since the diameter is usually 
fixed, the required length for a thin- 
wall bushing is determined by the load 
it must carry. 

For small shafts, bushing length should 
rarely be greater than the shaft diameter. 
As shaft size increases, the length-to-di- 
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Fig. 2—Method of dimensioning 
a bushing drawing. Bushings are 
rolled into cylindrical shapes out 
of strips, but it is not necessary 
to specify blank length or width 
of strip. However, grooves or 
holes which are to be placed on 
strip before forming are shown in 
blank position, with tolerances 
selected to permit distortion after 
forming. 


ameter ratio should be reduced. Although 
a long bearing will presumably carry 
more lead than a short one, it is more 
susceptible to shaft deflection and mis- 
alignment. Therefore a short bearing is 
more desirable. In the case of wick-fed 
bushings, a window to admit lubricant 
is required. The size of the window es- 
tablishes the minimum length, Table 1. 
Wall Thickness: A proportionate rela- 
tionship between the shaft diameter and 
bushing wall thickness is generally nec- 
essary for manufacturing purposes. 
Recommended wall! thicknesses are: 


Bushing 


Shaft Diam Wail Thickness 


(in.) (in.) 
% tol 1/32 

% to2 1/16 

2to3 3/32 
above 3 ay 

In heavy-duty applications, such as 
planetary gear systems, truck transmis- 
sion gears, etc., standard wall thicknesses 
may not have enough press fit for ade- 
quate retention. Retention can be in- 
creased by increasing wall thickness. 

Bushing OD: Determination of bush- 
ing OD begins with the shaft diameter. 
First, determine the nominal housing-hole 
diameter by adding twice the wall thick- 
ness to the shaft diameter. Then 

Min bushing OD = max housing ID 

+ min press fit 
Max bushing OD = min housing ID 
+ max press fit 

Tolerances for bushing OD, housing- 
bore ID, length, and wall thickness are 
shown in Table 2. 

Chamfers: Chamfers are guides. They 
are necessary to guide the bushing into 
the housing under conditions of inter- 
ference fit. Chamfers are desirable on 
both bushing and housing holes. Hous- 











ing-hole chamfers should have no more 
than a 40-deg included angle, and should 
be at least 1/32 in. deep for diameters 
over | in 

Conventional 45-deg chamfers are about 
as bad as no chamfer at all, since the 
corner is still too sharp. In addition, a 
burr is often raised on the ID of the 
hole, causing galling and scoring when 
the bushing is pressed in place. 

Bushings with a 1/32-in. wall are not 
thick enough for a chamfer and a hous- 
ing bore chamfer is mandatory. Bush- 
ings 1/16 in. and over can have a cham- 
fer produced by one of two methods: 
Machining or scoring. Scored chamfers 
are put in the unformed blank, and are 
the most economical. They are not as 
accurate as machined chamfers, and 
should not be used: 1. Where included 
angle of the housing-bore chamfer is 
more than 40 deg. 2. Where the bush- 
ing is a precision prebored part. 3. Where 
assembly of the bushing is done with- 
out the benefit of a heavy lubricant. 

Lining-material Thickness: Lining thick- 
ness can vary, depending on the materiai, 
the loads carried, the steel-backing strip 
tolerances, and the selected method of 
finishing the ID. 
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Usually, bushings are furnished with a 
rough ID and are finished after being 
press-fitted into place. Therefore, lining- 
material thickness must be enough to al- 
low for stock removal during finishing. 
Finishing operations which involve metal 
removal, like boring and broaching, usu 
ally have the following stock allowances: 


Wall Thickness Stock Allowance 
din.) (in. per side) 


0.006 
0.007 
0.008 
0.010 

Sometimes the ID is finished by bur 
nishing, in which case no metal is re 
moved. Hence, the stock allowance for 
burnished bushings is usually 0.001 to 
0.003 in. 

Grooves and Holes: Grooves and holes 
are specially made paths for lubricant. 
For high-production economy, grooves are 
coined into the bushing surface before 
forming. Small production runs may not 
justify the tooling and setups required 
for groove coining, in which case they 
are milled. The grooves are milled in the 
blank before forming the bushing. Milled 
bushings usually have straight-line groov- 
ing. The groove cross sections shown in 
Fig. 3 are typical and can be readily 
coined. Allowance for wall buildup from 
displaced metal must be made in the 
rough ID. This buildup is approximately 
).004 in. for babbitt and 0.002 in. for 


+} | 
iner materiais 


Coined groove depth cannot exceed 
0.025 in. When coining grooves in bronze 
alloy bushings with a high lead content, 
a separation along the lead lines of the 
alloy results Grooves a and b, Fig. 3, 
should be used for these materials to 
minimize cracking of the lining material 
during forming. As long as these separa- 
tions do not allow material to flake into 
the lubricant. or machined parts, and 
the load-carrying capacity of the ma 
terial is not jeopardized, the quality of 
the bushing is regarded as normal and 
acceptable 

Groove dimensions are always given 
for the flat blank. The distortion of the 
groove, which results when the blank 
is formed, produces slight dimensional 
changes in the finished bushing 

Some typical groove patterns are il 
lustrated in Fig. 4. Any of these grooves 
can be stopped-off at ends of the bush 
ing (edges of the blank) Grooves can 
not be coined in 1/32-in. wall bushings 
due to the adverse coining and forming 
conditions on the thin material. Also, 
straight axial 


grooves are not recom 


mended. Fig. 5 shows the most practical 
tolerances for groove locations 

When holes are required in a finished 
bushing, holes punched in the blank are 
the most economical for volume pro 
duction. As the blank is formed into a 
bushing, the holes will become slightly 


deformed along the bushing axis. There 
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Fig. 3—Typical groove cross sections. 


All four of these can be readily coined in the 


strip before rolling. Grooves a and 6 should be used for linings made of bronze 
with high lead content to prevent cracking of lining in forming. 


Fig. 4— Groove pat- 
terns for bushings. 


Fig. S—Recommended 
tolerances for bushing 
grooves. 


Fig. 6—Recommended tolerances for all holes in bushings. 


135 deg from split line. 


Notice that the hole 





Plain Butts Chevron Butts 





Clinch Butts 


Fig. 7 — Butt joints for 
bushings. Plain butt is 
cheapest, chevron butt 
eliminates danger of side- 
to-side misalignment, 
clinch butt is used where 
assembly conditions will 
not tolerate o joints. 
Number of clinches re- 
quired increases as length 
increases. 








fore, the hole in the blank should be 
1/64 in. larger than required to allow 
for this distortion. Hole location should 
be 135 deg from the split line to aid in 
the forming of the bushing. Fig. 6 shows 
normal hole-position tolerancing. 

Butts: There are three basic types of 
butts used, Fig. 7. Plain butts are nor- 
mally used and are the most economical. 
Chevron butts can be used where end- 
wise shift is a problem and tend to pre- 
vent any misalignment of bushing ends. 


The plain and chevron-type butts may 
have a gap opening at the split line in 
the free or unrestrained state. The width 
of this gap can vary depending upon 
the material hardness and bushing di- 
ameter. 

Clinch butts are used when tight butts 
are required, or when OD grinding is 
necessary. The number of clinches used 
is dependent upon the bushing length: 
For lengths up to 1'4 in—I1 clinch, for 
lengths 14 in. to 3% in—2 clinches, 
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and over 3% in.—3 clinches. 

Surface Finish: For maximum reten- 
tion of the bushing in the housing, spec- 
ify 80-125 microinches housing finish for 
steel-backed bushings, and 40-70 micro- 
inches for bronze bushings. The bushing 
ID should be 30 microinches or better. 

The life realized from any bushing 
application depends very greatly on the 
finish condition of the shaft. Unless it 
is a critical application, a 20 microinch 
finish will be adequate. A finish of 8-12 
microinches is preferred. On high-speed 
or heavily loaded applications, a polish 
is necessary. Shafts should be ground in 
the direction of normal rotation and 
polished in the direction opposite to 
normal operation. 


Thrust Bearings 


One of the specific advantages of strip- 
type thrust bearings is the numerous 
shapes available. Another advantage is 
that they can be used with the as-rolled 
or as-coined surfaces. 

Steel-backed bearing materials are usu- 
ally the best, especially where rotation 
of the thrust bearing can be prevented 
by the use of screw fastenings, simple 
locking lugs, or dowel pins. Here, the 
added advantage of the strength and 
stability of the steel backing is obtained, 
as well as the controlled thickness of the 
bearing material. In some cases, a steel- 
backed thrust bearing can perform some 
other function besides providing a bear- 
ing surface. For instance, some gear-type 
oil pumps have a combination end-plate 
and thrust bearing. 

All bronze bearings are generally used 
where floating, or rotation, cannot eas- 
ily be prevented. Good finishes on the 
housing face, as well as the shaft face, 
are required. 

Usually, strip-material thrust bearings 
are used for lightly loaded applications. 
Because of the absence of a taper to in- 
troduce hydrodynamic action, it cannot 
be considered as a true hydrodynamic 
lubricated bearing. Under some circum- 
stances, particularly under low-speed or 
high-load conditions, the flat-plate thrust 
bearing operates in the region of bound- 
ary lubrication and does not have a fully 
developed oil film to carry the thrust 
load. Intermittent metal-to-metal con- 
tact occurs, which can be tolerated pro- 
vided speeds and loads are not high 
enough to generate an undue amount of 
heat and wear. 

Increased load-carrying capacity can be 
gained by groove patterns which substi- 
tute for hydrodynamic action. While the 
more complex groove patterns, approach- 
ing tapered land configurations, increase 
load capacity, they also increase cost. 
Simple washers are often adequate where 
intermittent loads and reversal of load 
reestablishes oil films. 

Thrust bearings made of strip materials 
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can have several different configurations: 
Round washers, round split washers, 
flanged round bearings, or split-flanged 
round bearings. 


Heavy Wall: Usually, flanged bearings 
are made of heavier stock than the plain, 
flat thrust washer, Fig. 8. Counterboring 
of the housing, or doweling, or both, is 
usually used to provide location for this 
type. 

Thrust load is usually carried on only 
one-half of a thrust bearing. Therefore, 
some designs have been made and used 
with only one-half of a_ split-thrust 
bearing. 


Thin Wall: Thrust washers are gen- 
erally used as fabricated from strip steck. 
However, for applications requiring closer 
tolerances, a ground finish is necessary. 

When grinding is required, faces should 
have a finish of 35 microinches max for 
the thrust face, and 80 microinches max 
for the back face. 


Fig. 10—Grooves for flat thrust washers. 
Wherever possible maximum oil flow 
should be encouraged across the thrust 
surface, not just through the grooving. 


(7\) 
OO 


Fig. 11—Scalloped thrust washers have 
better oil distribution to both sides of 
floating design. 
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Dimension 


Housing Bore ID 


Bushing OD 


Bushing Length 


Bushing Wall 


Bushing Wall, Pre-finished 


Size 


(in.) 

Up to 2% 
21-4 
Over 4% 
Up to 244 
2%-4 

4 to 6 


Over 6 


any 


Tolerance 
(in.) 

+ 0.0005 
+0.001, —0.0005 
+0.001 
+0.0015 as formed 
+0.001 ground or sized 
+0.002 as formed 
+0.0015 ground or sized 
+0.003 as formed 
+0.002 ground or sized 
+ 0.004 as formed 
+0.003 ground or sized 
+0.010 machine chamfer 
+0.020 plain-score 
+0.025 with holes-score 
0.002 total 
0.003 total 
0.004 total 
0.005 total 
0.001 total 








j 
/ 


rCrush height / 

leach holf 

bearing / 
f 











Fig. 12—Bearing crush. Bearing halves made with diameter slightly more 
than bore ID. When bolted together, cap and rod crush bearing to cir- 


cular shape with residual press 


machine 
remove 


Normally washers are 
are tumbled to 


burrs and sharp edges. Locating or lock- 


not 
chamfered, but 
ing devices for flat thrust washers may 
be coined or stamped, Fig. 9. 


Grooves: Grooves can be made either 
stopped-off or run-through, Fig. 10. For 
applications having marginal lubrication, 
it is possible to provide lubricant reten- 
tion by using ball-indented or graphited 
stock. It is frequently desirable to provide 
more than the ordinary means of oil 
flow to a thrust surface by means of 
scallops, Fig. 11. These can be punched 
on either the ID, OD, or both. 

Groove depths and contours should 
be the same as those for bushings, but 


the depth should not exceed 0.015. Ma- 
chined grooves can be made deeper, but 
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this increases expense and usually is not 
necessary. 

Most thrust-washer applications can be 
accommodated by simple groove patterns. 
As loads increase, other patterns must be 
used. For instance: 


Load Groove Pattern 


(psi) 


Up to 200 Straight-through Vee or plain 


tear drops 


Up to 300 Blended tear drops or Michell 


type 
400 and Up Tapered land 


Split Bearings 


The most common applications of the 
split bearing are crankshafts, connecting 
rods, and pillow blocks. 

Usually, major dimensions of the bear- 
ings are fixed by considerations other 


than those of bearing design. Diameter 
is fixed by shaft rigidity and strength. 
Bearing length is normally limited by 
space. 


Shape: Split bearings are strips of met- 
al formed into a semicircular shape which 
are bolted-up into a housing. They are 
often made roughly elliptical by decreas- 
ing the wall thickness of the strip near 
the split, thereby increasing the clearance 
at the bearing split. 


Design: In analyzing any bearing ap- 
plication, shaft size and bearing length 
are established by design requirements 
and total bearing load. 

Wall Thickness: The thickness of the 
bearing material depends on the type 
of bearing lining used and the load to 
which it is subjected. The thickness of 
the steel is determined from the me- 
chanical strength required to maintain 
solid contact with the housing bore un- 
der a sufficient press fit. The most eco- 
nomical wall thickness which should be 
used with various shaft diameters are 
given in Table 3. 

Crush: Crush is the press-fit allowance 
necessary to hold the two half-bearings 
securely in the housing bore. It is ob- 
tained by machining the parting line 
faces to a height slightly above the hous- 
ing bore centerline, Fig. 12. 

Bearings are designed with a diame- 
ter equal to the high limit of the hous- 
ing bore, and sufficient crush is added 
to insure good seating. This seating pres- 
sure, however, must be low enough so 
that when a bearing with maximum 
parting-line height is installed in a low- 
limit bore, the bolts holding the hous- 
ing and cap together will have enough 
strength to compress the bearing until 
the housing and cap seats, and still carry 
the operational bearing loading. The 
housing strength must be adequate to pre- 
vent distortion which would result in 
insufficient clearance and subsequent bear 
ing failure. 

The seating pressure must also be high 
enough to prevent loosening of the bear- 
ings. Loose earings permit excessive 
flexing and allow foreign material to be 
introduced between the bearing back and 
the housing bore, resulting in localized 
high spots and bearing failure. Sufficient 
crush must be provided to prevent the 


Shaft 
Diam 
(in.) 


1.500-2.4375 
2.500-3.1875 
3.250-4.1875 
4.250-5.000 
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bearings from loosening at operating tem- 
peratures where bearings and housing 
have different expansion rates. 

Wall-Eccentricity Requirements: Eccen- 
tric-wall bearings are required when the 
diameter of the bearing bore at the split 
surface of the bearing is less than the 
bore diameter at a point 90 deg from 
the split. This condition may result from 
three distinct causes: 

1. Where the housing bore is out-of- 
round before bearing assembly. Unless 
bearing housings are machined with the 
same bolt torque which is used for bear- 
ing assembly out-of-roundness will _re- 
sult. 

2. When the caps are of insufficient 
strength to maintain roundness under 
conditions of crush after the bearings 
are assembled. 

3. When high engine speeds cause in- 
creased inertia loads, bearing-bore dis- 
tortion occurs, resulting in loss of hori- 
zontal clearance, with consequent metal- 
to-metal contact and possible bearing 
seizure. 

While bearings 
quite helpful in providing sufficient hori- 
zontal clearance, design, strength, and 
machining practice should be revised so 


eccentric-wall prove 


that only minimum eccentricity will be 
required. 

The relief at the parting line makes 
it necessary to measure the “horizontal” 
wall thickness at a reference point % in 
above the split line. In some instances 
of serious housing weakness, this bearing 
wall thickness at this point has been 
made as much as 0.0012-0.0015 in. less 
than the centerline wall thickness. 

Even where concentric bearings are 
used, the wall thickness at the reference 
point is specified as 0.0000-0.0003 in. less 
than the centerline wall thickness to pro 
vide theoretical horizontal clearances as 
great, or slightly greater, than the ver 
tical clearances. 

Grooves and Parting Line Reliefs: 
Grooving on a bearing surface reduces 
the effective bearing area and also breaks 
up the bearing surface into a number 


Fig. 15—Partial groove. 


shape. 
one end for manufacturing ease. 
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Cut into strip before rolling to 
Specifications should allow cutter to run through on 
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Fig. 13—Bearing grooves. These are cut into the bearing strip after rolling it into 


cylindrical shape. 


Fig. 14—Full annular groove. 


of small areas which then act independ- 
ently. Therefore, the number and size of 
grooves must be kept to a minimum. 
The ideal bearing from this standpoint 
is one with a plain cylindrical surface 
where oil under pressure is fed through 
a hole at the point of lowest load. If a 
simple hole does not provide enough oil 
distribution, a small V-groove, or short 
groove can be used, Fig. 13. When a 
continuous flow of oil is required through 
the bearing, a full annular groove is used, 
Fig. 14. The width and depth of this 
type of groove is determined by the 


standard. 


Fig. 16 — Spreader groove. 
Lands left at end of groove prevent oil leakage. 


amount of oil which it must carry. How- 
ever, a steel thickness of 0.030-0.040 in. 
is required at the bottom of the groove 
for adequate strength. 

Where a full annular groove is not 
desirable, it is the practice to allow either 
one end or both ends to run out into 
the bore. For manufacturing reasons, the 
sides of these grooves should have a 30- 
deg taper, Fig. 15. 

On all bearings which are splash-fed, 
and on pressure-fed bearings which have 
a length of more than 70 per cent of 
their diameter, a spreader-type groove 


Groove dimensions given are 
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Fig. 17—Broach relief. Neces- 
sary for continuous oil film, 
minimizes effects of cap shift at 
assembly. Used on most bear- 
ings except those with heavy 
loads near parting line. 


Fig. 18—Parting-line chamfer. 
Often used in place of parting- 
line relief. 


along the parting line is desired. This 
groove is made in a wedge shape and 
assists in the spreading of oil along the 
entire bearing surface. Groove height on 
average-sized bearings is approximately 
YY, in. and the 
0.020-0.025 in. Its length is determined, 
of course, by the length of the bear- 
ing minus a sufficient land at the ends 
to keep the oil from leaking at that point, 
Fig. 16. 

A continuous oil film is necessary for 
proper bearing any ob- 
struction or breaking down of this film 
will bearing 
failure. To eliminate this failure, a part- 
ing-line relief is incorporated on all bear- 


depth approximately 


operatior and 


certainly cause ultimate 


ings, except those where heavy loading 
is encountered near the parting line. A 
depth of 0.0005-0.001 in. a height 


(depending on diameter) 


and 
of Y% to % in. 
has proved quite satisfactory on most 
bearings, Fig. 17 

A chamfer of 0.005-0.0100 in. x 45-deg 
across the entire length of the parting 
line is generally used on angular or ver 
tically split bearings, in place of the part 
ing-line relief 

This same type of parting-line cham 
fer must, of necessity, also be used where 
air or vapor in splash-feed systems might 


flow of 


exceed 


obstruct the lubricating oil. It 


sh yuld 


with an 


never 1/32 in. in depth 


angle of either 30 or 45 deg 
with the bore, Fig. 18 
Standard Locking Lug: For 


must be 


proper op- 
held 


assembly, since any 


eration, a bearing firmly 


in position during 


movement around the bore or movement 
result in bearing failure. 
bearings are held in place 
The lug is merely an 


extrusion of a small section of the bear- 


’ 
endwise will 
Occasionally 


only by press fit 


ing wall at the parting line to provide 
a lip which butts against the case and cap. 

The height, depth, and width of the 
locking lug are determined by the size 
of the 
case and 


and the material of the 


Soft 


bearing 


cap. materials, such as 


Small diam and extremely short 0.113-0.118 
bearings 
% diam to 1% diam inclusive 


14, diam to 2% diam inclusive 
(bearings with ,, wall) 

14, diam to 2% diam inclusive 
(bearings with wall over 4,) 

24, diam to 3% diam inclusive 


0.175-0.180 
0.175-0.180 


0.175-0.180 


0.238-0.243 


0. 363-0. 368 
0.488-0.493 


3%, diam and over 


Large diam and extra long 
bearings 


_ 


ie Len Lelie 


i7 : 
175 Lug 


4a 


180width| 


Lug “Jot 
Height Height 
(in.) (in.) 
+0 
~s3 
0.123-0.128 0.031-0.041 


0.031-0.041 
0.031-0.041 


0.185-0.190 
0.185-0.190 


0.185-0.190 0.045-0.055 


0.045-0.055 
0. 055-0. 065 
0.055-0.065 


0.248-0.253 
0.373-0.378 
0.498-0.503 





aluminum, require a larger lug to pro- 
vide more area of contact. 

The position of the lug in relation to 
the length of the bearing depends upon 
the size and location of the bolts secur- 
ing the cap to the case. Theoretically 
they should be as close to the center as 
Certain minimum distances, 
however, should be kept between the 
locking lugs on the two half-bearings in 
assembly, between the locking lug and 


possible. 


oil grooves, and between the locking lug 
and bearing ends, Table 4. 

The locking lugs on both half-bearings 
should always be on the same side of 
the case and cap. If the 4 in. minimum 
dimensions shown cannot be held be- 
cause of short bearing length or other 
design features, the locking lug should 
be placed at a minimum of 0.005 in. 
into the oil groove or at the very end 
of the bearing. 
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PLAIN BEARINGS 


Design of 
Powder-Metal Bearings 








OWDER-METAL bearings are avail- 
able as stock items in a wide range 
of standard sizes. Where moderate quan- 
tities are required, specification of a 
stock bearing can tooling 
charges, delivery times, and direct bear- 


minimize 


ing costs. 


However, when the application is 


such that stock bearings will not fill 
the bill, then a custom design must be 
considered. This chapter discusses cus- 
tom powder-metal bearings and the 
ranges of suitable shapes, sizes, and pro- 
portions that are practical for manu- 


facture. 


Practical Types 


Powder-metal bearings can be made 


in the form of conventional sleeve, 
thrust, flanged, and self-aligning (spher- 
ical OD) bearings, Fig. 1. They can also 
be designed to combine a bearing sur- 
face with a machine-part function, Fig. 
2. Shapes which are practical include 
square and hex configurations, ratchet or 
gear forms, and irregular contours 
around the outside surface of the bear- 
ing. Also, axial holes through the flanges 
can be included. 

If they are not too deep, counterbores 
or OD reliefs can be formed in either or 
both ends. At the flanged end, counter- 
bores should not exceed 30 per cent of 
the flange depth in bronze. For iron or 
dense bronze, a 20 per cent counterbore 
should be considered maximum. Grooves 
in the face or the back of the flange can 
be made to the same depth if the flange 
thickness is 1/16 in. or more. Full-length 
axial ribs, splines, or grooves can be 
formed on the ID or OD. When made 
to partial length, they must reach one 
end of the bearing and not be con- 
fined to the central part of the bearing. 
If a bearing has both part-length ribs on 
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the OD and part-length grooves, they 
must start at opposite ends. If one end is 
flanged, the ribs should start at that end, 
and the grooves at the opposite end. 

The compression force exerted to form 
the bearing is generally parallel to the 
axis of the bearing bore. Therefore, ma- 
chining normally is necessary to pro- 
duce radial holes, parts with two sepa- 
rate flanges, threads, annular grooves, or 
undercuts of any kind, Fig. 3. 

Stepped flanges as integral parts of 
powder-metal bearings are practical with- 
in certain size limitations, Fig. 4. A cen- 
tral flange on a bearing, with a hub pro- 


jecting at each end, is known as a dou- 
ble-hub bearing. For this type, one hub 
should be made shorter than the other. 

Powder metal bearings with helical 
forms are not widely used. Specific re- 
quirements should be discussed with a 
manufacturer before designing bearings 
with helical ribs, splines, teeth or grooves 
to be produced without machining. In 
general, small helix angles are preferred. 

A formed axial hole, such as a hole 
through a flange, or the bearing bore it- 
self, should be large enough in diameter 
so that the die component that forms 
it will have adequate strength. This di- 


Fig. 1— Powder-metai 
bearing types. 
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Fig. 3—Rough and machine-finished bearing, a, preliminary 
form as obtained after compression of the briquette, 6, finished 
bearing configuration after machining operations. 


Fig. 4 — Two-piece 
stepped flange bear- 


ing. 


Fig. 2—Typical powder-metal bearing configurations. 


ameter depends upon the length of the 
hole and density of the bearing ma 
terial. Length-to-diameter ratios can gen- 
erally run as high as 5 for standard- 
density bronze, or up to 3% for high- 
density bronze or iron. These are prac 
tical limits which can sometimes be ex 
ceeded by taking extra precautions 

A bearing OD can be made eccentric to 
the bore and/or to the flange if there 
is one, or to both, Fig 5. But, an ec- 
j 


centric flange requires special considera 


tion. If the flange overhang width is 


»/9 


greater than 3/32 in. at its widest point, 


it must either be 1/16 in. wide entire- 
ly around the bearing, or else sectors under 
1/16 in. in width must be eliminated 
entirely by ending the flange on a radial 
cut-off line where its overhanging width 
decreases to 1/16 in. Where a flange OD 
must blend with the bearing OD, as 
in a cam-form flange, a manufacturer 
should be consulted if the maximum width 
of overhang exceeds 3/32 in. If the maxi- 
mum overhang width is under 3/32 in., 
a flange thickness of twice the overhang 


width is sufficient 


Searing Dimensions 


Sleeve Bearings: Conventional sleeve 
bearings are made in standard lengths 
up to 6 in. and in lengths up to 9 in. 
for special applications. Lengths of bronze 
bearings are rarely over 4 times the OD, 


and not over the extreme limit of 25 


120 


times wall thickness. Bearings made of 
high-density bronze or iron-base mate- 
rials have length limits not over 3 times 
OD or 20 times wall thickness. Wall 
thickness is normally at least 1/32 in. 
Stock sizes generally have wall thicknesses 
4 to Y, of shaft diameter for shafts 4 
in. or smaller, and 1/16 to 3/16 of shaft 


diameter for shafts 24 in. or larger. 


Flange Bearings: Flange thickness var- 
ies widely, but 1/32 in. and % in. are 
the usual lower and upper limits. Over- 
hang is generally less than 3 times flange 
thickness. Body length of flange bear- 
ings should generally be less than 12 
times the wall thickness in standard- 
density bronze, and less than 9 times 


wall thickness in iron or in denser bronzes. 

A fillet is normally included where the 
back of the flange joins the bearing CD. 
Fillet sizes and tolerances are included 
in Table 1. In cases where no fillet can 
be tolerated, it can be eliminated by mak- 
ing a shallow recess in the back of the 
flange, surrounding and adjacent to the 
bearing body. The flange thickness 
should be at least 3 times the recess 
depth, and not less than 1/16 in. in 
any case. Greater thickness is preferable. 
The same restrictions pertain to all 
grooves on the face or back of the flange. 


Thrust Bearings: Thrust bearings are 
made in a wide variety of sizes, from 


7/16 to 30 in. OD, with the ID rarely 





Fig. 5 — Eccentric 
flange bearing con- 
figuration. 





Flange 
thickness 


Flange overhang width i 
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Tolerance (in.) 
Size Range 
(in.) 


Bearing Type 


+ 0.000 
—0.001 (—0.002) 


Sleeve or Body ID and OD Up tol 


Flange 
+ 0.000 
—0.0015( — 0.002) 
+ 0.000 
—0.002 (—0.003) 


1to1% 


1% to2% 


+0.010 
+ 0.015 


Upto 1% 
1% to3 


Length 


Up to1 0D 0.003 
1to1% OD 0.004 
1% to3 OD 0.005 


Eccentricity, ID 
to body OD, TIR 


All thin walls up to 
and including yy 


Rounded end, & 
are height 


Chamfer, & by 45 Walls thicker than 
degree ID and OD, te. OD under 3 
both ends 
Chamfer, 4 by 45 
degree ID and OD, 
both ends 


All bearings with OD 
3 or over 


+ 0.010 
+ 0.015 
+ 0.005 
+ 0.0075 
0.031 + 0.010 


Up to1% 
1% to 2% +0.010 

Up to1\% flange OD +0.0025 

1% to2z% flangeOD +0.005 

Up to 1 body OD 0.031+0.010 


Flange Flange diameter + 0.005 


Flange thickness 


Radius of flange 
fillets 

lto2 0.046+ 0.010 
0.062 +0.010 


0.046 + 0.010 
0.062 + 0.010 


2to2% 
+ 0.005 + 0.005 
+-0.010 + 0.010 
+0.010 + 0.010 

1% to3 +0.015 + 0.015 
Thickness All + 0.0025 + 0.005 
Face parallelism? Up to1% OD 0.002 0.003 

1% to3% 0.003 0.004 


Upto1\% 
1% to2% 


Up to 1% 


Inside diameter 


Outside diameter 


1. Unhardened iron-base bearings. Tolerances for bearings of hardened iron-base materials 
are similar except for the listed exceptions in parentheses. 

2. On thrust bearings, "mits not established for parallelism of faces in hardened iron- 
base materials. Tolerance ranges for larger bearings have been established 
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over 75 per cent of the OD. Thick- at the high points of the thrust bearing. 


1/32 in. for 
thick- 
ness range for thrust bearings up to 4 in. 
OD is 1/16 to 4 in., depending partly 
Larger bearings are 


ness may be as low as 


small bearings, but the usual 


on the diameter. 
proportionally thicker. The 
thickness is limited by the ability of 
the unsintered briquette to withstand 
handling. 

Out-of-flat (dishing or bowing, as dis- 
tinguished from out-of-parallel between 
the flat faces) is a function of wall thick- 
ness. Assuming the ID and OD remain 
unchanged, the thinner the bearings, the 
broader the limits needed on out-of-flat, 
but the less difference it will make in 
terms of local loading of the mating faces 


minimum 
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This is true because powder metals have 
a low modulus of elasticity—approximate- 
ly 5 X 10® for bronze, and 40 per cent 
of that for cast or wrought bronze. 


Chamfers: Powder-metal parts may 
tend to show a slight amount of flash at 
both ends on the body ID and OD, and 
on the flange OD. Some chamfer at these 
points is desirable to ensure against pro- 
jection of the flash above the flat face. 
Standard sizes for chamfers are shown in 
Table 1. The standard chamfer angle is 
45 degrees. 


Densities: The standard specific gravity 
of stock bronze powder-metal bearings 
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Fig. 6—Recommended press-fit values for 
bronze powder-metal bearings. 


ranges from 6.4 to 6.8. However, higher 
and lower densities are also used. Higher 
densities of 6.8 to 7.2 are employed where 
extra strength is needed and self-lubrica- 
tion is not a major consideration. Lower 
densities of 5.8 to 6.2 are suitable where 
maximum lubricant content is desired and 
strength requirements are moderate. 


Design and Installation 
Procedure 


Firm seating of the bearing in the 
mounting and close control of the size and 
form of the assembly bore are important. 
Recommended press-fit values for bearings 
of various sizes are shown in Fig. 6. The 
lower broken line represents minimum 
press fit for conditions of mild service, 
with bearing wall thickness somewhat 
above minimum. If service conditions will 
not tend to loosen the bearing in its seat, 
very little press fit is needed. For normal 
to severe service, a minimum press-fit 
value on the lower limit of the recom- 
mended range should be used. This start- 
ing point, plus stacked tolerances, will 
determine the maximum amount of press 
fit, see Computation of Bearing ID Limits 
and Clearances. 

Press fit is normally figured on the 
basis of a perfectly rigid housing. How- 
ever, if the housing stretches appreciably 
on insertion of the bearing, then part of 
the interference fit will be absorbed by 
the housing. For example, if a '%-in. 
wall powder-bronze bearing (elastic mod- 
ulus 5 X 10® psi) is pressed into a '/-in. 
wall aluminum housing (modulus 10 x 
10® psi), the housing will stretch roughly 
\4, as much as the bearing is compressed. 
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Computation of Bearing ID Limits and Clearance 


A convenient method of computing limits of bearing 
ID and clearance is to set up a two-column table. All 
limits that make for tight clearances are entered in the 
column headed Tight, and all those that make for loose 
clearances are entered in the Loose column. 

a housing bore diameter of 0.750/0.751 
a shaft diameter of 0.499/0.498 in., and a minimum clear- 


ance of 0.0010 in. 


Assume in., 
Arrows indicate the order of procedure 
through tabulation. Black arrows indicate the succession 
of valves used in the example. Color arrows show the 


actual procedural steps. 


Tight loose 
Hoveng Bore 0.750" 7 0.751* Housing Bore 
| 
| +o 1—-+ Press Fit 
| — Min from Fig. 6 
*+0.001 | 
Bearing OD 0.753 +———_ 0.752 Bearing OD 
|*OO Range 
Houwng Bore 0 ¢ 
| 
Press Fit 0.003 » 0.001 Press Fit 
a 
* 
Pa 
Per cont Close-in “77 % Pd 77% Per cont Close-in 
From Fig. 7 Pa From Fig. 7 
— 6 . 
J 
Close in 0.0023 — 0.0008 —— Close-in 
Press fit X per cont | oe” Press fit X per cent 
close-in | o close-in 
4 
, 
, 
| a 
Pd 
4 
Shatt Diameter aan) ~ 
Min Shoft Cleorance *o0.@I* | 
From Fig. 8 A =m | | 
| 
Assembled Beoring ID 0.500 —> 
| 
Close-in +0.0p23 4 | 
—-— || 
| | *0.00) | 
Bearing 1D Before 0.5023 0.3033 =| Bearing iD 
Auembly | 1D Range | Before Assembly 
i] 
| 
| 0 re Close-in 
| on — 
Assembled Bearing |O 0.500 ¢ J 0.5025 Assembled Bearing !0 
K.. 
Pa 
Shatt Drometer i) 4 ~~ 0 = Shatt Diometer 
> 
> 
~~ 
0.0045 Resulting Clearance 
Rewiting Clearance 0.001 


"Given or selected volves 


} 


searing diameters are normally specified to the nearest 
0.0005 in. or even to the nearest 0.001 in. In practice, 
the bearing rarely has a high limit ID combined with 


a low limit OD or vice versa, so the range of actual 
clearances would normally be narrower than the resulting 
0.0010 to 0.0045 in. range by several ten-thousandths. 

If better control of clearance is needed, the bearing may 


be inserted with a sizing plug, Fig. 9. The plug may be 


fitted with a spring button to hold the bearing, or the 
bearing can be positioned over the housing bore in a 
locating sleeve, from which the plug picks it up on the 
down-stroke. In either case, the shoulder of the plug 
seats the bearing in the housing, and the arbor portion 
of the plug establishes a lower limit for the assembled 
bearing ID. This permits lowering the ID of the bearing 
(before assembly) which automatically reduces the upper 
limit of the assembled bearing ID and clearance. With 
the same housing bore, press fit, bearing OD, and close- 
in as previously used, the last part of the example below 


the dashed line becomes: 


Tight 


Shatt Diameter 0.499" 


Min Shaft Clearance +0.@1* 

(From Fig. 8) 
Assembled Bearing ID 0.500 
Desired min) 


Sizing Plug Diameter 
Allow 0.0003 in 
spring-back) | 


0.003 || | 
| 


Bearing ID Before Bearing ID Before 
Assembly 
0.5008 in. would be | 
min for free fit onto 
0.5003 plug) 








Close-in (As before) 0.0023 — Close-in (As before) 
Assembled Beoring ID 0.5000 0.12 Assembled Bearing !D 
(Plug not large enough 

. to affect this diameter) 

Shaft Diameter “0 a ~0.8* Shatt Diameter 
* 
* 
>. 
a = 

Resulting Clearance 0.0010 0.0032 Resulting Clearance 


"Given or selected valves 


If even a 0.0032 in. clearance is too loose, the press 
fit can be increased by 0.001 in. 
in by 0.008 in., and reduce the high-limit values of the 
assembled ID and clearance by the same amount. Note 
that by decreasing the ID (before assembly) by 0.001 in. 
would not produce the same effect. Some of the bearings 
would be tighter than the desired slip fit on the sizing 


This will increase close- 





plug. 
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Fig. 7—Bearing ID close-in for normal press fit. 


Thus, only 80 per cent of the interference 
fit will be experienced as a press fit by 
the bearing, the stretch of the housing 
absorbing the other 20 per cent. 

The flange normally projects outside the 
housing. The housing can be recessed to 
admit it, but press-fitting the flange into 
the recess is not recommended. Clearance 
around the flange is preferred. 

In cases where severe service demands 
especially firm seating, the bearing should 
be pressed into the housing and then 
burnished in place. A rather rough finish 
in the housing bore is both helpful and 
economical. 

Boring is helpful where close concen- 
tricity of bearing bore with the housing is 
needed, as in the case of a transmission 
shaft where the end of the shaft serves 
both as a journal and as a housing for 
a pressed-in bearing. 


Thermal Effects: When the coefficients 
of expansion for the bearing, the housing, 
and shaft are not the same, temperature 
affect bearing 
conditions 


clearances, 
of extreme 


changes _ will 
especially under 
cold. 

For instance, a bronze bearing will 
tend to tighten up on a steel shaft when 
both are chilled. If the bearing is in- 
stalled in an aluminum housing, the 
housing will contract around the bear- 
ing—thus increasing both the press fit 
and the close-in. 


Example: A bronze powder-metal bear- 
ing with | in. ID and \4-in. wall thick- 
ness, is pressed into an aluminum hous- 
ing and has a steel journal running in it. 
The temperature at time of assembly is 
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Fig. 8—Bearing clearances. , 





im ( light 


























3 4 
Shaft Diameter (in.) 








+70 F. Determine the increase in press 
fit, the total bearing ID close-in, and 
the decrease in running clearance when 
the temperature is lowered to —70 F. 

Coefficient of 

Material Thermal Expansion* 
RN ss 5 <<. capa 0.0000120 
Puneer Beate .. i.0scaseksel 0.0000100 
DE ects s . .<s eee 0.0000066 
Aluminum housing bore con- 

tracts 0.000012 x 14 

2. Seer 0.002100 i 


Powder-bronze bearing OD 
contracts 0.000010 x 14% 
eek «cc nceiny tudes 0.001750 i 


Resulting in increase of 
SE wk « -daans ineden 0.000350 i 


From close-in chart Fig. 7 
\%-in. wall bearing closes-in 


80 per cent of 0.00035 .. .0.000280 i 


Powder-bronze bearing ID 
contracts of its own accord, 


0.000010 x 1 x 140 ....0.001400 i 
Total bearing ID close-in . .0.001680 i 


Steel shaft contracts 
0.0000066 x 1 x 140 ...0.000924 i 


Decrease in running 
SN Nei ceacnseesuees 0.000756 in. 


*In. per in. per deg F 
Press Fit of Bearings on Shafts: This 


Insertion arbor plug 














Bearing 


Fig. 9—Use of sizing plug to control 
bearing clearance. With the arbor plug, 
the bearing ID must be approximately 
0.001 in. smaller than the previously com- 
puted value in order to provide adequate 
sizing stock. 


method is unusual, and generally less satis- 
factory than the normal procedure of 
pressing the bearing into the housing. 
However, it can be used to meet certain 
design requirements. In such cases, the 
interference should be held to 0.003 to 
0.006 in. per in. for bronze, 0.002 to 0.003 
in. per in. for powder iron, and 0.001 to 
0.002 in. per in. for other iron-base, pow- 
der-metal bearings. 


Impregnation with Lubricant: Powder- 
metal bearings are usually furnished im- 
pregnated with a variety of lubricants. 
If a special lubricant is required, the bear- 
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Oil cup 


Felt washer 


, Felt or wool wick 
in oll reservoir 











Oil Lubrication 





Grease 
reservoir 


Grease 
fitting . 


Bearing 





\ 
Bearings 





Bearings provided with drilled holes, 
and circular or lateral grooves 








Grease Lubrication 


Fig. 10—Methods of providing lubrication for powder-metal bearings. For oil lubri- 
cation, it is necessary to feed oil only to the OD or end of bearing. Grease lubri- 
cated installations require the lubricant to be fed to a reservoir or directly to the 
shaft through holes and grooves in the bearings. 


ings should be ordered in “bone dry” 
condition. To impregnate with oil, one 
of the following procedures is recom- 
mended: 

1. Heat the oil to 140 to 160 F. Higher 
temperatures provide a higher oil charge, 
but tend to break down the oil if used 
repeatedly or for a long time on the same 
lot of oil. Submerge the bearings in the 
oil for 30 minutes. Upon removal of the 
bearings, do not wipe off the excess oil— 
the bearings continue to absorb oil for 
some time after they start to cool, and the 
thicker the wall, the more time will be 
required. If the bearing wall is over 
'\% in., either let the bearings cool in the 
oil, or transfer them to a container of cool 
oil. The bearings should remain in the 
cool oil 10 minutes for every % in. of 
wall thickness. These figures refer to 
bronze bearings with SAE 30 oil. Allow 
proportionately longer times for heavier 
oil, and three times as long for powder- 
iron bearings as for bronze. 

2. To obtain the maximum oil content, 
place the bearings into the heated oil 
and apply the highest available vacuum 
for 30 minutes. Release the vacuum, and 
if wall thickness is over 1 in., either allow 
the bearings to stand and cool overnight 
in the oil, or apply at least 20 psi air pres- 
sure for 20 minutes to force the oil quick- 
ly into the pores. Caution should be used 
when handling hot oil under pressure. 

For most applications, the oil content 
is good for the life of the bearing. How- 
ever, when service requirements demand 
subsequent lubrication, means of provid- 
ing lubrication may be designed into the 
housing, Fig. 10. Oil lubrication is pre- 
ferred, but grease is also often used. 
While oil may be supplied to any part 
of the porous bearing structure, grease 
should be fed directly to the bore. 
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PLAIN BEARINGS 


Design of 


Thermoplastic Bearings 





LASTIC fulfills a need as a bearing 

material that cannot be satisfied with 
metals. In applications where contamina- 
tion must be avoided, the use of plastic 
bearings is ideal, since lubrication is not 
necessary. In some applications, the liq- 
uid being processed can act as a lubri- 
cant to increase the load-carrying char- 
acteristics of the bearing. Plastic materials 
are used in corrosive atmospheres at both 
high and low temperatures. Plastic bear- 
ings reduce noise level and are light in 
weight. In addition, they can be economi- 
cally produced in large quantities by 
injection molding. Frequently, subassem- 
blies can be avoided because the ‘bear- 
ings can be made an integral part of the 
equipment. 

Although enough experience and in- 
formation have been gathered to en- 
able the engineer to design plastic bear- 
ings with confidence, a new design should 
be adequately tested before production 
commitments are made. This chapter is 
concerned with only thermoplastic-type 
bearings, since these types are those most 
commonly used in small and medium 
sized bearings. 


JACK R. MACE 


Technical Representative, Polychemicals Dept. 


E. |. du Pont de Nemours & Co. Inc., Wilmington 98, Del 


Material 
Zytel 101 nylon resin 
Delrin 500 acetal resin 
Teflon TFE fluorocarbon resin 
(Reinforced compositions do 
not include TFE fabric) 





*Based on 0.5 per cent strain at 200 F. 


Max Compressive Stress (psi) * 
350 
800 
50-150 














Plastic Bearing Types 


Journal and thrust bearings can be de- 
signed in plastics. Journal bearings are 
usually of the solid or split type con- 
struction. Also, journal bearings can be 
in combination with thrust bearings. Ex- 
amples of these are shown in Fig. 1. 

Thin tape or strip-type bearings can be 
used for flat sliding surfaces or for low- 
friction inserts in journal bearings. These 
can be fabricated from flat sheet stock 
or tubing of the desired thickness. When 
used in a journal bearing, the material 
is cut on the diagonal to minimize the 


interruption in the bearing line of con- 
tact. The cut minimizes changes in clear- 
ance by permitting circumferential ex- 
pansion due to variations in temperature 
and moisture conditions. 

Frequently, it is advantageous to in- 
corporate the bearing into the housing 
or operating part to reduce assembly costs. 
A structural resin such as acetal or nylon 
is required for designs of this type. In 
these applications, the expected bearing 
life should be equivalent to that of the 
entire unit, since replacement would in- 
volve the complete assembly. 

When solid journal bearings are to be 








Combination Thrust and Journal 


Ce @ B 


Journal 


Fig. 1—Plastic bearing types. 


Strip 
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Environment 


Temperature (F) 
80 160 





J Delrin 500 ot 0.005 iniper in| cleardnce 
fr ‘ ; ‘ ; + + 


@) Immersed in woter 


| 
| 


> 


a 
© 


Bearing Pressure, (psi) 
Nn 
° 





Zytei 101 at O.015 in| per if. clearonce 


nN 


Content (per cent) 
° 
@ 


Water 








Velocity (fpm) 





(2) 100 per cent ‘telative humidity 
(_5O per cent relative humidity 


Increase in Length (per cent) 


\AA 














0.0 02 0.4 06 os 
Increase in Length (per cent) 








Fig. 2—Bearing pressure vs velocity limita- 
tions as determined by PV equations. 


produced by injection molding, it is de- 
sirable to maintain an axial length ap- 
proximately equal to or less than the 
diameter. Length-to-diameter ratios ex- 
ceeding one are usually obtained with 
machined or strip bearings. 

It is desirable to make the bearings as 
thin as possible to increase the rate of 
heat transfer to the housing and the shaft. 
This will also reduce thermal expansion 
and deformation under load. Thicknesses 
of 1/16 in., or less, have been used suc- 


cessfully. 


Material Selection 


An intelligent selection of a plastic 


bearing material is important. Three 


types of thermoplastic resins are com- 
monly used for small or medium-size bear- 
acetal, and fluorocarbon 


resins. Nylon is normally used where su- 


ings: Nylon, 


wear resistance is 
excellent for 


perior abrasion and 
required. Acetal 
high bearing loads and dimensional sta- 
bility. Fluorocarbon resin (TFE) is used 
for high and low temperature applications 


resin is 


and for very corrosive environments 
where low frictional coefficients without 
lubrication are desired. Design limits on 
compressive stress for various plastic ma- 


terials are given in Table 1. 


Load and Speed Requirements 


In any plastic-bearing application, the 
prime consideration is the expected load 
and speed. There is no way of accurately 
predicting the performance of a bearing, 
even if all design factors are known. 
However, the PV 
whether or not a specific bearing is able 


value will indicate 


to do a required job. 
The term PV is common in bearing 


design for all materials. This is the prod- 
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uct of the velocity (fpm) and the bear- 
ing pressure (psi) on the projected bear- 
ing area. In thrust bearings, the mean 
diameter is used to calculate the velocity. 
Representative PV curves for unlubricated 
nylon and acetal resin bearings are shown 
in Fig. 2. PV values for fluorocarbon 
resins range from approximately 1000 for 
unmodified material to about 15,000 for 
filled compositions and reinforced con- 
structions. 

Maximum allowable PV values can be 
increased considerably if the bearings are 
lubricated. At low speeds, the bearing ap- 
plication is limited by the compressive 
strength of the material. At high speeds, 
the temperature resistance becomes the 
limiting factor. This points out the im- 
portance of proper material selection for 
the bearing application. 


Bearing Clearances 


The most important single factor for 
good plastic journal bearing design is the 
specification of proper running clearance 
on the shaft. More than 50 per cent of 
bearing problems are the result of in- 
sufficient clearance. Clearance is defined 
as the difference between the diameter 
of the shaft and the diameter of the bear- 
ing. Clearance values are necessarily 
larger for plastic bearings than those nor- 
mally specified for metal bearings. Pos- 
sible disadvantages of large clearances 
are frequently overcome by the resilience 
and vibration dampening effects of the 
plastic. 

A minimum clearance of 0.005 in. per 
in. of shaft diameter is recommended for 
unlubricated bearings of nylon, acetal and 
fluorocarbon resins for the average instal- 
lation in air and at room temperature. 
Clearances up to 0.015 in. per in. are 
considered good practice. For shaft diame- 


Fig. 3—Dimensional change of Delrin 
acetal resin due to environment. 


ters under 1 in. a minimum clearance 


of 0.004 in. should be specified. 


Lubrication: Lubrication will substan- 
tially reduce frictional heat in bearings. 
If continuous lubrication is used, closer 
clearances can be specified. On 1-in. diam 
shafts, successful performance has been 
achieved with lubricated journal bear- 
ings of nylon and acetal resin with clear- 
ances as low as 0.0025 in. This low clear- 
ance was obtained with machined bear- 
ings, since close tolerances are difficult 
to maintain with injection molding. 


Temperature: Temperature affects clear- 
ances of all three resins. They have co- 
efficients of thermal expansion approxi- 
mately five to ten times that of metal. 
An allowance for this expansion or con- 
traction must be made in sizing the bear- 
ing so that correct clearances will be 
maintained at the normal temperature. 

The dimensional changes with tem- 
perature are influenced by the design. For 
example, in a sleeve bearing in a rigid 
housing, lowering the temperature 100 F 
will cause a contraction in the clearance 
of 0.005 in. per in. Raising the tempera- 
ture will also affect the clearances— the 
amount depending on wall thickness and 
method of mounting. For best perform- 
ance, the bearing should be sized so that 
the proper clearances are obtained at the 
operating conditions. 


Moisture: Moisture affects clearances to 
a varying degree. Acetal resins are af- 
fected only slightly by moisture. However, 
dimensional changes should be considered 
if the bearings are to be used in water 
service. A graphic method for approxi- 
mating dimensional changes due to mois- 
ture and temperature is given in Fig. 3. 

Nylon resins will absorb moisture from 
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Increase in Dimensions (in per in.) 





Bpecirhen Thickness as Shdwn 








Moisture Gain by Weight (per cent) 
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Moisture Content by Weight (per cent) 


+ 


0.125 in, 


01250 in. 


—In-woter, 73 F> 
——=4In air, 75 F, 50 per cent 
+retative humidity 7 


+ 





7 








Time (days) 











Fig. 4—Change in dimensions of Zytel 
101 nylon resin vs moisture content. 


any source. When initial basic clearances 
of 0.015 in. per in. are used, moisture 
changes, and resulting dimensional changes 
in an air environment, are not a prob- 
lem. As molded, nylon resins normally 
contain less than 0.3 per cent moisture by 
weight. When exposed to air at 73 F 
and 50 per cent relative humidity, mold- 
ings of nylon will reach an equilibrium 
moisture content of 2.5 per cent. The 
effect of moisture on dimensions for ny- 
lon is shown in Fig. 4. The rate of 
moisture absorption is low as shown in 
Fig. 5, and standard procedure is to pre- 
condition the bearings for the operating 
environment. Boiling the bearings in wa- 
ter will bring them to the desired mois 
ture content at a faster rate. This will 
adjust the bearings to the equilibrium di- 
mensions of the anticipated service con- 
ditions. 

Fluorocarbon resins do not absorb mois- 
ture. Hence, they do not change dimen- 
sions with moisture variations. Since fil- 
lers are also unaffected by moisture, the 
dimensions of parts made with filled com- 
positions will be unaltered by moisture. 


Molding Tolerances: Molding tolerances 
must be considered when dimensions are 
specified. If tolerances of +0.002 in. per 
in. for the first inch or fraction thereof 
are desired, precision molding is required. 
Close tolerances require rigid inspection 
and result in increased costs. Plastics 
will more readily conform to the journal 
or bearing holder than metals and very 
close tolerances are frequently not neces- 
sary. When adding molding tolerances to 
the required clearances, it is suggested that 
too much clearance will probably not 
be harmful, but too little can result in 
seizure. 


Stress Relaxation: Injection molded bear- 
ings of nylon or acetal resins may con- 
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tain internal stresses induced during mold- 
ing. If these are high enough, they may 
relieve themselves at elevated tempera- 
tures and result in slight dimensional 
changes of the bearing. When the design 
requires minimum clearance, the bearings 
should be annealed. 

The annealing should be performed by 
immersion in a hot oil which will noi 
oxidize or chemically attack the bearings. 
Good grades of mineral oil have been 
used successfully. The parts should be 
submerged in oil at 320 +3 F for a period 
of time equal to one minute for each 
0.020 in. of thickness. Leaving the an- 
nealing oil on the bearing surface will 
improve the bearing characteristics by 
serving as initial lubrication. 

Assembly: Interference fits of plastic 
bearings into housings or retainers will 
have a pronounced effect on final clear- 
ances. Plastics are resilient and when 
pressed into rigid housings, the ID of 
the bearing will be reduced almost the 
same amount as the interference. The con- 
verse is true when the bearing is pressed 
onto a shaft. A good rule of thumb esti- 
mate, is to assume a clearance change 
equal to 90 per cent of the interference. 

At least one of the bearing ends should 
be free within the housing. Prevention of 
thermal expansion in the axial direction 
may cause a reduction in radial clearance. 


Friction and Wear Factors 


Friction in bearing design is important 
because temperature and wear are directly 
related to it. A bearing with a high co- 
efficient of friction will operate at an 
elevated temperature with a_ resulting 
high wear rate. Proper selection of ma- 
terial, lubricant and clearance are nec- 
essary to control friction and wear. 

Wear rates cannot be predicted accurate- 


Fig. 5—Moisture absorption of 
Zytel 101 nylon resin vs time. 


ly. However, experience has shown that 
properly designed bearings will wear at a 
rate of approximately 0.005 in. or less, in 
5 million cycles. This wear rate can be 
used to screen new applications. Wear 
rates less than this should lead to success- 
ful applications; higher rates of wear in- 
dicate the application may be question- 
able. 


Surface Finish: Another means of re- 
ducing friction is to produce as smooth a 
finish as possible on the shaft. Surface 
finishes of 8 to 16 microinches rms, with 
a limit of 25, are normally recommended. 
The shaft surface can be rougher, but the 
degree of roughness that can be tolerated 
depends on the application. For rougher 
surfaces, the allowable PV factor will be 
reduced and the use of lubricants becomes 
mandatory. Other than surface finish, 
steel shafts need no special treatment or 
hardening. 

The surface finish of the plastic bearing 
is not critical. Bearings molded with fin- 
ishes of 25 to 50 rms microinches perform 
as well as those with highly polished sur- 
faces. 


Like all bearings, plastic bearings should 
be “broken in” for best wear characteris- 
tics. Fifteen minutes operation at one- 
half the service conditions are usually more 
than satisfactory for nylon or acetal bear- 
ings. With bearings of fluorocarbon res- 
ins, the time is even less. Very often, a 
break-in period is impractical from a pro- 
duction standpoint. In such cases, it is 
good practice to reduce the design PV 
factor to lower the level of significance 
of the break-in period. An alternative is to 
initially lubricate the bearings with a few 
drops of oil. If the residual annealing oil 
is not removed from the bearing, the 
break-in period can usually be eliminated 
unless the operating PV factor is so high 
that continuous lubrication is required. 
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Lubrication: The use of lubricants has 
been mentioned briefly several times and 
follows as another means of reducing 
friction and wear. In most applications, 
plastic bearings are used because no lubri- 
cation is one of the requirements. A few 
drops of mineral or «ilicone oil will usual- 
ly double the maximum allowable PV 
factor and continuous lubrication can in- 
crease this value by five to ten times. 
Bearings of nylon and acetal resins will 
retain hydrodynamic lubrication with a 
minimum of lubricant. This property is 
particularly desirable if there is a possibil- 
ity of improper lubrication at operating 
conditions above the capabilities of a dry 
bearing. 

When nylon and acetal resin bearings 
are annealed, the oil penetrates into the 
surface slightly (about 0.010 in.) and pro- 
vides a trace supply during operation 
Any trace of oil will improve the bearing 
characteristics of plastic materials. 


Opereting Temperature: With the ex- 
ception of fluorocarbon bearing applica- 
tions, shaft temperatures should not ex- 
ceed 175 F when bearings are operated at 


recommended PV limits. 

Excessive operating temperatures will 
cause rapid wear and, if high enough, 
actual melting of the resin at the bearing 
surface. Any design should provide an 
efficient means of conducting heat away 
from the bearing surface. he usual path 
is through the steel shaft. Thin-walled 
bearings will facilitate transfer of heat 
to the housing. 

Applications where plastics run against 
plastics, such as nylon on acetal resin, 
have been used effectively. However, 
bearing designs of this type are restricted 
to low speed and intermittent service 
because of the limited rate of heat trans- 
fer. 


Creep Characteristics 


The characteristic of deformation with 
time under load, commonly referred to as 
creep, is always present in plastic mate- 
rials. This is a mechanism of yielding 
similar to that experienced with metals at 
high temperatures. For practical design 
purposes, the deformation at less than one 
percent strain, after a one year period, 


reaches a magnitude approximately equal 
to that of the initial strain. To estimate 
total elongation, the initial strain may be 
doubled. Most of the creep is experienced 
within 1000 hours and, after a year’s 
period, the creep rate becomes insignifi- 
cant and often immeasurable. 


Plastic Bearing Mounts 


Several methods can be employed to 
hold a journal bearing in place. The 
least desirable, as pointed out before, would 
be to constrict both ends of the bearing. 
Prevention of thermal expansion in the 
axial direction will increase the radial ex- 
pansion and make larger clearances neces- 
sary. Keyed bearings are frequently used 
and work well. Snap fits are practical 
where bearings are forced over interfer- 
ence fits and held in place without being 
exposed to continuous load. 

Also, press fits onto a shaft or into a 
housing are good. Flanges and set screws 
can also be used to advantage. Self tap- 
ping screws are very effective and re- 
duce assembly costs. 
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APPENDIX 


Standards 





N the surface, there seem to be hun- 
dreds of standards and specifications 
covering a multitude of bearings. A closer 
investigation reveals two significant facts: 
1. Many of the standards covering rolling- 
element bearings are duplications of stand- 
ards issued by another agency, or almost 
duplications. 2. There is a noticeable lack 
of standards which cover plain bearings. 
There are reasons why these two facts 
are so. That so many of the standards for 
rolling-element bearings agree is a tribute 
to the efforts of all the standardizing 
agencies, and their desire to have world- 
wide interchengeability. To paraphrase the 
AFBMA: Better quality bearings at lower 
cost are the mutual aim of both the manu- 
facturer and the user, and these divergent 
attributes can both be accomplished only 
by standardization. 

Plain sleeve bearings, on the other 
hand, are pretty much a design-as-you-go 
proposition. There are plenty of stand- 
ards and specifications for plain bearing 
materials, Table 1. But few standards de- 
lineate dimensions, shapes, groove con- 
figurations, and so forth. The automotive 
industry (SAE) uses standard sizes for 
crankshaft half-bearings and locking lugs. 
Also, some standardization work has been 
done with powder-metal bearings. 

The standards that are available on 
either plain bearings or rolling-element 
bearings are issued by technical organiza- 
tions and societies, industry groups, and 
individual companies. 

National and International Standards: 
These cover the properties of bearings 
having broad usage by several consuming 
industries. Such standards are normally 
developed under democratic standardiza- 
tion procedures, with all interested parties, 
both manufacturer and user, having full 
opportunity to participate. 

Industry Standards: Prepared and dis- 
tributed by organizations performing stand- 
ardization work in specialized fields, these 
standards are usually limited in scope; 
they are normally patterned to suit spe- 
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cific cases. The development of such 
standards is basically unilateral, with ac- 
ceptance of other interested parties being 
solicited only after the preparing agency 
is well satisfied with the workability of 
the standard. 

Military and Federal Specifications: Mili- 
tary specifications and standards are de- 
veloped through the co-ordinated efforts 
of the Army, Navy and Air Force, under 
the general direction of the Armed Forces 
Supply Support Center, Offiee of the As- 
sistant Secretary of Defense, Supply and 
Logistics. They are primarily intended for 
use by the various branches and depart- 
ments within the military establishment. 
However, they have certain applications 
outside of the Department of Defense. 

Military standards and specifications are 
identified by the prefix MIL or MS. Tech- 
nical Orders (T. O.), are also prepared 
under the auspices of the Department of 
Defense, but are available only to those 
firms having defense contracts. 

Standards List: The following list of 
standards and specifications is from various 
standardizing groups, listed in alpha- 
numerical order. Sources of availability 
are also indicated. 


AFBMA 


Anti-Friction Bearing Manufacturers As- 
sociation Inc., 60 East 42nd St., New York 
17, N. Y. 


AFBMA Standards—A complete book of 
rolling-element bearing standards, bro- 
ken into 10 sections. These sections 
are available separately, and defined 
here. 


Section 1 Terminology and Definitions 
for Antifriction Ball and Roller Bearings 
and Parts—Contains names and defini- 
tions for bearing parts, dimensions, 
tolerances, and measurements. 


Section 2 Boundary Dimensions for Ball 


and Roller Bearings—Establishes stand- 
ard dimensions for bearing bores, out- 
side diameters, widths, and fillet sizes 
on shaft and housing which the bear- 
ing corner contours must clear. This 
standard only covers the outside dimen- 
sions of a bearing. Therefore, bearings 
made by different manufacturers but 
with the same boundary dimensions 
may be different. 


Section 3 Bearing Tolerances—Tolerances 
are given for most types of rolling-ele- 
ment bearings. See ASA B3.5-1951. 


Section 4 Ball and Roller Bearing Stand- 
ard Gaging Practices—Because of the 
relatively thin ring sections in bear- 
ings and the possible deformation that 
could occur under some gaging prac- 
tices, these methods are established to 
assure agreement. These methods do 
not necessarily represent production 
practices. See ASA B3.4-1950. 


Section 5 Bearing Identification Code— 
Identifies and describes each bearing 
type, as far as possible, to the extent 
necessary for dimensionable and func- 
tional interchangeability. This stand- 
ard dimensionally defines only the out- 
side dimensions. Internal construction 
of two bearings having the same code 
number but made by different manu- 
facturers may be different enough so 
that they are not functionally inter- 


changeable. See ASA B54.1-1960. 


Section 6 Recommended Practice for Do- 
mestic and Export Packaging—Satisfac- 
tory final protection of a bearing may 
be obtained by the use of a wide se- 
lection of rust preventatives, wrapping 
materials, and cartons or overwraps. 
These recommendations allow consider- 
able latitude in the selection of ma- 
terials as long as the specified degree 
of protection is obtained. 


Section 7 Bearing Mounting for Radial 
Ball and Spherical Roller Bearings and 
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Roller Bearings—Shaft and 
given for 


Tapered 
housing seat tolerances are 
all radial bearings except cylindrical- 


roller bearings. 


Section 8 Bearing Mounting Accessories 
—Lock nuts, lock plates, lock washers, 
shafts for lock nuts, adapter assemblies, 
and adapter sleeves are all defined di- 

A part numbering system 

See ASA B3.9-1951. 


mensionally 


is also given 
Section 9 
Ratings 


bearings only 


Method of Evaluating Load 
Covers radial and thrust ball 
Shows method of evaluat- 
ing both dynamic and static load rat- 
ings, how to calculate equivalent radial 
load and rating life. See ASA B3.1I- 
1959. 
Section 10 Standards for Balls—Covers 
requirements and acceptance provisions 
and test- 


r of balls 


Defines ball grade, measuring 
ing methods, and lists n 
per pound 


AGMA 


Manufacturers Associa 


Circle, Washington 


American Gear 


tion, One Thomas 


» D.C 


265.01 Standard Bearings — Allowable 
Loads and Speeds—Gives recommended 
maximum loads, speeds, and life re- 

bearings used in en 


Both plain bear 


rolling-element bearings are 


quirements for 
closed gear boxes. 
ings and 


covered 


AMS 


Aeronautical Material Specifications Div., 
Society of Automotive Engineers Inc., 485 
Lexington Ave., New York 17, N. Y 
Aeronautical Material Specifications—Ma 
terial and process specifications for use 
aircraft industry. 


in the These speci 


actually originated under 


f SAE 


fications are 


the au pices 


ASA 

American Standards Association, can be 
»btained from American Society of Ms 
chanical Engineers, 29 West 39th St.. Neu 
York 18, N. Y 


B3.4-1950 Gaging Practices for Ball and 
Roller Bearings—See description under 
AFBMA, Section 4. 


B3.5-1951 Tolerances for Ball and Roller 
Bearings—See description under AFBMA, 
Section 3. 


B3.8-1951 Bearing Mounting for Ball and 
Roller Bearings, Specifications for—Based 
on AFBMA, Section 7. 


B3.9-1951 
Specifications for 
Section 8 


Bearing Mounting Accessories, 
AFBMA, 


Based on 


Type SAE Number 


ASTM Number AMS Number 





701B 
701C 


Aluminum Bronze 


Babbitt 


Cast Bronzes 


Bronze Powder 


Metal 


Iron Powder 
Metal 


Red Brass 


Wrought Copper- 
Base Alloy 





4631 and 4635 
4640 


150, Alloy 1 
150, Alloy 2 


23, Alloy 12 
23, Alloy 14 
23, 


B 
B 
B 23, Alloy 10 
B 
B 
B Alloy 15 


c- 


B 62; B 145, 4A 

B 22, D; B143, 1A 

B 143, 1B 

B 144, 3A 

B 144, 3B 

B 66 (Hard 
Bronze; 
B144, 3D 

B 66 (Soft 


Bronze) 


B 202, Type |! 


B 202, Type 2, 
Class A 

B 202, Type 2, 
Class B 


B 36, Alloy 3 
B 36, Alloy 4 


B 36, Alloy 6 4505 and 4507 








B3.10-1960 Instrument Precision Ball 
Bearings—Establishes the characteristics 
which define an instrument precision 
ball bearing, including boundary di- 
mensions and tolerances, classifications 

selective assembly, internal 

clearances, and other requirements. 

Both inch and metric dimension series 


used for 


are given. 


B3.11-1959 Load Ratings for Ball and 
Roller Bearings—Similar to AFBMA 
Section 9, except this standard also 
covers roller bearings. Conforms to 
ISO Recommendation 76 and Draft 
ISO Recommendation 278, except that 
the ASA standard more specifically de- 

value of one coef- 

some types of 


lineates numerical 
applicable to 
roller bearings. 


ficient 


B54.1-1960 Identification Code for Ball 
and Roller Bearings—Similar to AFBMA 
Section 5, fewer bearing types 


are covered. 


except 


ASTM 


American Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa 
Bridges 


B 22-52 Bronze Castings for 


and Turntables—Covers five alloys of 
bronze used in bridges and other struc- 
tures for expansion bearings. 


B 23-49 White Metal Bearing Alloys 
(Babbitt Metal)——Fourteen typical bab- 
bitt metals are specified, covering the 
range of alloys commerically used. 


B 30-54 Copper-Base Alloys in Ingot 
Form for Sand Castings.-Covers 27 
copper-base alloys, defining composition 
and testing methods. 


B 66-52 Bronze Castings in the Rough 
for Locomotive Wearing Parts. 


B 67-52 Car and Tender Journal Bear- 
ings, Lined. 


B 119-45 Classification of Cast Copper- 
Base Alloys—This is a classification of 
all the different types of cast copper- 
base alloys. It is intended to simplify 
the terminology applied to these alloys. 
This is not a material specification. 


B 144-52 High-Leaded Tin Bronze Sand 
Castings—Five alloys are defined. 


B 148-52 Aluminum-Bronze Sand Cast- 
ings. 


B 202-58T Metal Powder Sintered Bear- 


ings (Oil Impregnated)—Bearings of 
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two types and four classes are covered. 
Composition of material, porosity, crush- 
ing strength, tolerances, recommended 
fits, running clearances, wall thickness, 
and standard sizes are all defined. 


DOD 


Department of Defense, can be obtained 
from Superintendent of Documents, U. S. 
Government Printing Office, Washington 
25, D.C 


Handbook H 203 Manufacturer’s Sym- 
bols and Designations for Anti-Friction 
Bearings—Supersedes AF Manual 67-5. 
Intended to serve as a guide for the 
uniform interpretation of commercial 
designations and symbols currently used 
by manufacturers of antifriction bear- 
ings. Information on codes and sym- 
bols is alphabetically arranged by manu- 
facturer’s name. 


Federal 


Business Service Center, General Services 
Administration, Washington 25, D. C. 


FF-B-I7la Bearings, Ball, Annular (Gen- 
eral Purpose)—This specification does 
not include all types and classes of 
general-purpose annular ball bearings, 
but is only intended to cover those 
types and classes generally used by the 
government. Dimensions, Federal type 
numbers, testing procedures, load-life- 
speed relationships, and assembly pro- 
cedures are given. 


FF-B-185 Bearings, Roller Cylindrical; 
and Bearings, Roller, Self-Aligning— 
Covers cylindrical and _self-aligning 
roller bearings for general purpose use. 
Just one grade of bearing is defined. 
Federal type numbers, testing pro- 
cedures, and load-life-speed relationships 
are given. 


FF-B-187a Bearing, Roller, Tapered — 
Covers tapered-roller bearings for gen- 
eral purpose use. Does not cover 
special precision applications such as 
on aircraft, precision ordnance or sub- 
marine equipment. This specification 
lists only one grade, according to tol- 
erances given. Federal type numbers, 
testing procedures, inspection methods, 
and _ load-life-speed relationships are 
given. 


iso 


International Organization for Standardiza- 
tion, Available from American Standards 
Association Inc., 10 East 40th St., New 
York 16, N. Y. 


RIS Ball and Roller Bearings (1955)— 
Corresponds to ASA B3.5-1951. 


R76 Ball and Roller Bearings—Methods 


1961 Edition 


of Evaluating Static Load Ratings (1958) 
—Embodied in ASA B3.11-1959. 


MIL 


Air Materiel Command, Wright-Patter- 
son AFB, Dayton, Ohio; or, Commanding 
Officer, Naval Aviation Supply Depot, 700 
Robbins Ave., Philadelphia 11, Pa. 


MIL-B-3990 Bearings, Roller, Needle, Air- 
frame, Anti-Friction—Defines needle 
bearings intended for airframe use. 
Covers dimensions, finish, lubrication 
provisions, performance, and test meth- 


ods. 


MIL-B-5687 Bearings, Sleeve; Washers, 
Thrust, Sintered, Metal-Powder, Oil- 
Impregnated. 


MIL-B-13501 (ORD) Bearings and Bush- 
ings, Brass and Bronze Machined or 
Formed. 


MIL-B-13506 (ORD) Bearings and Bush- 
ings, Steel-Backed. 


MIL-B-17380 Bearing, Roller, Thrust— 
Defines cylindrical-roller thrust bear- 
ings of any size. Required hardness, 
and procedures for sampling and test 
are given, but no dimensions or toler- 
ances. 


MIL-B-17931 (Ships) Bearings, Ball, An- 
nular, Specially Selected for Quiet Op- 
eration—Covers tests for quiet-running 
ball-bearings. Test is applied to MIL 
grade 00 standard bearings only. An- 
derometer vibration limits are given. 


MIL-B-25870 Bearings, Sintered Metal, 
Processing of. 


MIL-G-18709 Grease, Ball and Roller 
Bearing. 


MIL-G-25013 (USAF) Grease, Ball and 
Roller Bearing, Extremely High Tem- 


perature. 


MIL-G-25760 (USAF) Grease, Aircraft; 
Ball and Roller Bearing, Wide Tempera- 
ture Range. 


MIL-P-197 Preservation, Packaging, and 
Packaging of Anti-Friction Bearings, As- 
sociated Parts, and Sub-Assemblies. 


MIL-S-7420 Steel Bars and Forgings, 
Chromium High Carbon 52100A (Air- 
craft Quality)—Specifies steel for roll- 
ing-element bearings. This is a through- 
hardening steel; and is the most often 
used type. 


MIL-S-7493 Steel Alloy, Carburizing, 
A4615, A4617, and A4620 Bars—Specifies 
steel for rolling-element bearings. This 
steel is a case-hardening type. 


MIL-S-8690 Steel Bars, Chrome-Nickel- 
Molybdenum 8620 (Aircraft Quality)— 


MIL-STD-102 Anti-Friction 
Identification Code. 


Bearing 


16—STANDARDS 


MIL-STD-206 Friction Torque Testing 
for Instrument Anti-Friction Bearings. 


MIL-T-21484 Transparent Plastic Pack- 
aging of Anti-Friction Bearings. 


MS 24461 to 24461, incl. Airframe Needle 
Roller Bearings—These Military Stand- 
ards completely define the types of 
needle-roller bearings, and supplement 
MIL-B-3990. All dimensions are given. 


$9200-465839 Pulling Tool for Pulling 
Ball Bearings and Gears and for Similar 
Applications. 


T. O. 44-B-1-2 Inspection and Main- 
tenance of Installed Airframe Anti- 
Friction Bearings. 


T. O. 44-B-1-5 Maintenance Instructions, 
Anti-Friction Bearings (Precision Instru- 
ment Ball Bearings). 


T. O. 44-B-1-102 Maintenance Instruc- 
tions, Anti-Friction Bearings. 


SAE 


Society of Automotive Engineers Inc., 485 
Lexington Ave., New York 17, N. Y. 


SAE Handbook—Published annually, this 
book covers all SAE standards, recom- 
mended practices, and information re- 
ports. A few of these are listed. 


Ball and Roller Bearings—Classifies bear- 
ings, lists dimensions and _ tolerances. 
Conforms substantially to AFBMA Sec- 


tion 5. 


Ball and Roller Bearings Locknuts and 
Washers—Conforms substantially to 
AFBMA Section 8. 


Bearing and Bushing Alloys—An informa- 
tion report which covers the materials 
which can be used for main and con- 
necting rod bearings. Twenty-two al- 
loys are compared for mechanical 
characteristics and typical applications. 


Copper Base Casting Alloys—An SAE 
Standard which defines all copper-base 
casting alloys which includes many bear- 
ing alloys. Altogether, 17 alloys are 
specified. 

Sintered Metal Powder Parts—An informa- 
tion report which specifies sintered 
powder-metal materials, both iron and 
copper base. Three types are defined 
which are suitable for bearings. Each 
type is divided into two or three 
classes, according to chemical composi- 
tion. 


Sleeve Type Half Bearings—A standard 
which defines these bearings for auto- 
motive use. Dimensions for a light 
and heavy series are given, also di- 
mensions for a standard locking lug. 


Wrought Copper Base Alloys—An SAE 
Standard which defines about 23 alloys. 
Many of these can be used for bearings. 
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APPENDIX 


Glossary 








LAIN and rolling-element bearings available 
today offer an extraordinary number of types, 
sizes, and characteristics to match the wide range 
of design requirements. Almost matching this di- 
versity are the specialized terms associated with 
these products, their specification, manufacture, and 
application. This glossary is presented as an aid to 
proper specification of bearings. 
The terms presented here are intended to pertain 
only to bearings. Many of these definitions are 


applicable only to rolling-element bearings; these 
are indentified by (R). Those definitions that per- 
tain only to plain bearings are identified by (P), 
and those which could be applied to either type 
of bearing have no notation. 


Many of the definitions in this glossary are based 
on terms developed by the American Society of 
Lubrication Engineers and the Anti-Friction Bearing 
Manufacturers Association. 


A 


Abrasion—Wear in a bearing material and 
shaft caused by foreign hard particles. 
See wiping, scoring, and erosion. 


Additive—Chemical compound or com- 
pounds added to a lubricant to change 
its properties. 


Aluminum-Base Grease—A_ grease pre- 
pared from a lubricating oil and an 
aluminum soap. 


Aniline Point—Lowest 
which a petroleum product is completely 


miscible with an equal volume of fresh 


tern perature at 


ly distilled aniline. 


Axial Clearance (R)—Total movement of 
the unclamped ring axially when a speci- 
fied load is applied first in one direc- 
tion and then in the other direction. 


Back-to-Back Mounting (DB Mounting) 
(R)—Mounting arrangement in which 
two single-row ball bearings are pre- 
loaded against each other. Their con- 
tact-angle lines diverge toward the axis 
of rotation. 
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Ball Complement (R)—Number of balls 
contained in a bearing. 


Ball Groove (R)—Raceway in a_ ball 
bearing. 


Ball-Indented Surface (P)—Surface treat- 
ment of strip-type plain bearing where 
bearing surface is covered with ball- 
shaped recessions which provide small 
oil reservoirs. Sometimes, recessions are 
filled with graphite. 


Ball Pocket (R)—Internal surface of the 
cage of a ball bearing which contacts 
the periphery of the ball. 


Ball-Riding Retainer (R)—Ball cage which 
is supported concentric to inner and 
outer rings by its contact with the 
bearing balls. 


Barium-Base Grease—A grease prepared 
from lubricating oil and a barium soap. 


Bearing—A support or guide by means 
of which a moving part is positioned 
with respect to the other parts of a 
mechanism. 


Bearing Characteristic Number (P)— 
Dimensionless number which is used to 
evaluate performance of a plain bearing. 
Relates load, clearance, diameter, speed, 
and viscosity. See Sommerfeld number. 


Bleeding—The tendency of a liquid com- 
ponent to separate from a liquid-solid 
or liquid-semisolid mixture; as an oil 
from a grease. 


Block Grease—Generally, a grease of high 
dropping point which, under normal 
temperatures, is firm to the touch and 
can be handled in block or stick form. 


Block Penetration—The penetration at 77 F 
of a grease which is sufficiently hard 
to hold its shape. (ASTM Designation 
D217-52) 


Blown Oils—Fatty oils, such as rapeseed, 
whale, or various fish oils which are 
artificially thickened by blowing a cur- 
rent of air through them. 


Boundary Dimensions (R)—Bore, OD and 
width of a bearing. 


Boundary Lubrication (P)—A condition 
of lubrication in which the friction be- 
tween two surfaces in relative motion 
is determined by the properties of the 
surfaces and by the properties of the 
lubricant other than viscosity. 


Brinell (R)—Small permanent deforma- 
tion in a raceway or rolling element 
caused by a static overload. 


Cc 


Macuine Desicn—Tue Bearincs Boox 





Cage—Device which partly surrounds the 
rolling elements and travels with them, 
the main purpose of which is to space 
the rolling elements in proper relation 
to each other. Also called retainer or 
separator. 


Cartridge Bearing (R)—Sealed, grease- 
lubricated, rolling-element bearings with 
extra-wide rings. 


Centipoise—Unit of absolute viscosity. | 
centipoise equals 0.01 poise. 


Centistoke—Unit of kinematic viscosity. | 
centistoke equals 0.01 stoke. 


Centralized Lubrication—A system of lub- 
rication in which the lubricant or lub- 
ricants for the bearings of a machine or 
group of machines are supplied from a 
central location. 


Chain Lubrication—A system of lubrica- 
tion in which a continuous chain is 
used in a manner similar to an oil ring. 


Circumferential Clearance (R) — Total 
clearance between rolling elements meas- 
ured along the pitch circle of the roll- 
ing elements. 


Clearance Bearing (P)—A journal bearing 
in which the radius of the bearing sur- 
face is greater than the radius of the 
journal surface. 


Clearance Ratio (P)—Diametral clearance 
divided by journal diameter. 


Compatability (P)—Measure of the anti- 
weld or antiscoring characteristics of a 
plain bearing material when operated 
with a given mating material. 


Composite Bearing (P)—Plain bearing 
made with two or more different bear- 
ing materials for improved properties. 


Cone (R)—Inner ring and race of a taper- 
ed-roller bearing. 


Conformability (P)—Quality of a plain 
bearing material which permits it to 
adjust itself to deflections in shaft and 
bearing by wearing or wiping away 
without developing a high-temperature 
condition. See deformability. 


Contact Angle (R)—Angle between plane 
perpendicular to the axis of rotation and 
a line connecting the points of tangency 
of the rolling elements with inner and 
outer raceways. 


Contact Area (R)—Projection of the sur- 
face of contact between a rolling ele- 
ment and a raceway on a plane perpen- 
dicular to the contact angle. 


Contact Ellipse (R)—Contact area of a 
ball bearing. 


Contact Erosion—See fretting corrosion. 


Crowned Roller (R)—Roller having a 
slight curvature to its surface of revolu- 
tion to prevent roller end-loading and 
permit better stress distribution. 


1961 Edition 


Crush (P)—The press fit allowance nec- 
essary to hold two half bearings to the 
housing bore. Obtained by machining 
bearing parting-line faces to a height 
slightly above housing parting-line cen- 
terline. 


Cup (R)—Outer ring and race of a tap- 
ered-roller bearing. Also refers to the 
outer ring and race of certain needle 
bearings. 


Deformability (P)—Quality of a plain 
bearing material which permits it to 
yield to deformation under operation 
without causing failure. See conforma- 
bility. 

Detergent—In lubrication, either an ad- 
ditive or a compounded lubricant hav- 
ing the property of keeping insoluble 
matter in suspension, thus preventing 
its deposition where it would be harmful. 
A detergent may also redisperse de- 
posits already formed. 


Diametral Clearance—(R) Same as radial 
clearance. (P) Bearing bore diameter 
minus journal diameter. 


Drawn Cup (R)—Thin-shell outer ring 
and race on certain needle bearings. 


Drop-Feed Lubrication—A system of lub 
rication in which the lubricant is sup- 
plied to the bearing surfaces in the 
form of drops at regular intervals. 


Dropping Point—The temperature at 
which a grease passes from a semisolid 
to a liquid state under specified test 
conditions (ASTM Designation D 566- 
42). 


Duplexed Bearings (R)—Matched sets of 
bearings, usually preloaded. 


Dynamic Load Capacity (Radial) (R)— 
Radial load that a bearing can support 
for a rating life of one million revolu- 
tions (500 hr at 331/3 rpm) 


E 


Eccentricity (P)—Radial displacement of 
journal center from center of bore. 


Eccentricity Ratio (P)—Eccentricity di- 
vided by radiai clearance. 


Effective Spread (R)—Distance between 
the intersection of the contact-angle 
lines and the axis of rotation of opposed 
mounted bearings. Used in accurate 
bearing load calculations for opposed 
bearing mounting. 


Elliptical Bearing (P)—Plain bearing 
which has an approximately elliptical 
bore formed from two sections of a 
cylinder. More stable, regarding oil whip 
in high-speed bearings, than cylindrical 
bearing. 


Embeddability (P)—Measure of the ability 
of a plain bearing material to absorb 
dirt and grit particles. 


End Cap—Retaining device to hold a 
bearing in a housing and, frequently, 
form a lubricant retaining chamber. 


End Play (R)—See axial clearance. 


Envelope Dimensions—Same as boundary 
dimensions. 


Equivalent Radial Load (R)—Calcu- 
lated pure radial load which would 
have the same effect on bearing life 
as a given combination of radial and 
thrust load. 


Erosion (P)—Mechanical washing away 
of the surface of a plain bearing ma- 
terial by the oil stream between 
journal and bearing. See wiping, 
scoring, and abrasion. 


Externally Self-Aligning Bearing (R)— 
Bearing having a spherical OD on the 
outer ring to permit alignment of the 
entire bearing assembly relative to 
a mating spherical surface. 


Extreme-Pressure Lubricant — Lubricant 
compounded with certain additives to 
increase its load-carrying ability. 


F 


Face Offset (R)—Predetermined stickout 
of an inner-ring face to the adjacent 
outer-ring face or vice versa. Used to 
create a predetermined preload between 
two bearings when they are clamped 
together. 


Face-to-Face Mounting (DB mounting) 
(R)—Mounting in which two single- 
row ball bearings are preloaded against 
each other. Their contact angle lines 
converge toward the axis of rotation. 


Fatigue Failure—Spalling of surface metal 
caused by repeated stresses under load. 
See spalling. 


Fatty Oil—Fluid composed of fats de- 
rived from animal, marine or vegetable 
origin. It may contain additives. 


Fiber Grease—Grease having a dis- 
tinctly fibrous structure which is notice- 
able when a sample of the grease is 
pulled apart. Greases having this 
fibrous structure tend to resist being 
thrown off gears and out of bearings. 


Filler—Any substance such as talc, mica 
or various powders, which is added to 
a grease to increase its weight or con- 
sistency. 


Filling Slot (R)—(Also called filling 
notch or loading groove)—Semicircular 
notch on side of inner and outer ring 
to permit assembly of additional roll- 
ing elements into a_ bearing. 
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Fitted Bearing (P)—A partial 
bearing in which the radius of the bear- 


journal 


ing surface is the same as the radius 
of the journal surface. 


Fixed Bearing (R)—Bearing clamped in 
a housing so that the shaft cannot move 
axially It locates the shaft and re 
sists thrust in either direction. 


Fixed-Pad Bearing (P)—An axial or 
radial bearing equipped with fixed pads 
(or lands), the surface of the lands 
wing so contoured as to promote the 
establishment of a hydrodynamic film. 


Flaking (R)—See spalling. 


Flexure—A type of bearing for limited 
movement in which the moving parts 
are guided by the flexure of elastic 
members rather than by rolling or 


sliding surfaces. 


Floating Bearing—Bearing which is 
free to move axially with respect to 


either housing or shaft 


Floating Sleeve Bearing (P)—A bearing 
where one or more sleeves are inter- 
posed between the <tationary bearing 

and the rotating shaft. The floating 

sleeve is free to turn and, at ideal 
rotates alt 


conditions, speeds inter 


mediate between those of the shaft 


and bearing 
Fluting—See Washboarc 


Force-Feed Lubrication—-A system of lu- 
brication in which the lubricant is 


supplied to the bearing under pressure. 


Fretting—Wear phenomena taking place 
between two surfaces having oscillatory 


relative motion of smal] amplitude. 


Fretting Corrosion—Corrosion at the in- 
terface between two contacting surfaces, 
accelerated by vibration and rubbing 

between the two sufficient to produce 

localized deformation. Sometimes called 


contact erosion or friction oxidation. 


Full-Film (P)—Continuous 


film of lubricant separates the journal 


Lubrication 
from the bearing. In general, there are 
two kinds: Hydrodynamic, where a 
wedge-shaped oil film pressurizes itself; 
and hydrostatic, where an _ external 
source of pressure supplies the pressure 
forces necessary to separate the shaft 


and bearing 


G 


Galling (P)—The damaging of one or 
both metallic surfaces of a bearing and 
journal by removal of particles from 
localized areas during sliding friction 
See spalling, and scoring 


Graphite—A 
bon having a laminar structure. 
be of natural or synthetic origin 


crystalline form of car- 
It may 
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Graphited Surface (P)—Plain bearing 
surface that has been indented and 
filled with graphite. 


Grease—A lubricant composed of an oil 
or oils thickened with a soap, soaps or 
other thickener to a semisolid or solid 
consistency. 


Grooves (P)—Recesses in the bearing sur- 
face of a plain bearing which act as 
distribution channels for the lubricant. 


H 


Half-Frequency Whirl—Vibation phenom- 
enon which occurs in high-speed, low- 
load plain bearings. The shaft center 
rotates around the bearing center at a 
frequency equal to, or less than 4 

the rotational speed of this shaft. Al- 

though not thoroughly understood, it 
can be explained by considering 1 wedge 
of oil traveling around the bearing at 

average velocity of the oil, or at a 

speed equal to half the surface speed 

of the shaft. 


Housing Seat—Bore of the housing into 
which the bearing is mounted. 


Hydrodynamic Lubrication (P)—A system 
of lubrication in which the shape and 
relative motion of the sliding surfaces 
cause the formation of a fluid film 
having sufficient pressure to separate 
the surfaces. 


Hydrostatic Lubrication (P)—A system of 
lubrication in which the lubricant is 
supplied under sufficient external pres- 
sure to separate the opposing surfaces 
by a fluid film. 


Inch-Series Bearing (R)—A bearing hav- 
ing boundary dimensions in integral or 
fractional inch figures, rather than 


metric figures. 


Inhibitor—Substance which slows or pre- 
vents chemical reactions such as cor- 
rosion or oxidation. 


Instrument Bearing (R)—Precision bear- 
ing specifically designed for applica- 
tion in instruments or miniaturized 

mechanisms but which has envelope 

dimensions exceeding limits established 


for miniature bearings. 


Integral Bearing (P)—A plain bearing 
surface incorporated into another com- 
ponent. (R) a rolling-element bearing 
with one or both races incorporated into 
other component (s). 


Internal Clearance (R)—See radial clear- 
ance. 


Internally Self-Aligning Bearing (R)— 
Bearing in which the curvature of one 
raceway is swung about a point on the 


axis of rotation so that alignment may 
take place on the rolling elements. 


Isoelastic Mounting (R)—Bearing mount- 
ing having the same yield rate for any 
direction of load. Particularly desir- 
able in gyroscope applications. 


J 


Journal—That part of a shaft or axle 
which rotates or angularly oscillates in 
or against a bearing or about which 
a bearing rotates or angularly oscil- 
lates. 


Journal Bearing (P)—A _ sliding-type 
radial bearing having either rotating 
or oscillatory motion and in conjunc- 
tion with which a journal operates. In 
a full journal bearing, the bearing 
surface is 360 deg in extent. In a par- 
tial bearing, the bearing surface is less 
than 360 deg in extent, ie, 150 deg, 
120 deg, etc. 


Journal Roller Bearing (R)—A rolling- 
element bearing where the journal of 
the shaft acts as an inner race. 


Lands (R)—Ground cylindrical surfaces 
of a bearing extending from the race- 
way shoulder to the bearing faces. 


Land-Riding Retainer (R)—Cage or re- 
tainer which is supported and main- 
tained concentric with the axis of ro- 
tation by sliding contact against the 
lands of either the inner or outer ring. 


Length-Diameter Ratio (P)—Ratio .° a 
plain bearing’s length to its diameter. 


Life Factor (R)—Modifying factor by 
which the dynamic load rating is con- 
verted to a basis of rating life other 
than one million revolutions. 

Lime-Base Grease—A grease prepared 
from a lubricating oil and a lime soap. 


Limiting Radial Load—See static load 
rating. 


Limiting Speed—Maximum speed at which 
a given catalogued bearing may be safely 
operated, with proper lubrication. 


Linear-Motion Bearing—Bearing designed 
to accommodate axial translation rela- 
tive to the shaft. 


Lithium-Base Grease—A grease prepared 
from lubricating oil and a lithium soap. 


Load Track (R)—Dull mat-finished track 
around the periphery of a raceway 
which indicates the path of the rolling 
elements around the raceway during 
service. 


Loading Groove—See filling slot. 
Lubricant—Any substance interposed be- 
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tween two surfaces in relative motion 
for the purpose of reducing the friction 
and/or the wear between them. 


M 


Magneto Bearing (R)—Separable single- 
row ball bearing of radial or low-con- 
tact-angle type. 


Maximum Type Bearing (R)—Ball bear- 
ing having a filling notch (or one coun- 
terbored raceway shoulder) to permit as- 
sembly of a greater number of balls 
than possible with Conrad construction. 


Miniature Bearing (R)—Bearing having 
an OD of less than % in., or having 
an OD of '% in. or less and an OD-to- 
bore ratio of less than 2. 


Minimum Life (R)—See rating life. 


Mixed-Film Lubrication (P)—Condition 
between hydrodynamic lubrication and 
boundary lubrication. Part of the total 
load carried by the bearing is being 
supported by individual load-carrying 
pools of self-pressurized lubricant and 
the remaining part by the very thin 
film associated with boundary lubrica- 
tion. 


N 


Needle Bearing (R)—A bearing containing 
rolling elements which are relatively 
long compared to their diameter. 


Neutral Oils—Lubricating oils of low or 
medium viscosity obtained in petroleum 
distillation and prepared without chem- 
ical treatment. They derive their name 
from the fact that they have not been 
treated with either an acid or an alkali, 
but have been purified by simple fil- 


tration. 


Newt—Standard unit of kinematic viscosity 
in the English system, expressed in in.*/ 


Newton—One-millionth of a reyn. See 
reyn. 


Nonseparable Bearing (R)—Bearing from 
which neither inner nor outer ring may 
be disassembled except by destructive 
means. 


Nonsoap Grease—A product similar to 
grease in appearance and consistency 
but containing only heavy residual 
stocks and mineral oil. 


Nutcracker Bearing (P)—Plain bearing 
made up of two cylindrical half-bear- 
ings. Lower half fixed permanently in 
housing; upper half is free to move 
and is forced downward by a hydraulic 
cylinder. This application of external 
pressure will prevent oil whip. 
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Oil—A greasy unctuous liquid of vegetable, 
animal, mineral or synthetic origin. 


Oiliness—That property of a lubricant 
which produces low friction under con- 
ditions of boundary lubrication. The 
lower the friction the greater the oili- 
ness. 


Oil Ring (P)—A loose ring, the inner 
surface of which rides a shaft or jour- 
nal, causing the rings to rotate. The 
ring dips into a reservoir of lubricant 
from which it carries lubricant to the 
top of the shaft for distribution to 
a bearing. 


Oil Whip—See half-frequency whirl. 
Osculation (R)—Degree of conformity be- 


tween two surfaces in contact. 


Overshot Bearing (P)—Plain bearing made 
with wide circumferential groove in 
upper half of bearing. Groove reduces 
bearing power loss by carrying oil over 
top half. 


Overturning Moment—Torque applied 
around an axis perpendicular to the 
plane containing the radial and thrust 
load vectors. 


P 


Pad Lubrication (P)—A system of lubrica- 
tion in which the lubricant is delivered 
to a bearing surface by a pad of felt or 
similar material. 


Partial Bearing (P)—Slider-type bearing 
which does not completely enclose the 
journal. 


Penetration or Penetration Number—The 
depth, in tenths of a millimeter, that a 
standard cone penetrates a semisolid 
sample under specified conditions. 
ASTM designation D 217-52. See 
worked penetration. 


Penetrometer—An instrument for measur- 
ing the penetration of semisolid sub- 
stances. 


Pitch-Circle Diameter (R)—Diameter of 
the circle joining the centers of the roll- 
ing elements of a bearing. 


Pivot Bearing—An axial-load, radial-load 
type bearing which supports the end of 
a shaft or pivot as on the balance wheel 
of a watch. 


Pivoted-Pad Bearing (P)—An axial or ra- 
dial load type bearing in which the 
bearing surface consists of one or more 
pads or shoes which are pivoted to per- 
mit them to tip and thus promote the 
establishment of a hydrodynamic film. 


Plain Bearing (P)—A bearing whose oper- 
ation depends on sliding motion between 
Also called a_ sliding 


two surfaces. 
bearing. 
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Pocket Thrust Bearing (P)—Slider-type 
thrust bearing consisting of flat plate 
with recessed areas, or pockets. 


Poise—Standard unit for absolute viscosity 
in the c.g.s. system, expressed in dyne- 
sec/cm?. See absolute viscosity, reyn. 


Porous Bearing (P)—A bearing made from 
porous material, such as compressed 
metal powders, the pores acting either 
as reservoirs for holding, or passages 
for supplying, lubricant. 


Pour Point—Lowest temperature at which 
a liquid will flow under specific condi- 
tions. (ASTM Designation D 91-52) 

Precipitation Number—Number of milli- 
liters of solid matter precipitated in a 
mixture of oil and petroleum solvent 
under specified conditions. (ASTM Des- 
ignation D 91-52) 


Preload (R)—Self-contained thrust load 
established between two bearings on the 
same shaft. 


Projected Area (P)—Diameter times length 
of the radial bearing area. 


Radial Bearing—A bearing primarily de- 
signed to support load perpendicular to 
shaft axis. 


Radial Clearance—(R) Total movement 
of the unclamped ring diametrically 
when a specified load is applied first in 
one direction and then in the other 
direction. (P) Bearing bore radius 
minus journal radius. 


Radial Load—Load acting in a plane per- 
pendicular to the axis of rotation. 


Radial Runout (R)—The total radial 
movement of a point on the stationary 
outer ring when the inner ring is rotated 
one complete concentric revolution. 


Rating Life (R)—Number of revolutions 
(or hours at a given constant speed) 
that 90 per cent of a group of apparent- 
ly identical bearings will complete or 
exceed before the first evidence of fa- 
tigue develops. Same as B-10 life or 
minimum life. 


Retainer—See cage. 


Reyn—Standard unit of absolute viscosity 
in the English system, expressed in Ib- 
sec/in.?. Equal to 68,950 poises. See 
absolute viscosity, poise. 


Rib (R)—Shoulder directly adjacent to a 
raceway which guides the rollers of a 
roller bearing in their desired path. In 
some cases ribs are used in cylindrical 
roller bearings to resist light thrust loads. 


Ring Lubrication (P)—A system of lubri- 
cation in which the lubricant is sup- 
plied to the bearing by an oil ring. 
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DESIGN DATA 
Ring-Oiled Bearing—Bearing lubricated by 


oil ring. 


Rolling-Eiement Bearing (R)—A bearing 
whose operation depends on the rolling 
motion of balls or rollers. Also canned 
on antifriction bearing. 


Rotation Factor (R)—A radial load modi- 
fying factor used when the direction of 
applied load does not rotate with respect 
to the inner ring. 


Ss 


Saybolt Furol Viscosity—The time in sec- 
onds required for 60 cubic centimeters 
of a fluid to flow through the orifice of 
a Saybolt Furol Viscometer at a given 
temperature under specified conditions. 
(ASTM Designation D 88-56.) The 
orifice of the furol viscometer is larger 
than that of the universal viscometer, 
and is used for more viscous fluids. 


Saybolt Universal Viscosity (SUV) or Say- 
bolt Universal Seconds (SUS or SSU)— 
The time in seconds required for 60 cu 
cm of a fluid to flow through the orifice 
of the Standard Saybolt Universal Vis- 
cometer at a given temperature under 
specified conditions (ASTM Designa- 
tion D 88-56.) 


Scoring—Scratching of a bearing surface 
caused by relatively hard particles. See 
abrasion. 


Seal—A device which prevents or controls 
escape of a fluid or entry of foreign 


material. 


Seizure—Bearing failure, usually preceded 
by some other type of failure, where the 
torque available in the machine is less 
than the torque resistance of the dam- 
aged bearing. 


Self-Aligning—Built-in compensation for 
shaft or housing deflection or misalign- 


ment. 


Separable (R)—A bearing which may be 
separated completely or partially into 
its components and readily reassembled. 


Separator—See cage. 


Shield (R)—An annular metal plate sta- 
tionary with respect to one bearing 
ring which forms a small running 

clearance with the other bearing ring. 

Used to retain lubricant and prevent 

entrance of dirt under moderate condi 


tions 


Shoe Type Bearing (P)—A pivoted-pad 
bearing of either radial-load or axial 
load type. 


Sleeve Bearing (P)—A plain bearing con 
sisting of a band or sleeve that encloses 


and supports a moving member 


Slushing Oil—An oil or grease-like mate 
rial used on metals to form a temporary 
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protective coating against rust, corrosion, 
etc. 


Smearing (R)—Special kind of seizing in 
its early state, pecular to rolling-element 
bearings. Caused by elements which 
slide in race instead of rolling. 


Soap—A compound formed by the reaction 
of a fatty acid with an alkali. 


Soda-Base Grease—A grease prepared from 
lubricating oil and a sodium soap. 


Sommerfeld Number — A dimensionless 
number characteristic of journal bearing 
performance. It relates viscosity, speed, 
load, and clearance to shaft eccentricity. 


Spalling—The cracking and flaking off of 
metal particles from a surface. Usually 
caused by fatigue. See galling, wiping. 


Sperm Oil—A pale-yellow oil obtained 
from the head cavities and blubber of 
the sperm whale. 


Spindle Oil—A light-bodied oil used prin- 
cipally for lubricating spindles and light, 
high speed machinery. 


Sponge Grease—A soda-base grease differ- 
ing from the smooth, buttery soda-base 
greases in that it is more fibrous and 
sponge-like in structure. 


Spring-Supported Flexible-Plate Thrust 
Bearing (P)—One of the largest slider 
types of thrust bearing. The thrust 
lands are made of spring-supported 
plates. 


Squeeze-Film Lubrication (P) — The 
squeeze-film principle applies to plain 
bearings which operate under recipro- 
cating loads. As the load reverses, there 
is an opportunity for oil to be replen- 
ished in the clearance space between 
repeated applications of the load. Dur- 
ing applications of the load there is not 
enough time for the oil to be completely 
squeezed out from between the bearing 
and the journal. 


Stand Out (R)—Distance the back face of 
the cone of a tapered roller bearing 
extends beyond the cup face. 


Static Load Rating (R)—A load which, if 
exceeded on a nonrotating bearing, pro- 
duces a total permanent deformation of 
rolling element and race at the most 
heavily stressed contact of 0.0001 of the 
ball or roller diameter. 


Step Thrust Bearing (P)—A thrust bear- 
ing with dams or steps which create 
hydrodynamic action. 


Stoke—Standard unit of kinematic viscosity 
in the c.g.s. system, expressed in cm?/ 
sec. 


Synthetic Lubricant—A lubricant produced 
by synthesis rather than by extraction 
or refinement. 


T 


Tandem Mounting (DT) (R)—Mounting 
of two or more matched ball bearings 
so that they will share the applied 
thrust load. 


Tapered Pad (Land) Bearing (P)—A fixed 
pad (land) bearing in which the sur- 
faces of the pads are tapered so as to 
promote the establishment of a hydro- 
dynamic film. 


Thrust Bearing—A bearing primarily ir- 
tended to carry thrust loads. 


Thrust Load—An applied load acting 
along the axis of rotation. 


U 


Unctuous—Having a greasy, oily, or soapy 
feel when rubbed or touched by the 
fingers. 


Unground Bearing (R) — Rolling-element 
bearing with raceways which are not 
ground. 


Unworked Penetration—The penetration 
at 77 F of a sample of grease which 
has received only the minimum han- 
dling in transfer to the test apparatus 
and which has not been subjected to 
the action of a grease worker. (ASTM 
Designation D 217-52.) 


Vv 


Viscous—Possessing viscosity. Frequently 


used to imply high viscosity. 


Viscosity, Absolute—That property of a 
fluid, semifluid or semisolid substance 
which causes it to resist flow. It is de- 
fined as the shear stress on a fluid ele- 
ment divided by the rate of shear. The 
standard unit of absolute viscosity in the 
English system is the reyn which has 
the units of Ib-sec/in?. The standard 
unit of absolute viscosity in the c.g.s 
system is the poise which has the units 
of dyne-sec/cm*. See reyn, poise, kine- 
matic viscosity. 


Viscosity Index (V.I1.)—A commonly used 
measure of a fluid’s change of viscosity 


with temperature. The higher the vis- 
cosity index the smaller the relative 
change in viscosity with temperature. 


Viscosity, Kinematic—Ratio of absolute 
viscosity to the specific gravity of a 
fluid. The standard unit of kinematic 
viscosity in the c.g.s. system is the stoke, 
which has the units of cm?/sec. The 
standard unit of kinematic viscosity in 
the English system is the newt, which 
has the units of in.?/sec. Kinematic 
viscosity in stokes, multiplied by specific 
gravity at the test temperature, equals 
absolute viscosity in poises. 


Macuine Desicn—Tue Frarincs Boox 





Use this card... 


1961 Bearings Book [ er em et 
g The Bearings Book 


Circle the numbers listed of the bottom of the odvertisements 
8-181 8-201 8-221 
Sat ail uae “THE BEARINGS BOOK” 
B-183 8-203 8-223 
8-164 8-204 8-224 $2.00 per copy 
B-185 B-205 8-225 A 
B-186 8-206 8-226 
B-187 68-207 68-227 
8 
8 





Enclose remittonce or Compony Purchase Order) 








CARD INVALID WITHOUT COMPANY NAME—TYPE OR PRINT 


188 8-208 8-228 

189 8-209 8-229 

B-19¢ 210 230 
B-231 ’ TITLE 

8-232 


o 


NAME 


ovr ereeeewrseeseFse 


oo o 


COMPANY 


°° o 


PRODUCT MANUFACTURED 


od 


ADDRESS 
CITY 


STATE 


Use this card 


further information on products odvertised in 


The Bearings Book 


e the numbers listed ot the bottom of the odvertisements 





8-222 


203 8-223 B- No. Copies “THE BEARINGS BOOK™ 
204 8-224 B- $2.00 per copy 


pander Enclose remittonce or Compony Purchose Order) 
206 8-226 
207 8-227 
208 68-228 
-209 8-229 . NAME 
210 8-230 








CARD INVALID WITHOUT COMPANY WAME—TYPE OR PRINT 


B 
B- 
8 
B 
e 
6.) 
B- 
J 
8 
B- 


211 B-231 TITLE 


-212 8-232 
-213 8-233 
me San © PRODUCT MANUFACTURED 
-215 8-235 

-216 8-236 8-256 ADDRESS 

-217 6-237 68-257 

-218 8-238 8-258 city 

219 68-239 68-259 

-220 8-240 6-260 


COMPANY 


eeweeFee#ee?sFse?#s ee @& 
eeeeFervPFTreev#Fee#sees#s =F 


STATE 


Use this card . 


for further informotion on products odvertised in 


The Bearings Book 

numbers listed ot the bottom of the odvertisements 
-201 8-221 
-202 8-222 
-203 8-223 
-204 8-224 
-205 8-225 
-206 6-226 
-207 6- 
-208 B- CARD INVALID WITHOUT COMPANY NAME—TYPE OR PRINT 





“THE BEARINGS BOOK” 
$2.00 per copy 


remittonce or Compony Purchase Order) 





ere eeePereweesese 
oer eerseeesee 


NAME 


2 


TITLE 


COMPANY 


PRODUCT MANUFACTURED 


ADDRESS 


CITY 








FIRST CLASS 
Permit No. 36 
CLEVELAND, OHIO 











No Postoge Stomp Necessary if Mailed in the United Sictes 


jsusiness REPLY MAIL 








—POSTAGE WILL BE PAID BY— 


MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 


Reader's Service Dept. 





FIRST CLASS 
Permit No. 36 
CLEVELAND, OHIO 











No Postoge Stamp Necessary if Mailed in the United Stotes 


jeusiness REPLY MAIL 








—POSTAGE WILL BE PAID BY— 


MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 


Reoder's Service Dept. 





FIRST CLASS 
Permit No. 36 
CLEVELAND, OHIO 








BUSINESS REPLY MAIL 


No Postage Stamp Necessary if Moiled in the United States 











— POSTAGE WILL BE PAID BY— 


MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 








s- 
8.2 
B- 
8-2 
& 

6 

8 

8 
B- 


? fF fe ef Fe Fees fe 


oo 
~ 


eeeefeeFeFeFeeFe#segeP#Eee FP 


eereereeereeee ese 


8-141 
8-142 
8-143 
8-144 
B-145 
8-146 
8-147 
8-148 
8-149 
8-150 
8-151 
B-152 
8-153 
B-154 
8-155 
B-156 
8-157 
8-158 
8 
4 


er ereeePwerweeees@e 


eeeerePreeee es 


8-20) 
8-202 
8-203 
8-204 
8-205 
B-206 
8-207 
8-208 
8-209 
8-210 
8-211 
8-212 
8-213 
8-214 
8-215 
8-216 
8-217 
8-218 
8-219 
8-220 


Use this card... 


for further information on products advertised in 


The Bearings Book 


Circle the numbers listed ot the bottom of the advertisements 





No. Copies “THE BEARINGS BOOK” 
$2.00 per copy 


(Enclose remittance of Company Purchase Order} 








NAME 


TITLE 


COMPANY _ 
PRODUCT MANUFACTURED 
ADDRESS 
cy 


STATE 





Use this card... 


for further information on products advertised in 


The Bearings Book 


Circle the numbers listed at the bottom of the odvertisements 





No. Copies “THE BEARINGS BOOK” 
$2.00 per copy 


(Enclose remittance or Compony Purchase Order} 
‘ 








CARD INVALID WITHOUT COMPANY NAME—TYPE OR PRINT 
NAME 
Li 
COMPANY 
PRODUCT MANUFACTURED 
ADDRESS 


a 


Use this card... 


for further information on products odvertised in 


The Bearings Book 


Circle the numbers listed at the bottom of the advertisement 





No. Copies “THE BEARINGS BOOK” 
$2.00 per copy 


(Enclose remittance of Company Purchase Order] 











CARD INVALID WITHOUT COMPANY NAME—TYPE OR PRINT 
NAME 
a 
COMPANY __ 
PROOUCT MANUFACTURED 
ADDRESS 
1 a 


STATE 











BUSINESS REPLY MAIL | 


— POSTAGE WILL BE PAID BY— 


MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 


Reader's Serv 





BUSINESS REPLY 


oge Stomp Necessary 


MAIL 


e Vv ec 





—POSTAGE WILL BE PAID BY— 


MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 


Reader's Service Dep? 





| BUSINESS REPLY MAIL 


No Postoge Stomp Necessory # Mailed in the United Stotes 








—POSTAGE WILL BE PAID BY— 


MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 





FIRST CLASS 
Permit No. 36 
CLEVELAND, OHIO 








| FIRST CLASS 
| Permit No. 36 
CLEVELAND, OHIO 








FIRST CLASS | 
Permit No. 36 
CLEVELAND, OHIO 








1961 Edition 


DESIGN 
The Bearings Book 


Product Directory 


earings presented in this Product Directory are classified as shown in the 
Contents. Each classification is subdivided to include the various con- 
figurations available for a given bearing type. The basic bearing types in 
the classification are each covered by a separate description and illustration. 
Since dimensional standards have been established for the majority of rolling 
element bearings, size ranges supplied by the manufacturer are listed. In cases 
where several materials or constructions are available for a particular bearing 
type, the manufacturers listed are coded accordingly. 


1—Ball Bearings . 
2—Roller and Needle Bearings 
3—Plain Bearings . . 


4—Bearing Materials and Parts 





SECTION 


Ball Bearings 





ALL bearings usually consist of four principal parts: An inner ring or 
race, an outer ring or race, a ball complement, and a ball separator 


or retainer. 


Because ball bearings operate on the point-contact principle of 


loading, they are normally used in lightly and moderately loaded applica- 


tions. 


For a given set of envelope dimensions and for a given degree of pre- 
cision, ball bearings are generally less expensive than roller types. Also, 
they usually require less precision in mounting and alignment than roller 


bearings. 


Major types of ball bearings included in this listing are radial, angular 


contact or radial thrust, and thrust and pivot. 


Other ball-bearing types 


included are linear-motion, ball splines, four-point contact, shear-ball, pillow 
blocks, flange units, cartridge units, and take-up units. 


Radial 


Radial ball bearings are primarily de- 
signed to take pure radial loads. How- 
ever, some radial types can assume thrust 
loads of significant magnitude from either 
direction. This section covers single and 
double-row types, ground and unground, 
and self-aligning bearings. 

A letter code and bearing-bore dimen- 
sions (where available) follow each com- 
pany listing to designate bearing type and 
size. Capital letters denote that the bear- 
ing is a standard item; lower-case letters 
indicate that it is a special item. 


Single Row 


— 
Bc. Bic {( t )I 


Nonfilling-slot assembly (A,a) 


== 
BL, BIL (@) 
& 


Filling-slot assembly (B,b) 
a me 


iol 
ee 
Fractured or two-piece races (C,c) 
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BH, BIH 


Self-contained, counterbored 
assembly (D,d) 


ou ( 


Separable assembly (E,e) 


Acme Ball Bearing & Mfg. Co., 12245 


Turner Ave., Detroit 4, Mich. 


a, bc 


American Ball ea Co., 70 Flushing 


Ave., Brooklyn 5 
A, 10-45 mm 


American Koyo Corp., 60 Broad St. 
Seattle, Wash. 
A, 4-200 mm, 0.125-8.000 in. 
b, _ mm 


c 
E, 3-30 mm 


Ann Arbor Bearing & Mfg. 
Wildt St., Ann Arbor, Mich. 
a, 1-15 in. 

b, 1-15 in. 
d, 1-15 in. 


The Barden Corp., 200 Park Ave., Dan- 
bury, Conn. 
A, a, 1.1906-45 mm, 0.0469-1.7717 in. 
C, c, 2.381-45 mm, 0.0937-1.7717 in. 
E, e, 3-13 mm 


(See Ad, Page 156) 
1974 Broadway, New 


Co. 815 


Dale Bearings 
York 23, 
A, 0.250-0. S00 in. 





a a vy 4650 Baum Blvd., 
—_ B, 
a, 55- mm, 2.25-16 in. 


b, 55-300 mm, 2.25-16 in. 
c, 6-12 in., 55-300 mm 
d, 2.25-16 in. 


deGroh a Co., 467 W. 3ist St. 
Chicago 16, Ill. 
a, b, c, d,e 


The Fafnir Bearing Co., 37 Booth St., 
New Britain, Conn. 
A, a, 4-170 mm, 0.0937-1.2500 in. 
B, b, 10-280 mm, 0.1875-1.125 in. 
D, d, 4-150 mm, 0.125-1.2500 in. 


(See Ad, Page 162) 


The Federal Bearings Co. Inc., W. Broad- 
way, Poughkeepsie, N. Y. 
A, 4-130 mm, 0.125-10 in. 
B, 20-110 mm, 0.125-1.50 in. 
E, 5-25 mm 


Federal-Mogu!-Bower Bearings Inc., Micro- 
tech Div., 1201 N. Arden Drive, El 
Monte, Calif. 

A, 0.0469-0.2500 in. 
B, 0.0469-0.2500 in. 


Federal-Mogul-Bower Bearings Inc., Bear- 
ings Co. of America Div., 501 Harris- 
burg Ave., Lancaster, Pa. 

A, 17-110 mm 
B, 25-100 mm 


(See Ad, Page 157) 


General Precision Inc., Kearfott Div., 195 
E. Railway Ave., Paterson, N. J. 
a, 0.125-4 in. 
e, 0.125-4 in. 


The Green Ball Bearing Co., 9518 Cas- 
sius Ave., Cleveland 5, Ohio 
A, a, 10-35 mm 


Hoover Ball & Bearing Co., 5440 S. State 
Rd., Ann Arbor, Mich. 
A, 4-110 mm, 0.125-1.5 in. 
B, 25-110 mm 


(See Ad, Page 167) 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

b, 0.25-50 in. 
d, 0.25-50 in. 
e, 0.25-50 in. 


International Harvester Co., 7 South 600 
County Line Rd., Hinsdale, Il. 
A, a, 10-150 mm 
B, b, 20-85 mm 
E, 15 mm 


Joy Ball Bearing Corp., 4538 W. Fulton 
St., Chicago 24, Ill. 
A, a, 17-320 mm, 0.675-12.5 in. 
B, b, 17-320 mm, 0.675-12.5 in. 
c, 17-220 mm, 0.675-12.5 in. 
D, d, 17-320 mm, 0.675-12.5 in. 


The Kaydon Engineering Corp., 
gon, Mich. 
A, a, 100-5000 mm, 4-178 in. 
B, b, 100-5000 mm, 4-178 in. 
C, c, 100-5000 mm, 4-178 in. 


(See Ad, Page 164) 
L & S Bearing Co., P. O. Box 995, Okla- 


homa City 1, Okla. 
A, 17-40 mm 


Landis & Gyr Inc., 
York, N. Y. 
A, a, 1-8 mm 


(See Ad, Page 151) 


45 W. 45th, New 
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Marlin-Rockwell Corp. 402 Chandler St. 
Jamestown, N. Y 
A, 0.0937 in.- ‘200. mm 
B, 10-130 mm 
c, 55-175 mm 
D, 0.125 in.-320 mm 


(See Ad, Page 152) 


McGill Mfg. Co., 909 N. Lafayette, Val- 
paraiso, In 
a, 10-250 mm 
b, 10-250 mm 
c, 10-250 mm 
d, 10-250 mm 


Messinger Beari Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 
a, 2.5-150 in 
b, 2.5-150 in. 
d, 2.5-150 in. 


Miniature Precision Bearings Inc., Pre- 
cision Park, Keene, N. H. 
A, 0.0469-0.3125 in. 
B, 0.0250-0.3125 in. 
D, 0.0781-0.2500 in. 
E, 0.0781-0.2500 in. 


(See Ad, Page 159) 
Mono Race Div., Thew Shovel Co., 
Lorain, Ohio 
c, 12-168 in. 


(See Ad, Page 160) 
New Departure Div., General Motors 
Corp., Bristol, Conn. 
A, 1.19-190 mm 
B, 20-140 mm 
d, 10-150 mm 
E, 4-20 mm 

(See Ad, Page 154) 


New Hampshire Ball Bearings Inc., Peter- 
borough 1, N. H 
A, 0.0400-0. 7500 | in. 
B, 0.0250-0.3125 in. 
D, 0.0400-0.7500 in. 
e, 0.0550-0.3125 in. 


(See Ad, Page 161) 


Nice Ball Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa. 
A, a, 0.1875-1.375 in. 


(See Ad, Page 163) 


Norma-Hoffmann Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 
A, 3-1060 mm, 0.125-21 in. 
B, 30-110 mm 
E, 3-80 mm 


Raway Bearing Co., 
New York 2, N. Y. 
A, 0.0469-2.0 in. 
B, b, 5-17 mm 


SKF Industries Inc., Reed Instrument Bear- 
ing Div., 4241 Redwood Ave. Los 
Angeles 66, Calif. 

A, a, 0.0469-0.2500 in. 


SKF Industries Inc., Front St. & Erie 
ig P. O. Box 6731, Philadelphia 32, 
a. 


141 M Chrysite St., 


(See Ad, Page 165) 


The Schatz Mfg. Co., W. Broadway, 
Poughkeepsie, N. Y. 
A, 0.1875-1.125 in. 


Split Ball Bearing Div., Miniature Pre- 
cision Bearings Inc., Highway 4, Leba- 
non, N. H. 

A, a, 10-50 mm 
C, c, 10-50 mm 
(See Ad, Page 149) 


1961 Edition 


Stephens-Adamson Mfg. Co., Sealmaster 
iv., Ridgeway Ave., Aurora, Ill. 


(See Ad, Page 155) 
The ae ae P. O. Box 118, Tor- 


Aa, 100 mm-i850 in. 
D, d, 100 mm-155.0 in. 


Single Row, Unground 





Split outer or inner ring, two or 
three-point contact (A,a) 


-o 


Solid rings, nonfilling-slot assembly (B,b) 


Acme Ball Bearing & Mfg. Co., 12245 
Turner Ave., Detroit 4, Mich. 
a, 

Federal-Mogul-Bower Bearings Inc., Bear- 
ings Co. of America Div., 501 Harris- 
burg Ave., Lancaster, Pa. 


(See Ad, Page 157) 


Freeway Washer & Stamping Co., P. O. 
Box 1756, Cleveland 5, Ohio 
A, a, 0.625-2.0 in. 


C. L. Frost & Son, 345 Summer N. W., 
Grand Rapids, Mich. 
a, 0.062-2, in. 

General Bearing Co. Inc., P. O. Box 455, 
West Nyack, N. Y. 
A, a, B, b 


Hartford Steel Ball Co., 12 Jefferson Ave., 
Drawer Q, Station A, Hartford 6, 


Conn. 
A, a, 0.09375-0.5 in. 
B, b, 0.09375-0.5 in. 
(See Ad, Page 166) 


Indus Corp., Special Machinery Div., 1815 
Madison Ave., Indianapolis 25, Ind. 
A, 0.25-0.75 in. 


Kendale Washer i rv ee 
Sweeney Ave., Glecand 2, O 
A, a, 0.250-2.0 in. 


Mathews Conveyer Co., Drawer 191, Ell- 
wood 


City, Pa. 
A, 0:3125-1°50 in. hex. 


Nice Ball Beari E sohis 30th & Hunting 
Park Ave., oh hia 40, Pa. 
A, a, Aitisan tw ~w 

B, : 0.1875-1.375 in. 


(See Ad, Page 163) 
Roberts Mfg. Inc., 1020 W. Elm, Salina, 


Kans. 
a, 0.625-1.50 in. 
(See Ad, Page 150) 


The Schatz hg oe W. Broadway, 
Poughkeepsi , 
A, 0.0937: 1.625 in. 
b, 0.1875-1.0 in. 

E. R. W r Mfg. Co., 4611 N. 32nd St., 
Milwaukee 9, Wis. 
A, a, 0.25-1.0 in. 
B, b, 0.25-1.0 in. 


Zubler Bearing Corp., 204 Osborn St., 
Philadelphia 28, Pa. 
b, 1.5-15 i 


Double Row 


Nonfiiling-slot assembly (A,a) 


- 


Filling-slot assembly (B,b) 








BHA 











Split outer ring (C,c) 


55 


Unground, split outer or inner rings (D,d) 


American Ball Bearing Co., 70 Flushing 
Ave., Brooklyn 5, N. Y. 
A, 30-40 mm 


Ann Arbor Bearing & Mfg. 


Co., 815 
Wildt St., Ann Arbor, Mich. 
a, 1-15 in. 


b, 1-15 in. 
The Barden Corp., 200 Park Ave., Dan- 
ury, Conn. 
a. 0.1250-0.3750 in. 
(See Ad, Page 156) 
deGroh —“— Co., 467 W. 3ist St, 
Chicago 16, 
a, bec 
Freeway Washer & Stam ing Co., P. O. 


Box 1756, Cleveland 5, 
d, 0.625-2.0 in. 


C. L. Frost & Son, 345 Summer N. W., 
Grand Rapids, Mich. 
d, 0.125-0.500 in. 


General Bearing Co. Inc., P. O. Box 455. 
a Nyack, N. Y. 
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General Precision Inc., Kearfott Div., 195 
E. Railway Ave., Paterson, N. J. 
a, 0.125-4 in. 


Hoover Ball & Bearing Co., 5440 S. State 
Rd., Ann Arbor, Mich. 
B, 10-110 mm 


(See Ad, Page 167) 


Industrial Tectonics Inc., Bearing Div., 


18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 
b, 0.25-50 in. 
c, 0.25-50 in 


The Kaydon Engineering Corp., Muskegon, 
Mich. 
A, a, 100-5000 mm, 4-178 in. 
B, b, 100-5000 mm, 4-178 in. 
C, c, 100-5000 mm, 4-178 in. 
(See Ad, Page 164) 


Kendale Washer & Stamping Co., 5217 
Sweeney Ave., Cleveland 27, Ohio 


D, d, 0.125-2.0 in. 


L & S Bearing Co., P. O. Box 995, Okla 
homa City f Okla. 
B, 30-30 mm 


Marlin-Rockwell Corp., 402 Chandler St., 
Jamestown, N. Y. 
c, 15-170 mm 


(See Ad, Page 152) 


McGill Mfg. Co., 909 N. Lafayette, Val 
araiso, Ind 
, 10-250 mm 
ec, 10-250 mm 


New Hampshire Ball Bearings Inc., Peter 
borough |, N. H. 
a, 0.0400-0.3125 in. 
(See Ad, Page 161) 


Nice Ball Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa. 
D, d, 0.1875-2.0 in. 
(See Ad, Page 163) 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
A, 10-110 mm 
(See Ad, Page 165) 


The Schatz Mfg. Co., W. 
Poughkeepsie, N. Y 
D, 1.1875-1.250 in. 


Broadway, 


Split Ball Bearing Div., Miniature Pre- 
cision Bearings Inc., Highway 4, Leb- 
anon, N. H 
A, a, 10-50 mm 


(See Ad, Page 149) 
Zubler Bearing Corp., 204 Osborn St., 
Philadelphia 28, Pa. 


a, 1.5-15 in 


b, 1.5-15 in 


Self-Aligning, Single and 
Double Row 


BCA 


Externally self-aligning single row (A,a) 


144 























Single row, aa raceway 
) 


spherical (B, 
BS, BIS (+), 


Double row, outer-ring raceway 


spherical (C,c) 


American Koyo Corp. 60 Broad 
Seattle, Wash. 
B, 25-70 mm 
C, 25-70 mm 


Ann Arbor Bearing & Mfg. Co., 815 
Wildt St., Ann Arbor, Mich. 
a, 1-8 in. 
b, 1-8 in. 


Bearing Service Co., 4650 Baum Blvd., 
Pittsburgh 13, Pa. 
a, 55-300 mm, 2.25-16 in. 
ce, 55-300 mm, 2.25-16 in. 


deGroh Bearing Co., 467 W. 
Chicago 16, Ill. 
a, b,c 


The Fafnir Bearing Co., 37 Booth St. 
New Britain, Conn. 
A, a, 10-110 mm 
C, c, 12-85 mm 
(See Ad, Page 162) 


The Federal Bearings Co. Inc., W. Broad- 
way, Poughkeepsie, N. Y 
A, 10-75 mm 
C, 5-10 mm 


Federal-Mogul-Bower Bearings Inc., Bear- 
ings Co. of America Div., 501 Harris- 

burg Ave., Lancaster, Pa. 

a 


3ist St., 


(See Ad, Page 157) 


General Precision Inc., Kearfott Div., 195 
E. Railway Ave., Paterson, N. J. 
a, 0.125-4 in. 


The Kaydon Engineering Corp., Muske- 
gon, Mich. 
A, a, 4-178 in. 
B, b, 4-178 in. 
(See Ad, Page 164) 


Marlin-Rockwell Corp., 402 Chandler St., 
Jamestown, N. Y. 
a, 10-200 mm 
(See Ad, Page 152) 


Messinger Bearings Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 
a, 2.5-150 in. 


Miniature Precision Bearings Inc., Pre- 
cision Park, Keene, N. H 
b, 0.0781-0.1250 in. 
(See Ad, Page 159) 
New Departure Div., General Motors 
Corp., Bristol, Conn. 
c mm only 
(See Ad, Page 154) 
New Hampshire Ball Bearings Inc., Peter- 
borough 1, N. H. 
B, 0.0400-0.3125 in. 
(See Ad, Page 161) 


Nice Ball Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa. 
a, 0.1875-1.375 in. 
(See Ad, Page 163) 


Norma-Hoffmann Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 
B, 0.1900-0.625 in. 
C, 5-110 mm, 0.375-4 in. 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
A, 0.75-4.0 in. 

C, 5-110 mm 


(See Ad, Page 165) 


Stephens-Adamson Mfg. Co., Sealmaster 
iv., Ridgeway Ave., Aurora, Ill. 
A 


(See Ad, Page 155) 


Zubler Bearing Corp., 204 Osborn St., 
Philadelphia 28, Pa. 
a, 1.5-15 in. 
b, 1.5-15 in. 
ec, 1.5-15 in. 


Angular Contact or Radial 
Thrust 


Angular-contact ball bearings are de- 
signed so that the direction of load 
through the balls forms an angle with 
the radial plane of the bearing. Thus, 
these bearings can carry thrust loads in 
combination with radial loads. Radial- 
thrust unground bearings also carry radial 
and thrust loads. 

A letter code and bearing-bore dimen- 
sions (where available) follow each com- 
pany listing to designate bearing type and 
size. Capital letters denote that the bear- 
ing is a standard item; lower-case letters 
indicate that it is a special item. 


Single Row, Angular Contact 


== 
Cy 
J 
BY, BIY 


Split outer or inner ring (A,a) 


oT oS 


BN. BIN BA,BIA _ BT,BIT 
Self-contained (B,b) 


Soe 


Separable outer or inner ring (C,c) 


BZ, BIZ 





Acme Ball Bearing & Mfg. Co., 12245 
Turner Ave., Detroit 4, Mich. 
a, b 

American Koyo Corp. 60 Broad St. 


Seattle, Wash. 
B, 10-110 mm 
c 
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Ann Arbor Bearing & Mfg. Co., 815 Wildt 
Ann Arbor, Mich. 


be - ae Gam. 200 Park Ave., Dan- 
ury, 
B, b, 2381-45 mm, 0.0937-1.7717 in. 
Cc, c, 2.381-8 mm, 0.0937-0.3150 in. 


(See Ad, Page 156) 


Bayside Watch Tool Co. Inc. 20-02 
4 Parkway, Whitestone 57, N. Y. 
a, b, c 


Bearing Service Co., 4650 Baum Blvd., 
Pittsburgh 13, Pa. 
a, 55-300 mm, 2.25-16 in. 
B, b, 55-300 mm, 2.25-16 in. 
C, c, 55-300 mm, 2.25-16 in. 


deGroh Bearing Co., 467 W. 3lst St., Chi- 
cago 16, Ill 
a, b,c 


The Fafnir Bearing Co., 
New Britain, Conn. 
B, b, 4-170 mm 
(See Ad, Page 162) 


37 Booth St. 


The Federal Bearings Co. Inc., W. Broad- 
way, Poughkeepsie, N. Y. 
B, 10-110 mm 


Federal-Mogul-Bower Bearings Inc., Bear- 
ings Co. of America Div., 501 Harris- 
burg Ave., Lancaster, Pa. 

B, 20-120 mm 
(See Ad, Page 157) 


General Precision Inc., Kearfott Div., 195 
E. Railway Ave., Paterson, N. J. 
a, 0.125-4.00 in. 
c, 0.125-4.00 in. 


The Green Ball Bearing Co., 
sius Ave., Cleveland 5, Ohio 
C, 10-445 mm 


9518 Cas- 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

b, 0.25-50 in. 
ce, 0.25-50 in. 


International Harvester Co., 7 South 600 
County Line Rd., Hinsdale, Ill. 
B, 1.00-3.00 in. 


International Harvester Co., West Pull- 
man Works, 1015 W. 120th St. Chi- 
cago 43, Il. 

B, 1.00-3.00 in. 


Joy Ball Bearing Corp., 4538 W. Fulton 
St., Chicago 24, III. 
a, 17-320 mm, 0.625-12.5 in. 
b, 17-320 mm, 0.625-12.5 in. 
c, 17-320 mm, 0.625-12.5 in. 


The Kaydon Engineering Corp., Muske- 
gon, Mich. 
A, a, 100-5000 mm, 4-178 in. 
C, ec, 100-5000 mm, 4-178 in. 
(See Ad, Page 164) 


Marlin-Rockwell ae 402 Chandler St., 
Jamestown, N. 
A, 10-110 mm 
B, 10-110 mm 
c, 10-110 mm 
(See Ad, Page 152) 


McGill Mfg. Co., 909 N. Lafayette, Val- 
araiso, Ind. 
, 10-250 mm 
c, 10-250 mm 


1961 Edition 


Messinger Bearings Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 
a, 2.5-150 in. 
b, 2.5-150 in. 
c, 2.5-150 in. 


Miniature Precision Bearings Inc., Pre- 
cision Park, Keene, N. H. 
B, 0.0781-0.250 in. 
C, 0.0781-0.250 in. 


(See Ad, Page 159) 


Mono Race Div., Thew Shovel Co., Lo- 
rain, Ohio 
a, 12-168 in. 
b, 12-168 in. 
c, 12-168 in. 
(See Ad, Page 160) 


New Departure Div., 
Corp., Bristol, Conn. 
a, 50-140 mm 
B, 2.38-150 mm 
c, 2.38-65 mm 


(See Ad, Page 154) 


General Motors 


New Hampshire Ball Bearings Inc., Peter- 
borough 1, N. F 
B, 0.0400-0.7500 in. 
c, 0.0400-0.3125 in. 
(See Ad, Page 161) 


Nice Ball Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa. 
a, 0.1875-1.375 in. 


(See Ad, Page 163) 


Norma-Hoffman Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 
B, 10-260 mm, 0.50-4.50 in. 

SKF Industries Inc., Reed Instrument Bear- 
ing Div., 4241 Redwood Ave., Los Ange- 
les 66, Calif. 

B, b, 0.0469-0.2500 in. 
C, c, 0.0469-0.2500 in. 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 


(See Ad, Page 165) 


Split Ball Bearing Div., Miniature Pre- 
cision Bearings Inc., Highway 4, Leba- 
non, 


B, b, 10-50 mm 
(See Ad, Page 149) 


The beg wd Co., P. O. Box 118, Tor- 
rington, 


B, b, 100 a 155.0 in. 


Zubler Bearing Corp., 204 Osborn St., 
Philadelphia 28, Pa. 
b, 1.5-15 in. 
ce, 1.5-15 in. 


Double Row, Angular Contact 


OG Bo 


BG, BIG 


eau niet, “oe slot 
assembly ( 


QO OQ 














Angular contact, filling-slot bl (B,b) 











ZS) 


BYV BAA, BIAA 


Angular contact, two-piece inner or 
outer ring (C,c) 


Acme Ball Bearing & Mfg. Co., 12245 
Turner Ave., Detroit 4, Mich. 
a,c 


American Koyo Corp. 60 Broad St. 
Seattle, Wash. 
A, 25-110 mm 


Ann Arbor Bearing & Mfg. Co., 815 Wildt 
St., Ann Arbor, Mich. 


a, b, c 





Bearing Service Co., 4650 Baum Blvd., 
Pittsburgh 13, Pa. 
a, 110-300 mm, 4.50-12 in. 
b, 110-300 mm, 4.50-12 in. 
c, 110-300 mm, 4.50-12 in. 


deGroh Bearing Co., 467 W. 3lst St., 
Chicago 16, Ill. 
a, b,c 


The Fafnir Bearing Co., 37 Booth St., 
New Britain, Conn. 
A, a, 10-25 mm 
B, b, 12-140 mm 
(See Ad, Page 162) 


The Federal Bearings Co. Inc., W. Broad- 
way, Poughkeepsie, N. Y. 
A, 10-20 mm 
B, 25-110 mm 


Federal-Mogul-Bower Bearings Inc., Bear- 
ings Co. of America Div., 501 Harris- 
burg Ave., Lancaster, Pa. 

B, 20-100 mm 
(See Ad, Page 157) 


General Precision Inc., Kearfott Div., 195 
E. Railway Ave., Paterson, N. J. 
a, 0.125-4 in. 
c, 0.125-4 in. 


Hoover Ball & Bearing Co., 5440 S. State 
Rd., Ann Arbor, Mich. 
B, 10-110 mm 


(See Ad, Page 167) 


Industrial Tectonics Inc., Bearing Div., 
18301 Santa Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

b, 0.25-50 in. 
c, 0.25-50 in. 


The Kaydon Engineering Corp., Muskegon, 
Mich. 
A, a, 100-5000 mm, 4-178 in. 
B, b, 100-5000 mm, 4-178 in. 
C, c, 100-5000 mm, 4-178 in. 
(See Ad, Page 164) 


Marlin-Rockwell Corp., 402 Chandler St., 
Jamestown, N. Y. 
A, 10-30 mm 
B, 10-110 mm 
c, 40-190 mm 


(See Ad, Page 152) 


McGill Mfg. Co., 909 N. Lafayette, Valpa- 
raiso, Ind. 
b, 10-250 mm 


New Departure Div., General Motors 
Corp., Bristol, Conn. 
A, 10-30 mm 
B, 10-110 mm 


(See Ad, Page 154) 
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New Hampshire Ball Bearings Inc., Peter- 
borovgh I, N. H. 
a, 0.0400-0.3125 in. 
c, 0.0400-0.3125 in. 
(See Ad, Page 161) 


Norma-Hoffman Bearings Corp., Hamilton 
Ave., Stamford, Conn. 
B, 10-110 mm 
Cc, 10-140 mm 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
A, 10-110 mm 


(See Ad, Page 165) 


Zubler Bearing Corp., 204 Osborn St. 
Philadelphia 28, Pa. 
a, 1.5-15 in. 
b, 1.5-15 in. 


Unground, Angular Contact or 
Radial Thrust, Single Row 


Angular contact, solid outer ring, 
solid inner ring with high shoulder, 
two-point contact (A,a) 


- ‘ 
' ” iz 


UT UV 
L or U-shaped outer ring, channel- 


shaped inner, three-point contact, 
radial thrust (B,b) 


L. or U-shaped outer ring, grooved 
inner ring, three-point contact, 
radial thrust (C,c) 


fei 


fan 


UW UZ 


L or U-sha outer ring, solid inner 
ring with high shoulder, three-point 
contact, radial thrust (D,d) 
Freeway Washer & Stamping Co., P. O 
Box 1756, Cleveland 5, Ohio 
a, 0.625-2.0 in. 


Hartford Steel Ball Co., 12 Jefferson Ave., 
Drawer Q, Station A, Hartford 6, Conn. 
A, a, 0.1875-0.75 in. 

B, b, 0.1875-0.75 in. 
C, c, 0.1875-0.75 in. 
D, d, 0.09375-0.75 in. 
(See Ad, Page 166) 


Kendale Washer & S amps S o 5217 
Sweeney Ave., Clevela 
0.250-2.0 in. 
, 0.250-2.0 in. 
e. 0.250-2.0 in. 


National Bearings Co., Flory Mill Rd. & 
Manheim Pike, Lancaster, Pa. 
a, 0.500-1.096 in. 


Nice Ball Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa. 
a, 0.125-2.3125 in. 
B, b, 0.25-3.0 in. 
ce, 0.25-1.50 in. 
D, d, 0.125-2.3125 in. 


(See Ad, Page 163) 


The Schatz Co., W. Broadway, 
Poughkeepsie, eT 


a, 0.125-2.3125 in. 
B, 0.75-1.25 in. 
d, 0.75-1.25 in. 


William H. Stevenson Co. Inc., 452 Clear- 
view Ave., Trevose Hts, Pa. 
A, a, 0.187-0.375 in. 


(See Ad, Page 166) 


E. R. Wagner Mfg. Co., 4611 N. 32nd St., 
Milwau 9, Wis. 
B, b, 0.25-1.0 in. 
C, ec, 0.375-1.0 in. 
D, d, 0.25-1.0 in. 


Thrust and Pivot 


Ball thrust bearings handle pure thrust 
loads. They are designed to carry no radial 
load. For high-speed applications, however, 
deep-groove or angular-contact ball bear- 
ings are preferable even for pure thrust 
loads. 

Pivot ball bearings have a massive sec- 
tion under the balls that enables them to 
withstand large shock loads. They are 
also used in applications that require mini- 
mum limits of radial and axial play. 

A letter code and bearing-bore dimen- 
sions (where available) follow each com- 
pany listing to designate bearing type and 
size. Capital letters denote that the bear- 
ing is a standard item; lower-case letters 
indicate that it is a special item. 


Single-Direction Thrust 


rp as 


TA, TB 
Single row, grooved raceways, 
flat seats (A,a) 


Single row, flat raceways, flat seats (B,b) 


— = 
ed 
TB 


Multiple Se - eo raceways, 


— 
Ret: Pt 
TE, TG TF, TH 


Self-aligning seat, s' row, 
grooved raceways (D,d) 


=e 
Self-aligning seat, multiple row (E,e) 
Acorn Bearing Co., 66 Stanley St., New 
Britain, Conn. 
A, 0.375-25 in. 
B, 0.375-25 in. 
C, 0.375-25 in. 
D, 0.375-25 in. 
E, 0.375-25 in. 
American Koyo Corp., 60 Broad St., 
Seattle, Wash. 
A. 10-60 mm 


C, 55-220 mm 


oe, nares C»., Box 570, Spartan- 


& Mfg. Co., 815 Wildt 
St, Ann rine Mich. 
a, b, c, d,e 


—— Ball Bearin ks 28 Industrial 


Ball & Roller Bearing Co., 22 Maple Ave., 
Danbury, Conn. 
A, 10-150 mm 0.5-3.5 in. 
B, 0.5-8.75 in. 
D, 10-150 mm 


Service Co., 4650 Baum Blvd., 
urgh 13, Pa. 
a, 150 mm, 6-16 in. 
b, 150-400 mm, 6-16 in. 
c, 150-400 mm, 6-16 in. 
d, 150-400 mm, 6-16 in. 
e, 150-400 mm, 6-16 in. 


deGroh Bearing Co., 467 W. 3lst St. 
Chicago 16, Ill. 
a, b, c, d,e 


Federal-Mogul-Bower Bearings Inc., Bear- 
ings Co. of America Div., 501 Harris- 
burg Ave., Lancaster, Pa. 

A, 30-125 mm 


e 
(See Ad, Page 157) 


Bearin; 


., Brook- 


Xe up 
in. up 
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Hartford Steel Ball Co., 12 Jefferson Ave., 
Drawer Station A, Hartford 6, Conn. 
B, b, 0.125-0.5 in. 

(See Ad, Page 166) 

Industrial Tectonics Inc., Bearing Div., 
18301 Santa Fe Ave., Compton, Calif. 
a, 0.25-50 in. 


4-635 mm, 0.15625-25 in. 
4-635 mm, 0.15625-25 in. 


aydon Engineering Corp., Muske- 
Mich. 
00-5000 mm, 4 178 in. 


F mp 
Rook 


POA e> 
2 BP SP 


100-5000 mm, 4-178 in. 
(See Ad, Page 164) 


Marlin-Rockwell Corp., 402 Chandler St., 
Jamestown, N. Y. 
A, 10-125 mm 
B, 0.500-3.50 in. 
D, 10-140 mm 


(See Ad, Page 152) 
McG Il Mfg. ae 909 N. Lafayette, Val- 


Bearings Inc, D St. above 


Messinger 
Erie Ave., Philadelphia 1, Pa. 


e, 2.5-150 in. 


Miniature Precision ——- Inc., Pre- 
cision Park, Keene, N . H. 
A, 0.0400-0.1875 in. 
b, 0.0400-0.1875 in. 


(See Ad, Page 159) 


National Bearings Co., Flory Mill Rd. & 
Manheim Pike, Lancaster, Pa. 
B, 0.250-1.250 in. 


Nice Ball Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa. 
A, a, 0.125-3.50 in. 
B, b, 0.125-3.50 in. 
d, 0.125-3.50 in. 


(See Ad, Page 163) 


Norma-Hoffman Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 
A, 10-1180 mm, 0.25-9.0 in. 
B, 0.25-2.25 in. 
D, 10-360 mm 


Parkersburg-Aetna Corp., Aetna Ball & 
Roller Bearing Co. Div., 4600 Schubert 
Ave., Chicago 39, Iil. 

A, 10-140 mm, 0.50-7.375 in. 
B, 0.50-3.50 in. 
D, 10-140 mm 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 


1961 Edition 


3 . W. Broadway, 


ghkeepsie, N. Y. 
a, 0.1875-2.875 in. 
The Lemmy Co., P. O. Box 118, Tor- 


rington, 
A, a, 5.000-155.00 in. 


Zubler Bearing Corp., 204 Osborn St., 
Philadelphia 28, Pa. 


e, 15-15 in. 


Double-Direction Thrust, 
Single Row 


en 
SSD 
TDA, TOB TOC, TOD 
Flat seats (A,a) 





Self-aligning seats (B,b) 


Acorn Bearing Co., 66 Stanley St., New 
Britain, Conn. 
A, 0.375-25 in. 


B, 0.375-25 in. 


Andrews Bearing Co., Box 570, Spartan- 
burg, S. C. 
A, a, 3-1000 mm, 0.125-40 in. 
B, b, 3-1000 mm, 0.125-40 in. 


Ann Arbor Bearing & Mfg. Co., 815 Wildt 
eam Arbor, Mich. 
a, 


Ball & Roller Bearing Co., 22 Maple Ave., 
Danbury, Conn. 
A, 15-130 mm 
B, 15-130 mm 


Bearing Service Co., 4650 Baum Blvd., 
Pittsburgh 13, Pa. 
a, 150-400 mm, 6-16 in. 
b, 150-400 mm, 6-16 in. 


deGroh Bearing Co., 467 W. 3lst St. 
Sees 16, Il. 
a, 


The Gwilliam Co., 360 Furman St., Brook- 
lyn 1, N. Y. 
a, 0.5 in. up 
b, 0.5 in. up 


Industrial Tectonics Inc., Bearing Div., 
18301 Santa Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

b, 0.25-50 in. 


, 4538 W. Fulton 


.15625-25 in. 
.15625-25 in. 


00-5000 mm, <8 i in. 
(See Ad, Page 164) 
L & S Bearing Co., P. O. Box 995, Okla- 
homa Ci a. 
A, 1.5-2. 


ae Corp., 402 Chandler St. 


McGill << 909 N. Lafayette, Val- 
paraiso, 
a, 0.50-6 in. 


Messinger ings Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 


Norma-Hoffman Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 
A, 15-220 mm 
B, 15-220 mm 


Zubler Bearing Corp., 204 Osborn St., 
Philadelphia 28, Pa. 
a, 1.5-15 in. 
b, 1.5-15 in. 


Angular-Contact Thrust, Flat 
Seats 


TL TAA 


Two-point contact (A,a) 


Four-point contact (B,b) 


Andrews Bearing Co., Box 570, Spartan- 
burg, S. C. 
a, 3-1000 mm. 0.125-40 in. 


Auburn Ball Bearing Co., 28 Industrial 
St., Rochester 14, N. Y. 
B, b, 0.5-5.9375 .™ 


Service Co., 4650 Baum Blvd., 
Pitsbugh 13, Pa. 

mm, 6-16 in. 
b 130-400 mm, 6-16 in. 


deGroh re Co., 467 W. 3ist St. 
ne fiat 16 


The Federal Resstngs Op. a; W. Broad- 
a Poughkeepsie, 


The Gwilliam Co., 360 Furman St., Brook- 


lyn 1, N. Y. 
a, 1.0 in. up 
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Industrial Tectonics Inc., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

b, 0.25-50 in. 

Joy Ball Bearing Corp., 4538 W. Fulton 

St., Chicago 24, Ill. 

a, 13-635 mm, 0.15625-25 in. 

b, 13-635 mm, 0.15625-25 in. 


The Kaydon 

Mich. 
A, a, 100-5000 mm, 4-178 in. 
B, b, 100-5000 mm, 4-178 in. 
(See Ad, Page 164) 


Engineering Corp., Muskegon, 


Nice Ball Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa. 
a, 0.125-3.50 in. 
(See Ad, Page 163) 


The Torrington Co., P. O. Box 118, Tor- 


rington, Conn. 

A, 12.000-155.0 in. 
b, 12,000-155.0 in. 
Zubler Bearing Corp., 204 Osborn St., 

Philadelphia 28, Pa 


a, 1.5-15 in 


Unground Thrust 


—~1 I~ 
UTA (+ L A oD, 
Single direction, grooved raceways, 
flat seats (A,a) 


Freeway Washer & Stamping Co., P. O 
Box 1756, Cleveland 5, Ohio 
a, 0.625-2.0 in. 


Hartford Steel Ball Co., 12 Jefferson Ave., 
Drawer Q, Station A, Hartford 6, Conn. 


a, 0.25-0.5 in. 


(See Ad, Page 166) 


Hoover Ball & Bearing Co., 
Rd., Ann Arbor, Mich. 
A, 0.625-1.25 in. 

(See Ad, Page 167) 


5440 S. State 


Irwin Bearing Co., 1738 Townsend St., 
Cincinnati 23, Ohio 
A, a, 0.5-1.34375 in. 


Kendale Washer & Stamping Co., 5217 
Sweeney Ave. Cleveland 27, Ohio 
A, a, 0.125-2.0 in. 


Nice Ball Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa 
A, a, 0.125-2.0 in. 
(See Ad, Page 163) 
Parkersburg-Aetna Corp., Aetna Ball & 
Roller Bearing Co. Div., 4600 Schubert 
Ave., Chicago 39, Ill. 
a, 0.50-34 in 


The Schatz Mfg. Co. W 
Poughkeepsie, N. Y. 
A, 0.25-1.50 in 


Broadway, 


Triangle Mfg. Co., 736 Division St., 
Oshkosh, Wis. 


A, a 


148 


Bearing Div., 


Spherically ground cup (A,a) 


| 


BCT 


Taper-ground cup (B,b) 


[~) 
BCF de 


Angular-contact outer ring (C,c) 


The Barden Corp., 200 Park Ave., Dan- 
bury, Conn. 
C, c, 7.937-22 mm OD, 0.3125-0.8661 in. 
OD 
(See Ad, Page 156) 


Freeway Washer & Stamping Co., P. O. 
Box 1756, Cleveland 5, Ohio 
A, B 


Landis & Gyr Inc., 
York, N. Y. 
A, a 


45 W. 45th, New 


(See Ad, Page 151) 


Miniature Precision Bearings Inc., Pre- 
cision Park, Keene, N 
A, 0.020-0.100 in., 
C, 0.032-0.125 in. 
(See Ad, Page 159) 


New Departure Div., General Motors 
Corp., Bristol, Conn. 
c, 0.1064-0.686 in. 

(See Ad, Page 154) 


New Hampshire Ball Bearings Inc., 
N. H. 


Peterborough 1, N. 
Cc, 0.1250-0.3750 in. OD 


(See Ad, Page 161) 


Raway Bearing Co., 141 M Chrysite St. 
New York 2, N. Y. 
A, a 


Linear Motion and 
Ball Splines 


Bali-type linear-motion bearings are 
used for linear translation of loads, and 
are manufactured in two versions. 

Recirculating type contains multiple 
rows of recirculating balls. The linear 
motion obtained is limited only by the 


length of shaft. Relatively high speeds 
and low friction are made possible by 
this design. However, load capacity is 
low. 

Nonrecirculating type contains a greater 
number of balls than conventional anti- 
friction bearings. This construction per- 
mits a greater bearing contact area and 
provides capacity to handle larger loads. 
Linear motion obtained eliminates arbor 
chatter and binding caused by conven- 
tional bushing wear and maladjustment. 

A letter code follows each company 
listing to designate bearing type: A,a, 
for linear motion; B,b, for ball splines. 
Capital letters denote the bearing is a 
standard item; lower case letters indicate 
that it is a special item. 


Beaver Precision Products, 651 Rochester 
Rd., Clawson, Mich 
A, B 
Briney Mfg. Co., 1175 Seba Rd., Pontiac, 
_— 


Hartford Steel Ball Co., 12 Jefferson Ave., 
Drawer Q, Station A, Hartford 6, Conr 
a 


(See Ad, Page 166) 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
A 


Messinger Bearings Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 
A 


Orange Roller Bearing Co. Inc., 557 Main 
St., Orange, N. J. 
a 


Thomson Industries Inc., Dept. 10, Man- 
N. Y 


The Torrington Co., P. O. Box 118, Tor- 
ie Conn. 


Four-Point Contact 
and Shear Ball 


Four-point contact ball bearings can 
take thrust in both directions, and over- 
turning and radial loads. 

Shear-ball bearings are four-point con- 
tact ball bearings with a very high con- 
tact angle. 

A letter code follows each company 
listing to designate bearing type: A for 
four-point contact type; B for shear-ball 
type. 


Bearing Service Co., 4650 Baum Blvd., 
_ urgh 13, Pa. 


Dodge Mfg. Corp., 1952 William, Misha- 
waka, Ind. 
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General Precision Inc., Kearfott Div., 195 
Railway Ave., Paterson, N. J. 


Industrial Tectonics Inc., Bearing Div., 
on Sante Fe Ave., Compton, Calif. 


Joy Ball Bearing Corp., 4538 W. Fulton 
~ Chicago 24, Ill. 


The Kaydon Engineering Corp., Muskegon, 
Mich. 
A 
(See Ad, Page 164) 


Messinger Bearings Inc., D St. above Erie 
ree Philadelphia 1, Pa. 


Mono Race Div., Thew Shovel Co., 
Lorain, Ohio 


(See Ad, Page 160) 


The Torrington Co., P. O. Box 118, Tor- 
rington, Conn. 


Pillow Block and 
Flange Units 


Ball-bearing pillow-block units provide 
a compact package for direct mounting on 
machine frames and exterior supports. 

Flange units can be assembled di- 
rectly into bores of wheels, pulleys, etc., 
assuring alignment and eliminating neces 
sity of counterboring or chamfering of 
mounting. 

A letter code follows each company 
listing to designate bearing type: A for 
pillow-block units; B for flange units. 


Bearing Service Co., 4650 Baum Blvd., 
‘6 te 13, Pa. 
A 


let) 


Browning Mfg. Co., 1935 Browning Drive, 
Maysville, Ky. 
B 


Dodge Mfg. Corp., 1952 William, Misha- 
waka, Ind. 


A, B 


The Fafnir Bearing Co., 37 Booth St., 
New Britain, Conn. 
A, B 
(See Ad, Page 162) 


The Federal Bearings Co. Inc., W. Broad- 
way, Poughkeepsie, N. Y. 
A 


Federal-Mogul-Bower Bearings Inc., Bear- 
ings Co. of America Div., 501 Harris- 
burg Ave., Lancaster, Pa. 


(See Ad, Page 157) 


1961 Edition 





HDR 
SERIES 


High preci- 
sion radial ball bearings with 
maximum ball complements in 
deep groove races uninterrupted 
by filling slots or counterbore — 
extra high capacity made in 
three metric series, in ABEC 3 
and ABEC 5 precision grades. 


T 
SERIES 


Thin-section, 
high precision radial ball bear- 
ings. Type TCR with maximum 
ball complement and retainer — 
Type TCF with full race ball 
complement — Type TWF with 
unique integral shield. 


& 


mipGcetT T's 


9 OWs 
> 


Small, thin- 
section radial ball bearings with 
maximum ball complements and 
retainers — high concentration of 
load capacity in minimal space — 
tremendous space savings com- 
pared with conventional standard 
inch series ball bearings. 


SPECIAL DESIGNS 


Split’s method of construction 
brings new solutions to difficult 
bearing problems. As a result, 
many of these incorporate special 
bearing designs. You are invited 
to consult with our Special Bear- 
ing Engineering Group for new 
approaches to your particularly 
difficult bearing problems. 


1—BALL BEARINGS 


a 

new 

ele irene 
CGOnCeDI... 


es 


BALL BEARINGS 


The result is a new kind of precision ball 
bearing with superior performance abili 


ties 
MORE LOAD CAPACITY 


{ 


LONGER SERVICE LIFE 


ONE-PIECE RETAINER 
: i ° 48 


SPACE SAVING 


LOW TORQUE 


GREATER RIGIDITY, ZESS DEFLECTION, IN 
CREASED RESISTANCE TO SHOCK LOADS 


INTEGRAL SHIELDS 


we ena 


LEBANON, N.H. 


Circle B-1 on Page 137 
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BEARINGS: 
COMMERCIAL UNITS FP. 
Pillow blocks, flange units, 
take-ups, and specials. In- @. 
corporate economical sealed 
presumes 


PRECISION UNITS 


&. Pillow blocks, flange units, 


take-ups, and specials. in- 


setscrews. Self-aligning. Shaft 
sizes from %” through 1%”. 


corporate precision sealed for 
life ball bearings with ec- 
centric locking collar. Self- 
aligning. Available in shaft 


sizes 4" through 2476”. 


RBF SERIES 

Available in shoft sizes %” 
through 12". Self -aligning 
Incorporate Roberts economical 
commercial sealed bearing 
cortridge in stomped flanges 


AG3F AND FSF SERIES 
Aveilable in shoft sizes Yo" 
through 14". Economical 
secled 3-hole units with 
stomped ovter races and ex- 
tended inner rece with set- 
screws. 


RX SERIES 

Commercial hanger mount 
bearing. Shaft sizes %’ 
through 1". Incorporate lomi- 
nated felt ‘ond synthetic seal 
same os RBF Series. 


STU AND STUF SERIES 
Sealed light duty toke-ups and 


frames. Available shoft sizes 
Se” through 1”. 


Engineering catalog No. 60 
available on request. 


(Aerts MFG, INC 


1000 W.ELM ST. SALINA, KANSAS 
Circle 8-2 on Page 137 

















Freeway Washer & Stampi 
Box 1756, Cleveland 5, O 
c, 0.625-2.0 in. 


Co., P. O. 


Golden’s Foundry & Machine Co., 6th 
a", * 12th St., Columbus, Ga. 


The Green Ball Bearing Co., 9518 Cas- 
- Ave., Cleveland 5, Ohio 


Hoover Ball & 
| ae Arbor, Mi 


(See Ad, Page 167) 


Co., 5440 S. State 


Industrial Tectonics Inc., Div., 


Bearing 
_ Sante Fe Ave., Compton, Calif. 


Link-Belt Co., Prudential Plaza (17th 
wie Chicago 1, Hl. 


(See Ad, Page 153) 


Marlin-Rockwell Corp., 402 Chandler St., 
Jamestown, N. Y. 


(See Ad, Page 152) 


McGill Mfg. Co., 909 N. Lafayette, Val- 
— i 


Messi. Inc., D St. above Erie 
Ave. re Philedelhia 1, Pa. 


Mono Race Div., Thew Shovel Co., 


—— Ohio 
(See Ad, Page 160) 


New Departure Div., General Motors 


Corp., Bristol, Conn. 
AB 
(See Ad, Page 154) 


Nice Ball Bearing Co., 30th & Hunting 
ee: Ave., Philadelphia 40, Pa. 


(See Ad, Page 163) 


» fame Ball & 


Parkersburg-Aetna 
, 4600 Schubert 


Roller Bearing oo 
a Chicago 39, Ill. 


Roberts Mfg. Inc., 1020 W. Elm, Salina, 


(See Ad, Page 150) 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 


A.B 
(See Ad, Page 165) 


Stephens-Adamson Mfg. Co., Sealmaster 
Div., Ridgeway Ave., Aurora, Ill. 
A, B 


(See Ad, Page 155) 


T. B. Wood’s Sons Co., 1200 Fifth Ave., 
Chambersburg, Pa. 


A, B 


Cartridge and 
Take-Up Units 


Ball-bearing cartridge units provide a 
simple means of mounting a bearing as an 
integral part of a machine. 

Take-up units provide a positive means 
of varying shaft position to adjust slack 
in chains or belts and to compensate for 
belt stretch or chain wear. 

A letter code follows each company 
listing to designate bearing type: A for 
cartridge units; B for take-up units. 


Ba Watch Tool Co. Inc, 20-02 
topia Parkway, Whitestone 57, N. Y. 


sae Bt Co., 4650 Baum Blvd. 
Pi 13, Pa. 
A, B 


_— Mfg. Co., 1935 Browning Drive, 


+ oe y- 


Dodge Mfg. Corp., 1952 William, Misha- 
waka, Ind. 
A,B 
The Fafnir Bearing Co., 37 Booth St., New 
?. Conn. 
(See Ad, Page 162) 
Golden’s Foundry & Machine Co., 6th 


Ave. & 12th St Gaia Ga. 
A,B 


Link-Belt Co., Prudential Plaza (17th 


Floor), Chicago 1, Ill. 
A,B 
(See Ad, Page 153) 


Roberts Mfg. Inc., 1020 W. Elm, Salina, 

Kans. 
A, B 
(See Ad, Page 150) 

SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
A 

(See Ad, Page 165) 

Stephens-Adamson Mfg. Co., Sealmaster 

iv., Ridgeway Ave., Aurora, Ill. 
(See Ad, Page 155) 


T. B. Wood’s Sons Co., 1200 Fifth Ave., 


Chambersburg, Pa 
B 
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Other Ball Bearing 
Types and Units 


Besides those ball bearing types shown 
in the preceding lists, there are many 
other, different kinds. Some of the other 
kinds are recognized as standard types, 
some are not. 


Altogether, the standardizing agencies 
have defined hundreds of different types 
of rolling-element bearings, and more 
than half of these are ball bearings. The 
Anti-Friction Bearing Manufacturers As- 
sociation (AFBMA), for instance, has 
standardized 21 kinds of rod-end bear- 
ings, and 15 kinds of clutch-release bear- 
ings. 

Not all kinds of bearings in the fol- 
lowing list are recognized as standard, 
of course. Here are some of the ones 
which have been defined by AFBMA: 
Airframe bearings, cam-followers, con- 
veyor bearings, fan and water pump 
bearings, front wheel bearings, and rear 
wheel bearings. Miniature and instru- 
ment bearings have been standardized 
by the American Standards Association 
(ASA). 


Acme Ball Bearing & Mfg. Co., 
Turner Ave., Detroit 4, Mich. 
Ball-Bearing Cam Followers 


12245 


The Barden Corp., 200 Park Ave., Dan- 
bury, Conn. 
Dynamic Bearings 
(See Ad, Page 156) 


Briney Mfg. Co., 1175 Seba Rd., Pontiac, 
Mich. 
Arbor-Support Bearings 


Dodge Mfg. Corp., 1952 William, Mish- 
awaka, Ind. 
Hanger Units 


The Fafnir Bearing Co., 37 Booth St. 


New Britain, Conn. 
Aircraft Bearin Rubber - Cushioned 
Bearings, Cam Followers, Track Rollers 


(See Ad, Page 162) 


Federal-Mogul-Bower Bearings Inc., Bear- 
ings Co. of America Div., 501 Harris- 
burg Ave., Lancaster, Pa. 

Clutch Throw-Out Bearings 


(See Ad, Page 157) 


Goldens’ Foundry & Machine Co., 6th 
Ave. & 12th St., Columbus, Ga. 
Hanger Box Units, Textile Bearings 


Hartford Steel Ball Co., 12 Jefferson Ave., 
Drawer QO, Station A, Hartford 6, Conn. 
mtact, One Piece Inner and 
Outer Rings 
(See Ad, Page 166) 


1961 Edition 


The Heim Co., Fairfield, Conn. 
Single-Row, Full-Complement, 


Groove, Solid Race; Double-Row, Full- 
Complement, Deep-Groove, Solid-Race 


(See Ad, Page 158) 


Hoover Ball & Bearing Co., 5440 S. State 
Rd., Ann Arbor, Mich. 
Water-Pump Bearings 
(See Ad, Page 167) 


Howe Engineering Co. Inc., 5800 Massa- 
chusetts Ave., Indianapolis, Ind. 
Special Nonmagnetic Single-Row Ball 
Bearings 


International Harvester Co., 7 South 600 
County Line Rd., Hinsdale, Ill. 
Fan and Water-Pump Bearings 


International Harvester Co., West Pullman 
a 1015 W. 120th St., Chicago 43, 


Fan and Water-Pump Bearings 
The Kaydon Engineering Corp., Muske- 


nm, Mich. 
Thin-Section Ball Bearings 
(See Ad, Page 164) 


la & Gyr Inc., 45 W. 45th, New York, 


% - 
Sealed Miniature Bell Bearings 
(See Ad, Page 151) 


Marlin-Rockwell Corp., 402 Chandler St. 
Jamestown, N. Y. 
Aircraft, Fan and Water-Pump, Power 
Transmission, Instrument, nveyor 
Bearings 
(See Ad, Page 152) 
New rture Div., General Motors 
Corp., Bristol, Conn. 
Fan and Water-Pump, Front Wheel, 
Rear Wheel, Agricultural, Textile Bear- 
ings 
(See Ad, Page 154) 


Orange Roller Bearing Co. Inc., 557 Main 
St., Orange, N. J. . 
Reciprocating 1 Bearings 

Raway Bearing Co. 141 Chrysite St. 


New York 2, N. Y. 
Special Gyro Bearings 


SKF Industries Inc., Reed Instrument 
Bearing Div., 4241 Redwood Ave., Los 
Angeles 66, Calif. 

Instrurnent Bearings 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
Instrument Bearings 

(See Ad, Page 165) 


Split Ball Bearing Div., Miniature Preci- 
sion Bearings Inc., Highway 4, Lebanon, 
N. H 


Thin-Section, Single-Fractured Outer- 
Race Ball Bearings 
(See Ad, Page 149) 


Stephens-Adamson Mfg. Co., Sealmaster 
iv., Ridgeway Ave., Aurora, Ill. 
Hanger Units, Rubber-Mounted Units 


(See Ad, Page 155) 








1—BALL BEARINGS 


THE | 
CHOICE | 
S 
p YOURS! | 


RMB miniature and 
instrument ball bearings 
are available 

in ABEC-1, ABEC-5 
and ABEC-7 tolerances. 


ONLY ONE OF THESE IS 
BEST FOR YOUR APPLICATION 
For highly sensitive and high speed 


applications you'll choose the RMB 
ABEC-5 or -7 bearing. 


For applications of less exacting re- 
quirements, you'll want to take advan- 
tage of the reduced cost of the RMB 
ABEC-1 bearing. 
IT’S YOUR APPLICATION— 
YOU MAKE THE CHOICE 


Find out more about the RMB line... 
Ask for Catalog 4E-1. 


LANDIS & GYR, inc. 


45 West 45th St. 
New York 36, N. Y. 


Circle B-3 on Page 137 
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1—BALL BEARINGS 


ball bearings by Link-Belt 


Reasons why Link-Belt __ 
ball bearings are “first choice” 
with design engineers 


@ LONG LIFE—Self-aligning, precision, deep-groove, 
single-row ball bearings provide highest capacity 
for radial or combination radial-thrust loads. 
SMOOTH, QUIET OPERATION—Honed to a micro- 
finish, raceways and precision balls minimize fric- 
tion. 
IMPERVIOUS SEALS—Provide positive grease-in, 
dirt-out protection to assure full bearing life. 
SIMPLE INSTALLATION—Steel collar locks bearing 
securely to shaft. Slotted bolt holes facilitate 
mounting. 
MINIMUM HEADROOM REQUIRED—Pressure relief 
fitting is mounted at 45° from vertical . . . makes 
it easy to lubricate in close-clearance applications. nats eoanees seAow MORE 
VARIETY OF HOUSINGS—Types and sizes for every WITH ONE-PIECE HOUSINGS—Series 
application. 200 and 300 pillow blocks for 4%” to 4” 


shafts. Most popular housing design! Lub- 
ricated . . . ready for installation. 


BALL BEARING PILLOW BLOCKS ’ BALL BEARING PILLOW BLOCKS 

WITH HEAVY-GAUGE PRESSED-STEEL — WITH TWO-PIECE HOUSINGS—Series 

HOUSINGS—Low-cost Series JPS-200 pillow blocks 200 and 300 pillow blocks for 1%” to 

for 42” to 1-7/16” shafts. Completely assembled, 3-15/16” shafts. Large lubricant reservoir for 
ready to install . . . lubricated for life. oil and grease lubrication. 


Also available . . . standard mounted ball bearing units 


flanged 
; f rtridge 
cartridge { ber 
} © tei Ma 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. 
To Serve Industry There Are Link-Belt Plants, Warehouses, District 
Sales Offices and Stock Carrying Distributors in All Principal 
15,642 Cities. Export Office, New York 7; Australia, Marrickville (Sydney); 
Brazil, Sao Paulo; Canada, Scarboro (Toronto 13); South Africa, 


MANUFACTURERS OF SELF-ALIGNING BALL AND ROLLER BEARINGS Springs; Switzerland, Geneva. Representatives Throughout the World. 
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NEW DEPARTURE PRODUCT INFORMATION 


MISSILES 


| ® 
, @ 
© se 
MINIATURE AND 
INSTRUMENT BALL 
BEARINGS 
Extensive range of ultra- 
precise ball bearings from 
%" to 1%" 0.D. Produced 
by New Departure to the 
most exacting requirements 
found in missile guidance 
and miniature 
yf all kinds 
PIB 


systems 
mechanisms 
Write for catalog 


AIRCRAFT 


AIRCRAFT BEARINGS 


Used in today’s most 
advanced engines. Main 
shaft and accessory drive 
ball bearings for turbine 
driven and reciprocating 
engines. Designed for ultra 
high speeds, heavy loads 
and high temperature in 
present and projected air 
and space vehicies. Write 
for catalog—ABC. 


APPLIANCES 


APPLIANCE AND 
ELECTRIC MOTOR 
BEARINGS 
A line of quiet-running 
open, shielded and/or 
sealed ball bearing types 
for fractional and integral 
hp electric motors and 
machinery of all kinds and 
makes. Exclusive New 
Departure integral Sentri- 
Seals offer Lubricated-For- 
Life feature. Write for 

catalog—S. 


MACHINE 
pgele] &— 


bad 


 —— 


MACHINE TOOL 
BEARINGS 

A wide range of radial and 
angular contact ball bear- 
ings for spindles and lead 
screws, made to super-pre- 
cision tolerances. Also avail- 
able for gear box and other 
machine tool applications to 
recision tolerances. Write 
or catalog—S. 


FARM 
IMPLEMENTS 


FARM IMPLEMENT 
AND EQUIPMENT 
BEARINGS 
Many types and sizes of 
integrally sealed bearings, 
specifically designed to 
reduce application and 
relubrication maintenance 
costs in farm implements 
and equipment of all kinds. 
Write for catalog—FiC. . 


\\ 
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MATERIALS 
HANDLING 
EQUIPMENT 


MATERIALS HANDLING, 
EQUIPMENT BEARINGS 
Heavy-duty sealed and 
Lubricated-For-Life bail 
bearings for belt and trolley 
conveyors, lift trucks and 
other types of materials 
handling equipment. Write 
for catalog—CB. 


Wim, 22,000 BALL BEARING TYPES, SIZES AND SPECIFICATIONS 
ipsa available with advanced design integral seais 


ka 


NEW LAND-RIDING 
SEAL (Crimped) 
Efficient single-lip seal protects 
against moist or dry contami 
nants. Retains bearing lubricant 
for life. For farm implement discs 
idier pulleys, automotive prope! 
ler shafts and rear wheels. Avai| 


able with metal trash guards 





NEW SENTRI-SEAL 
N/D’s most versatile seal... 
available in most single row, 
non-loading groove and small 
double row N/D ball bearings. 
N/D Sentri-Seals are recom 
mended for general applications 
where moderate to severe con- 
taminant conditions exist. 





NEW TRIPLE-LIP SEAL 
Used where moist and dry con- 
taminant conditions are 
extremely severe. Seal elimi- 
nates relubrication mainte- 
nance. It's available in N/D 
square and round bore ball 
bearings with either spherical 
or cylindrical 0.D.s. 


Replacement Ball Bearings Available Through United Motors Service And Its Authorized Bearing Distributors 


NEW DOE PART URE 


DIVISION OF GENERAL MOTORS CORPORATION, BRISTOL, CONNECTICUT 
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NEW ARMOR-GARD SEAL 


Resistant to trash winding and 
abrasion, Armor-Gard seals are 
extremely effective under varied 
field conditions. Here’s a highly 
efficient, low torque, molded 
synthetic rubber seal which is 
bonded to and protected by 





a heavy-duty steel shield. 


NEW LAND-RIDING SEAL 
(Pressed) and SENTRI-SEAL 
Exclusive heavy-duty conveyor 
ball bearing and seal combina- 
tion. Especially resistant to moist 
contaminant penetration. Land- 
Riding Seals (pressed) are a!so 
available for many farm imple- 
ment bearings. 








QUALITY . . . The assurance that the second or two 
hundred and second SEALMASTER Ball Bearing Unit 
you buy will be as precision-perfect as the first. A 
combination of exclusive engineering features and 
scientifically-controlled production have made the 
rame SEALMASTER synonymous with quality through- 
out industry. 


PERFORMANCE . . . more hours of efficient power 
transmission and precision service from every SEAL- 
MASTER Ball Bearing Unit. 


ECONOMY .. . more for your bearing purchasing 
dollar. SEALMASTER quality and performance contin- 
ves to pay dividends long after the original purchase. 





AVAILABLE IN A COMPLETE 


SEALMASTER. PAN 


Normal-Standard 
Medium Duty 
PILLOW BLOCKS 


QUALITY ENGINEERED LINE 


Standard 
Medium Duty 
FLANGE UNITS 


FLANGE 
CARTRIDGE 
UNIT 


SEALMASTER BEARINGS A Division of STEPHENS-ADAMSON MFG. CO., 18 Ridgeway Avenue, Aurora, Illinois 


PLANTS IN: CLARKSDALE, MISSISSIPPI @ LOS ANGELES, CALIFORNIA @ BELLEVILLE, ONTARIO @ MEXICO CITY, D. F. 
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PRODUCT D:RECTORY 


BARDEN PRECISI 


If your product needs bearings with close mounting 
tolerances, high geometrical accuracy, low torque or 
low vibration . . . if it operates at high speeds or high 
temperatures ... specify Barden Precision. 


N BALL BEARINGS 


For less difficult applications, the consistent quality, 
predictable performance and reliability of Barden 
Precision ball bearings can cut your assembly time, 
rejection rates and teardown costs. 


For gear trains: Barden standard low torque bearings with 
closely controlled radial play and low eccentricity assure minimum 
backlash. Precision flanges provide accurate positioning surfaces 
and permit through-boring, eliminating the need for housing 
shoulders and reducing manufacturing and assembly costs. Sizes 
from .1562” to .8750” O.D. 


For tools, aircraft and missile accessories, and other high 
speed applications: Barden “T” retainer bearings with high load 
capacity and long, trouble-free life. Double shielded, grease lub- 
ricated “T” retainer bearings have operated more than 6,000 hours 
at 80,000 RPM. Sizes from .5000” to 3.3465” O.D. 


For synchros: Volume produced precision hearings with 
extra-large outer rings designed to serve as end caps, 
thereby reducing synchro complexity and cost and increas- 
ing air gap accuracy. Barden-developed synchro bearings 
have closely controlled radial play and minimum eccentricity 
to meet tight air gap specifications. Sizes from .3750” to 
2.0000” O.D. 


For gyro rotors: Barden special design end-bell bearings to in- 
crease accuracy and reduce assembly cost of miniature gyros. 
Bearings become part of spin mass and serve as end caps for 
wheel assembly, reducing mating part errors and improving square- 
ness, concentricity and overall accuracy. Sizes from .615” to 
1.016” O.D. Also other standard and special types including in- 
ertial gyro bearings with 20-microinch tolerances. 


For memory drums, high precision spindles and other low run- 
out applications: Barden duplex pairs with extremely low eccen- 
tricity and non-repetitive runout. Matched pairs with accurately 
controlled preload provide high load capacity, smoothness and 
long life along with radial and axial rigidity. Sizes from .3125” to 
3.3465” 0.D., deep groove or angular contact. 





Major manufacturers of instruments, mechanical 
components, computers, spindles and aircraft acces- 
sories regularly specify Barden Precision ball bear- 


For gyro gimbals and other torque-sensitive devices: 
Barden “W" retainer reduces torque peaks and eliminates 
retainer lock. “W”" retainer bearings save one gyro manufac- 
turer $100 per unit by reducing costly teardown. Sizes from 
.1562” to .6250” O.D. Also other standard and special design 
gimbal bearings, including the Barden Dynamic Bearing 
with near-zero torque. 


To specify Barden Precision ball bearings—proto- 
type, pilot run or large volume production —ask for 
a Barden sales engineer to give you on-the-spot 


ings for high performance mechanisms. 


assistance, or write for Catalog C-3. 


for reliability... specify 


BARDEN fi PRECISION BALL BEARINGS 


THE BARDEN CORPORATION, 208 Park Ave., Danbury, Conn. - Pioneer 3-9201 
Western Office: 3850 Wilshire Bivd., Los Angeles 5, Calif. - OUnkirk 5-O0G4 
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1—BALL BEARINGS 


NEW POLYPHONIC ANALYZER 
probes ball bearing noise in electric motors 


In the double-celled acoustic chamber above, electric motor 
bearings are analyzed under operational conditions. An elec- 
tric motor is run inside the split, acoustically-insulated cham- 
ber. In each cell, sound from the running motor is picked up 
by sensitive microphones, measured for noise level, then 
tape-recorded stereophonically. When the stereo tapes are 
played back and analyzed for frequency content, it’s possible 
to pinpoint the cause and source of noise in a motor, and to 
eliminate it through design changes in either the bearings or 
the motor itself. 


This BCA-developed bearing research tool is being used to 
test bearings . . . evaluate bearing lubricant formulations. . . 
check the value of varying metal combinations . . . determine 
ideal surface finish and contour of bearing raceways and balls. 


BEARINGS COMPANY ae 
OF AMERICA 
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In the Temperature-Humidity-Controlled Instrumentation 
Room at BCA, this and other specially designed devices test 
BCA bearings for use under conditions often identical to 
operating conditions specified by the customer. The result: 
BCA bearings which meet or exceed performance specifica- 
tions on the equipment for which they are designed. 


There’s a complete BCA line of ball bearing sizes and types 
for almost every kind of industry . . . automotive, earth- 
moving, agricultural, for example. This, plus BCA’s extensive 
new research, testing and production facilities, assure bearing 
users of a dependable source of durable ball bear- 
ings to meet almost any need. For information, 
write Bearings Company of America, Division of 
Federal-Mogul-Bower Bearings, Inc., Lancaster, Pa. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 


bearings 
BEARINGS, INC. 





PRODUCT DIRECTORY 
A New Concept in design... 


A Wider Scope of Application Possibilities around a solid 
Cy) inner raceway 
with deep, burnished 
HEIM © ball grooves 
BALL BEARINGS © HEIM 
: puts a full 


complement 
of balls 


and fits a solid outer, 


ean ©o@ grooved raceway 
>» around the row of 


balls to make a bearing 
with fewer parts to give 
longer life at increased 
radial and thrust load 
Capacities. 


From the miniature series, (.1250 o.d.) to the “H” series, 

(2.4409 o.d.) there are bearings with inch as well as metric 

dimensions, extremely narrow widths, small diameters, dou- 

ble row types, plain or flanged outer members, and a wide 

variety of special designs. H 
SERIES l 


MINIAT 
URE SERIES DIMENSIONS: 


DIMENSIONS: 0.D. (D) 1.1811 to 2.4409 
0.D. (D) .1250 to .3750 Bore (B) .3937 to 1.1811 

Bore (B) .0400 to .2500 | | Width (W) .3543 to .6299 
Width (W) .0469 to .1250 

This miniature can be supplied , ke i 

with extended inner races. : ed 


Materials can be 440 S.S., high carbon chrome or others. 
Also made with single or double shields. 
he ae The Heim method of bearing manufac- 
ture adapts readily to the production of 
R SERIES special forms for bearings where volume 
warrants. 
DIMENSIONS: 
0.D. (D) 44” to 2” 
Bore (B) 3," to 1” 
Width (W) 5, to ye" . SS 
The outer ring of this bearing is 2.1250 0.d., has the 
geat teeth cut to specifications, is completely sealed on 
both sides, and ready for assembly into finished product. 


RF SERIES 


DIMENSIONS: 

0.D. (D) 54” to 2” 

Bore (B) (," to 1” 

Width (W) ¥," to 4” 
Raceways are deep carburized and hard- 


ened. Close, integral labyrinth seals may 
be had on one or both sides. Send for catalog. 


For standard ball bearing sizes, see your bearings distributor. For special designs or applications, write or call for engineering assistance. 


Mfd By THE HEIM COMPANY 
T 
P 


am Se =| wi Se oe CON N E C I 
for UNIVERSAL BEARING CORPO 


Circle B-10 on Page 137 Macuine Desicn—Tue Bearincs Boox 





Smaliest, Fiercest of mammals, the 
mole-like, fractional-ounce shrew con- 
sumes several times its own weight of 
insects daily — may even kill and eat mice 
many times its own size. In fact, this little 
lightweight is so formidable that its name 
has been adapted to classify certain 
human traits; for example, ‘‘shrewish” 
and ‘'shrewd”™. 


Miracles in 
Instrumentation 


ACTUAL SIZE OF THE “PR BEARINGS @ 


IN ACTUATOR SHOWN ABOVE 


1961 Edition 


ideal For Missiles and other space- 
saving applications, this tiny rotary actua- 
tor meets military specifications for high 
speed torque. Measuring 2%” x 2%” x 
1%” it is 50% smaller, weighs 50% less, 
than its predecessor. MPB bearings, first 
selected as shaft supports for special 
models, proved so satisfactory that they 
are now specified on standard models. 


Man With Miracles. Like all MPB 
Sales Engineers, Ray Sparks has had con- 
siderable experience in helping designers 
choose exactly the right MPB bearings for 
best results in miniaturization or in instru- 
mentation — or in both. He is well qualified 
to bring expert advice to your own product 
development and solution of problems in 
these fields. 


Specialized customer service is one of the most valued features of 
MP8 engineering. In addition to developing new precision bearings for miniature 
and precision applications, the news-making MPB Technical Center at Keene 
provides customers with constant teamwork in the development of modern 
mechanisms. For details about MPB service—and for a catalog on MPB bearings, 
the world's largest line — write to Miniature Precision Bearings, Inc., 


83 Precision Park, Keene, N.H. 


MEB Helps you perform 
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PRODUCT DIRECTORY 


Rotate - Connect « and 
Drive with Mono-Race 





a complete, integral connection package 


The Mono-Race ball-bearing connection does 
three jobs—not one. 


1. It is a load-bearing member that rotates 
smoothly and easily. 


2. An outstanding connection that eliminates 
adjustment, maintenance and lubrication 
problems of king pin and roller designs. 


3. A gear drive component with integral cut 
teeth on either inner or outer ring. 


MONO 


TRADE 


Custom design or standard. All Mono-Race con- 
nections are completely designed and built at Thew. 
They can be made to your most precise specifications— 
and there is a wide range of sizes and types, as standard, 
available to fill many requirements. 

Field tested for over 10 years. Thew has been using 
Mono-Race design connections (called Shear-Ball®) in 
Thew’s line of heavy-duty power shovels and cranes for 
over 10 years. Service has been excellent. 


12” to 144” ring diameter. Ball sizes from 1” to 4” 
are available. Write for more details and standard di- 
mensional specification index and rating chart to help 
you select the Mono-Race you need. 


RACE DIVISION 


MARK 


The Thew Ghovel Company. Lorain. Ohio 
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“...NEW MANUAL 
EXPANDS INFORMATION ON 


MINIATURE & INSTRUMENT 
BALL BEARINGS...”’ 


By GEORGE HAMPSON, Vice President-Sales, 
New Hampshire Ball Bearings, Inc. 


“.., this ‘Design & Purchasing Manual’ replaces the first- 
of-its-kind ‘Technical Data and Catalog’ book NEW 
HAMPSHIRE published in 1957. As the ‘Technical Data’ 
(black cover) was then, we believe the ‘Manual’ (green 
cover) is now, the most complete source of information on 
miniature and instrument bal] bearings in print. About 50 
pages larger than the old book, the ‘Manual’ was expanded 
that much to include information developed since 1957 on 
ordering, maintaining, fitting, lubricating and testing mini- 
ature bearings.” 


QUALITY — AND ASSURANCE 


“The significance of ABEC Class 7 tolerances to running 
quality of instrument bearings is covered in one section with 
a brief, to-the-point explanation of how improved bearing 
geometry helps the design and quality control engineer. A 
pictures-and-words story describes NEW HAMPSHIRE'’s 
Quality Assurance by which this high standard for mini- 
ature bearings is maintained in production. The equipment 
used, and how used, is fully described. Testing geometry 
and finish, cleaning and lubricating, functional testing of 
bearings, and metal research are some of the subjects 
covered.” 


EASY-TO-READ TABULATIONS 


“An even easier-to-read tabulation form is used to list NEW 
HAMPSHIRE Bearings in Bore/OD/Width sequence for 
quick identification and selection when ordering or writing 
specifications. Three hundred seventy bearings are so listed, 
including NEW HAMPSHIRE wafers, the narrowest 
shielded retainer bearings possible for given Bore/OD com- 
binations, and developed especially for manufacturers of 
synchros, servos, small motors, potentiometers, miniature 
gear trains, and other products where space-for-bearings 
is a problem.” 


1961 Edition 


1—BALL BEARINGS 


DESIGN 


Hasina 


MANUAL 


~~ 


BEARING NUMBERS EXPLAINED 


“The ‘Design & Purchasing Manual’ includes a section on 
Designation, Packaging and Marking in which NEW 
HAMPSHIRE Bearing number symbols are explained, 
methods of packaging available from NEW HAMPSHIRE 
are described, and materials identification codes listed. 
Study of this section can work savings of money and time 
by minimizing the necessity of returning mistake-ordered 
bearings. In addition, simple HOW TO ORDER instructions 
are included on every page of bearing tabulations. 

A Table of Weights is provided to assist those responsible 
for systems design and planning to compute weights of 
the NEW HAMPSHIRE Bearings specified and included.” 


ENGINEERING BULLETINS EXPANDED 


“The Engineering Bulletins have been expanded and brought 
up-to-date to inform designers, engineers and quality control 
personnel of the latest developments related to Lubrication, 
Load Ratings, Fits, Speed, and other factors affecting per- 
formance and life of instrument bearings. There are now 22 
Bulletins on as many subjects, including the two most re- 
cently developed, Duplex Bearings, and Bearing Roundness 
—one hundred seventeen pages of technical information on 
miniature and instrument ball bearings compiled and writ- 
ten by Bearing Engineers.” 


REGISTERED COPIES AVAILABLE 


“The ‘Design & Purchasing Manual’ should be in the library 

of every designer, draftsman and buyer specifying or pur- 
chasing miniature and instrument ball bear- 
ings. Each copy is registered to its recipient. 
Your name and title sent to us on your 
company letterhead will bring your copy to 
you by return mail.” 


NEW 
HampsHine / BALL BEARINGS, INC. 


PETERBOROUGH, N.H. 
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PRODUCT DIRECTORY 


A. Standard radials of different dimensions, capac- . . « Single or double shields, felt seals, Mechani- 
ities, all with the same size bore. B. Basic types: Seals (slinger type), Plya-Seals (contact type). 
non-filling slot and filling slot. C. Sealed and shielded Also, seal-and-shield combinations. 


For design flexibility... 
FAFNIR BALL BEARINGS 


MADE In 
You can meet virtually any design precision and high precision classes. uw. S.A. 
ZA 


requirement with Fafnir’s all-in- Write for Catalog 56. The Fafnir = This stamp on 


a Fafnir Bali 


clusive line of ball bearings. Over Bearing Company, New Britain, auact aauee ana 
10,000 types and sizes in standard Connecticut. ‘campouena 
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YES, the bearings illustrated are identical, 
except for degree of precision. Because of the 
precision differences, there is a substantial 
difference in cost . . . NICE can provide bear- 
ings incorporating any degree or combina- 
tion of precision features between the higher 
priced “ground all over” series 1600 and the 
low cost “unground” series 3000. 

ARE YOU PAYING FOR MORE PRECISION 
THAN YOUR BEARING APPLICATION RE- 
QUIRES? The specific requirements of your 
particular application should determine the 


precision features of the bearing you use. 
Typical “ground all 


over” series 1600 
\ “precision” bearing. 


Typical “unground 


. \ series 3000 “preci- 

COST REDUCTION - type” bearing. 

is Today’s No. 1 \\7 et 
is Today's No. a 

© »% — an 

Design Problem ) ~~ 

LL 

..-and NICE _ 


) 


A) \ 


z 


Can Help ene” 
Lower Costs! PRODUCT DESIGNERS will find many cost-saving ad- 


vantages in the use of NICE PRECISION, SEMI-PRECI- 
SION and UNGROUND BALL BEARINGS. Experienced 
NICE Engineers can not only help in the selection of 


the proper standard bearing, but can design “exactly 
right” special bearings to meet particular application 


WRITE FOR requirements, 
CATALOG NO. 190 . 


NG COMPANY 


NICETOWN PHILADELPHIA: PENNSYLVANIA 
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PRODUCT DIRECTORY 
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WORLD’S 
THINNEST 


large bore Reali-Slim 

bearings only %” 

thick designed and | 
ade by Kaydon. 





se tied 


Our specialty... solving the world’s 
toughest bearing problems 


When stock bearings “won't do”... 
KAYDON special bearings “will” 
Standard bearings often aren’t ade- 
quate when you run up against a 
combination of limitations involving 
bearing capacity, size, weight, con- 
figuration, material and price. 

Solve these problems with Kaydon 
special bearings—specifically de- 
signed and precision-manufactured 
to do extraordinary jobs. 


i), 


*MUSKEGON, MICHIGAN 


All types of ball and roller bearings — 4° inside diameter to 178” outside diameter . . 
Roller Thrust + Roller Radial « Needle Roller « Ball Radial + Bail Thrust *« Four-Point Contact Bearings 


Kaydon special bearings offer you 
wide opportunities for compact de- 
sign that may reduce the size of the 
equipment you need — providing 
substantial savings. 

Kaydon builds your special bear- 
ings with close-tolerance precision, 
exceptional thrust or radial capacity 
... out of special metals or materials. 

Don’t penalize performance, or 
rule out new concepts in design, with 
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stock bearings that “won’t do.” Call 
on Kaydon’s long experience in de- 
sign of special bearings that will 
solve your toughest problem. 


eeeeeoeeeeeeeeeeeeeeeeeee 


Available! Reali-Slim type “CP” bear- 
ings off-the-shelf in 90 sizes with Con- 
rad deep-groove, ball-radial construction 
...and new one-piece snapover bronze 
separator in 4” to 12” bore — \%” to 
1” width and cross section. 


eeeeeeeeeeeeeeeeeeeeen eee 


K-611 


L 


World’s highest capacity, 
lowest cost needle bear- 
ings (22 sizes availabie). 
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VERS {6}LINE 


ST” 


PRE-VALUE ANALYZED 


for your product 


Hartford's Vers-O-Line is constantly expand- 
ing to meet the demand of value analysts 
for one economical unit to replace several 
more costly integral parts. Instead of speci- 
fying more costly precision bearings explore 
the possibilities of Vers-O-Line. Hartford en- 
gineers can help your design engineers by 
recommending or adapting a bearing from a 
wide variety available in stock or can im- 
agineer a new design to meet your product 
specification that can be produced to effect 
substantial savings. Types of Hartford bear- 
ings in Vers-O-Line include: 


RADIAL .. M-Series 
RADIAL .. Conrad Loaded 
RADIAL .. Fu/l/ Complement 
THRUST 


VERSA-TWIN .. Twin Row 


TYPICAL EXAMPLE 


Before —Six separate parts, expensive bearings and 
costly to assemble. 


After—One complete economical assembly, reduced 
parts, maximum stability. 


fees cee cu cue Gu Gu Ge ae Ge Ge ee oe Oe ee ee oe oe ee oe ee ee 


Write for comprehensive technical literature containing 
case history applications and helpful bearing ideas. 


Hartiord Stee! Ball Company, 91 Jefferson Ave., West Hartford, Conn. 
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NYLON TIRE 
RUBBER TIRE 
STAINLESS STEEL 


ee AVAILABLE WITH EITHER HOLE OR 
RIVET 


@ ALL BEARINGS AVAILABLE WITH RUBBER TIRE OR 
NYLON CAPPED 
Wianram Stevexson 


“so CLRARVIOW AvENOE. TeevouE weDaNTS. A. * Biewoed 10888 
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NEED INFORMATION ON 
COMMERCIALLY AVAILABLE 
BEARINGS & BEARING MATERIALS? 
USE a 
READER SERVICE CARD 





LLM LLL PUTT tt CUE EEL 


HDA TL 


page 137 


Simply circle the Item Numbers relating to 
the advertised products you're interested in; fill 
in your name, title and company address; and 
drop it in the mail, (No bother, you see: it’s 
already addressed to us, and the postage is 
paid.) Then, within 48 hours after we get 
your card, MACHINE DESIGN’s speedy proc- 
essing service will get your request off to ad- 
vertisers. 


||| DESIGN: 


A PENTON PUBLICATION CLEVELAND 13, OHIO 
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1—BALL BEARINGS 


THERE’S A hoover quality BEARING 
FOR ANY LOAD-LIFE REQUIREMENT 


This chart represents 
relative life, in 
hours, of various 





types of bearings 
in comparable se- 
ries and size based 
on uniform speed 
and load. 








Hoover’s exceptionally wide range of bearing 
types provides performance characteristics needed 
for practically any application . . . from high speed 
intermittent duty to prolonged life under heavy, 
constant load conditions. 


Sizes range from tiny %” outside diameter R 
Series to giant 36” spherical roller bearings. Most 


types are available with snap rings, shields, seals 
or shield and seal combinations. 


Outstanding Hoover Quality . . . Micro-Velvet 
balls and Hoover Honed raceways in ball bearings, 
Super Finish raceways and rollers in roller bear- 
ings, plus other exclusive features . . . assure supe- 
rior performance. For information contact your 
Hoover bearing specialist or mail the coupon to us. 


Micro-Velvet, Hoover Honed and “Super Max" are Hoover Trademarks. 


potcccrcnrnr nr 


hoowe»nr 


BALL AND BEARING COMPANY 


5400 South State Road, Ann Arbor, Michigan 
Zone Soles 8581 South Chicego Ave., Chicago 17, illinois 
Offices and 290 Lodi Street, Hackensack, New Jeney 
Warehouses | 2020 South Figueroa, Los Angeles 7, California 
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Hoover Ball and Bearing Company MD-3 
5400 South State Rood, Ann Arbor, Michigan 

Please send information on the following Hoover bearings: 

Deep Groove [J “Super Mox” Double Row [) 

Cylindrical Roller (1) Spherical Roller (] 

Hove Soles Representative Cail () 


Nome 


Compony_.__ 
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and Needle 
Bearings 





ROLLER bearings usually consist of four principal parts: An inner ring 
or race, an outer ring or race, a roller complement, and a roller sepa- 


rator or spacer. 


Because roller bearings do not operate on the point-con- 


tact principle of ball bearings, they have greater ability to carry shock and 


impact loads than ball bearings. 


But, due to greater friction between 


rollers, roller bearings are limited to lower speeds. 

Needle bearings resemble roller bearings, although the characteristics 
are quite different. Needle bearings have no cage or separator retaining the 
individual rollers. Thus, they are primarily used where high load-carrying 
capacity within a small radial dimension is required. 


Cylindrical Roller, Radial 


Radial cylindrical roller bearings con- 
sist of a complement of cylindrical ele- 
ments rolling between two concentric an- 
nular surfaces that are parallel to the axis 
of rotation. Generally, the rollers have a 
length approximately equal to their diam- 
eter. These bearings have greater shock- 
load capacity and radial rigidity than do 
ball bearings. 

A letter code and bearing-bore dimen- 
sions (where available) follow each com- 
pany listing to designate bearing type and 
size. Capita! letters denote that the bear- 
ing is a standard item; lower-case letters 
indicate that it is a special item. 


Nonlocating, Single Row 























RAB RUP 
Both rings separable (A,a) 


tow 


RM RN,RIN RR 


my 


RU, RIU 
One ring separable (B,b) 























ne.nn fff 


Nonseparable (C,c) 


= 


Fractured or two-piece races (D,d) 


American Ball Bearing Co., 70 Flushing 
Ave., Brooklyn 5, N. Y. 
C, 0.7874-4.2244 in. 


American Koyo Corp. 60 Broad St., 
Seattle, Wash. 
B, 20-260 mm 


American Roller Bearing Co., 416 Melwood 
Ave., Pittsburgh 13, Pa. 
A, a, 80-500 mm 
B, b, 80-500 mm 
C, c, 80-500 mm 


Ann Arbor Bearing & Mfg. Co., 815 Wildt 
m, Ann Arbor, Mich. 
a, b,c 


Bearing Service Co., 4650 Baum Blvd., 
Pittsburgh 13, Pa. 
a, 110-400 mm, 4.50-16 in. 
b, 110-400 mm, 4.50-16 in. 
c, 110-400 mm, 4.50-16 in. 
d, 110-400 mm, 4.50-16 in. 


C. S. Card Iron Works Co., P. O. Box 117, 
Denver 1, Colo. 
a, 0.750-3.00 in. 


Cooper Split Roller Bearing Corp., Box 526 
Locust St., Carnegie, Pa. 
D, 1.1875-24 in. 


deGroh Beari Co., 467 W. 3ist St. 
Chicago 16, ill. 
a, b, co, d 


Federal-Mogul-Bower a" J Inc., Bower 
Roller Bearing Div., 40 Hart Ave., 
Detroit 14, Mich. 

B, 10-305 mm 
C, 10-305 mm 


(See Ad, Page 189) 


General Motors Corp., Hyatt Bearings 
Div., 427 Middlesex St., Harrison, N. J. 
B, 10-320 mm 
C, 10-320 mm 

(See Ad, Page 176, 177) 


Hoover Ball & Bearing Co., 5440 S. State 
Rd., Ann Arbor, Mich. 
A, 20-150 mm 
B, 20-150 mm 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

b, 0.25-50 in. 


Joy Ball Bearing Corp., 4538 W. Fulton 
St., Chicago 24, Ill. 
A, a, 50-635 mm, 2-25 in. 
b, 50-635 mm, 2-25 in. 
c, 50-635 in., 2-25 in. 


The Kaydon Engineering Corp., Muskegon, 
Mich. 


A, a, 100-5000 mm, 4-178 in. 
B, b, 100-5000 mm, 4-178 in. 
C, c, 100-5000 mm, 4-178 in. 


L & S Bearing Co., P. O. Box 995, Okla- 
homa City 1, Okla. 
C, 25-30 mm 


Marlin-Rockwell Corp., 402 Chandler St., 
— N. Y. 
, 10-250 mm 


McGill ~~ 909 N. Lafayette, Val- 


Messinger Bearings Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 
a, 2.5-150 in. 
b, 2.5-150 in. 
ce, 2.5-150 in. 
(See Ad, Pages 190, 191) 


New Hampshire Ball Bearings Inc., Peter- 
borough 1, N. H. 
c, 0.4724-0.8661 in. OD 


Norma-Hoffmann Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 
B, 10-280 mm, 0.625-12 in. 
C, 17-75 mm 


Parkersburg-Aetna Corp., Aetna Ball & 
Roller Bearing Co. Div., 4600 Schubert 
Ave., Chicago 39, Ill. 

B, 25-200 mm 
C, 25-200 mm 
(See Ad, Page 193) 


Roller Bearing Co. of America, Sullivan 
Way, West Trenton, N. J. 


a 
B, 20-150 mm 
(See Ad, Page 179) 


Rollway Bearing Co. Inc., 541 Seymour 
St., Syracuse 4, N. Y. 
A, 20-320 mm 
B, 20-320 mm 
C, 20-200 mm 
(See Ad, Page 184) 
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2—ROLLER AND NEEDLE BEARINGS 


greatest 
variety 


lets you select the housing that’s best 


Why use costly specials? Why substitute? With 
Shafer-Rex you can select the one housing that's 
best for your specific requirements. 


The Shafer-Rex line of mounted roller bearings 
is the most complete in the industry. You can select 
from a variety of housing styles—each available 
with normal-duty, heavy-duty and adapter bearings. 


And, style for style, Shafer-Rex saves space. It 


fits into the tight spots, allowing you maximum 
freedom of design. 
In addition, a Shafer-Rex Self-Aligning Bearing 
assures long life: eliminates additional wear and 
stress of misalignment; takes severe shock and 


loading safely; takes thrust loads without strain 
or binding. 
Write CHAIN Belt Company, 4643 W. Greenfield 


Ave., Milwaukee 1, Wis. In Canada: Rex Chainbelt 
(Canada) Ltd., Toronto and Montreal. 


® SELF-ALIGNING 
ROLLER BEARINGS 


1961 Edition Circle B-21 on Page 137 





PRODUCT DIRECTORY 





SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
B, 25-150 mm 


Stearns-Stafford Inc., 
ich. 
A, a, 70-560 mm 
B, b, 70-560 mm 
C, ¢, 70-560 mm 


The Torrington Co., P. O. Box 118, Tor 
rington, Conn. 
B, b, 100 mm-155.0 in. 


(See Ad, Page 194) 


Zubler Bearing Corp., 204 Osborn St., 
Philadelphia 28, Pa. 
1.5-15 in. 
1.5-15 in. 
1.5-15 in. 


Packer Ave., Lawton, 


One-Direction Locating, Single 
Row 


RAA RJP 


Both rings separable (A,a) 


yo 


RF, RIF RJ 





One ring separable (B,b) 


o 8 


Nonseparable (C,c) 


American Koyo Corp, 60 Broad St., 
Seattle, Wash. 


B, 20-260 mm 


American Roller Bearing Co., 416 Mel 
wood Ave., Pittsburgh 13, Pa 

A, a, 80-500 mm 

B, b, 80-500 mm 

C, c, 80-500 mm 


Ann Arbor Bearing & Mig. Co., 815 Wildt 
St.. Ann Arbor, Mich. 
a, bc 


Bearing Service Co., 
Pittsburgh 13, Pa. 
a, 110-400 mm, 4.50-16 in 
b, 110-400 mm, 4.50-16 in. 
c, 110-400 mm, 4.50-16 in 


deGroh Bearing Co., 467 W 
Chicago 16, Ill. 
a, bc 


4650 Baum Blvd., 


Sist St., 


Federal-Mogul-Bower Bearings Inc., Bower 
Roller Bearing Div., Hart Ave., 
Detroit 14, Mich. 

B, 10-305 mm 
C, 10-305 mm 
(See Ad, Page 189) 


General Motors Corp., Hyatt Bearings 
Div., 427 Middlesex St., Harrison, N. J. 
B, 10-320 mm 
C, 10-320 mm 

(See Ad, Page 176, 177) 


Hoover Ball & Co., 5440 S. State 
Rd., Ann Arbor, Mich. 
B, 20-150 mm 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

b, 0.25-50 in. 


Joy Ball Bearing Corp., 4538 W. Fulton 
St., Chicago 24, Ill. 
A, a, 50-635 mm, 2-25 in. 
b, 50-635 mm, 2-25 in. 
c, 50-635 mm, 2-25 in. 


The Kaydon Engineering Ccrp., Muske- 
gon, Mich. 
A, a, 100-5000 mm, 4-178 in. 
B, b, 100-5000 mm, 4-178 in. 
C, c, 100-5000 mm, 4-178 in. 


Marlin-Rockwell Corp., 402 Chandler St., 
ery N. Y. 
. 10-250 mm 


McGill Mfg. Co., 909 N. Lafayette, Val- 


(See Ad, Page 192) 


Messinger Bearings Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 
a, 2.5-150 in. 
b, 2.5-150 in. 
2.5-150 in. 
(See Ad, Pages 190, 191) 


Norma-Hoffmann Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 
B, 17-150 mm 


Parkersburg-Aetna Corp., Aetna Ball & 
Roller Bearing Co. Div., 4600 Schubert 
Ave., Chicago 39, Ill. 

B, 25-200 mm 
C, 25-200 mm 
(See Ad, Page 193) 


Roller Bearing Co. of America, Sullivan 
Way, West Trenton, N. J. 


a 
B, 20-150 mm 
(See Ad, Page 179) 


Rollway Bearing Co. Inc., 541 Seymour St. 
Syracuse 4, NY. 
A, 20-320 mm 
B, 20-320 mm 
C, 200 mm 
(See Ad, Page 184) 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
B, 25-150 mm 


Stearns-Stafford Inc., Packer Ave., Lawton, 
ich. 
A, a, 70-560 mm 
B, b, 70-560 mm 
C, c, 70-560 mm 


The mony on Co., P. O. Box 118, Tor- 


o nn. 
100 mm-155.0 in. 
(See Ad, Page 194) 


Zubler Bearing Corp., 204 Osborn St., 
Philadelphia 28, Pa. 
a, 15-15 i 
b, 1.5-15 in. 
ec, 1.5-15 in. 


Two-Direction Locating, Single 


Row 


oS 


RP, RIP 
One ring separable he 


ncanic fH 


Nonseparable (B,b) 


= 


Fractured or two-piece races (C,c) 


American 


Corp., 60 Broad St., 
_— wae 


American Roller Bearing Co., 416 Mel- 
wood Ave., Pittsburgh 13, Pa. 


A, a, 80-500 mm 
B, b, 80-500 mm 


Ann Arbor Bearing & Mfg. Co., 815 Wildt 
a Arbor, Mich. 
a, Db, c 


Beari Service Co., 4650 Baum Blvd., 
Pittsburgh 13, Pa. 
a, 110 mm, 4.50-16 in. 
b, 110-400 mm, 4.50-16 in. 
c, 110-400 mm, 4.50-16 in. 


oe Split Roller Bearing Corp., Box 
526 Locust St., Carnegie, Pa. 
C, 1.875-24 in. 


Federal-Mogul-Bower Bea 
Roller Bearing Div., 
Detroit 14, Mich. 
A, 10-305 mm 
(See Ad, Page 189) 


General Motors Corp., Hyatt Bearings 
Div., 427 Middlesex St., Harrison, N. J. 
A, 10-320 mm 

(See Ad, Page 176, 177) 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 


Joy Ball Bearing Corp., 4538 W. Fulton 
St., Chicago 24, Ill. 
A, a, 30 mm, 2-25 in. 
b, 50-635 mm, 2-25 in. 


The Kaydon Engineering Corp., Muske- 
gon, Mich. 
A, a, 100-5000 mm, 4-178 in. 
B, b, 100-5000 mm, 4-!78 in. 


McGill Mfg. Co., 909 N. Lafayette, Val- 


Inc., Bower 
Hart Ave., 


(See Ad, Page 192) 


Messinger D Si. above Erie 
Ave., Philadelphia 1 Pa. 
a, 25-150 in. 
b, 2.5-150 in. 
(See Ad, Pages 190, 191) 


Norma-Hoffmann Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 


A, 10-280 mm 
B, 17-100 mm 
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Parkersburg-Aetna Co; Ball & 
Roller Co, Div, 4600 4600 Schubert 
Ave., Chicago so ml. 

A, 2- mm 


(See Ad, Page 193) 


Roller Bearing Co. of America, Sullivan 
ie West Trenton, N. J. 


(See Ad, Page 179) 


Bearing Co. a 541 Seymour 
yracuse 4, N. 
90300 mm 


(See Ad, Page 184) 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
a, 50-140 mm 


Stearns-Stafford Inc., Packer Ave., Lawton, 
Mich. 
A, a, 70-560 mm 
B, b, 70-560 mm 


The Torrin a Co., P. O. Box 118, Tor- 
rington, 
A, a, 100 mm- m.155.0 in. 
(See Ad, Page 194) 


Zubler Bearing Corp., 204 Osborn S 
Philadel hia 28 Pa. ping: 
a, 15-1 
b, 1.5-15 in. 


— ra 


Multiple Row 


20) «3 














“6G - a 


Double row (A,a) 


” a 


RV DATA TAH 
More than two rows (B,b) 


American Koyo Corp. 60 Broad St. 
Seattle, Wash. 
A, 25-480 mm 


American Roller Bearing Co., 416 Mel- 
wood 13, Pa. 


A, a, 80-500 mm 


Ann Arbor Bearing & Mfg. Co., 815 Wildt 
os Ann Arbor, Mich. 


Bearing Service Co., 4650 Baum Blvd., 
Pittsburgh 13, Pa. 
a, 110 mm, 4.50-16 in. 
b, 110-400 mm, 4.50-16 in. 


deGroh Bearing Co., 467 W. 31st St., Chi- 
cago 16, Ill. 
a, b 


General Motors Corp., Hyatt Bearings 
Div., 427 Middlesex St., Harrison, N. J. 
A, 25-320 mm 

(See Ad, Page 176, 177) 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

b, 0.25-50 in. 


Joy Ball Bearing Corp., 4538 W. Fulton 
St., Chicago 24, Ill. 
a, 50-635 mm, 2-25 in. 
b, 50-635 mm, 2-25 in. 


1961 Edition 


The Kaydon Engineering Corp., Muske- 


on, " 
i a, 4-178 in. 
B, b, 4-178 in. 

McGill 5 a 909 N. Lafayette, Val- 


(See Ad, Page 192) 


Messinger Beari Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 
a, 2.5-150 in. 
b, 2.5-150 in. 
(See Ad, Pages 190, 191) 


Norma-Hoffmann Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 
A, 30-1060 mm 

Roller Bearing Co. of America, Sullivan 
Way, West Trenton, N. J. 


(See Ad, Page 179) 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
A, 25-240 mm 
B, 130-1450 mm 

Stearns-Stafford Inc., Packer Ave., Lawton, 
Mich. 

A, a, 70-560 mm 
B, b, 70-560 mm 

The Torrington Co., P. O. Box 118, Tor- 

rington, nn. 
a, mm-86 in. 
(See Ad, Page 194) 


Self-Aligning Roller, Radial 


Self-aligning radial roller bearings com- 
pensate for misalignment resulting from 
deflections of mounting components, and 
for inaccuracies in machining shafts and 
housing seats. The majority of self-align- 
ing radial roller bearings are designed 
with two rows of rollers. 

A letter code and bearing-bore dimen- 
sions (where available) follow each com- 
pany listing to designate bearing type and 
size. Capital letters denote that the bear- 
ing is a standard item; lower-case letters 
indicate that it is a special item. 


oo 


RCS,RIS 
miitas viauitale single row (A,a) 


-O 


Radial contact, single row, outer-ring 
raceway spherical (B,b) 


sasia [TV 


Angular contact, ok re sia 
raceway spherica 


nw BE, 


Angular contact, single row, inner-ri 
raceway spherical (D,d) 





ag 6g 65 


Doubl . cal, 
le row > iments ith raceway spheri 


SIV 
BA, oo. 
Jan 


Double row, inner-ring Sa 
separable outer rings (Gg) 











American Koyo Corp., 60 Broad St. 
Seattle, Wash. 
C, 25-200 mm 


d, 
E, 55-550 mm 
AnnArbor Bearing & Mfg. Co., 815 Wildt 


-& a — Mich. 
b, c, d 


Service Co., 4650 Baum Blvd., 
“Fins h 13, Pa. 
ll mm, 4.50-16 in. 


deGroh Bearing Co., 467 W. 3lst St., Chi- 
cago 16, Ill. 
a, bc, dge fg 


Hoover Ball & Bearing Co., 5440 S. State 
Rd., Ann Arbor, Mich. 
E, 40-500 mm 


Industrial Tectonics Inc., Beari Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

b, 0.25-50 in. 
ec, 0.25-50 in. 
d, 0.25-50 in. 
e, 0.25-50 in. 
f, 0.25-50 in. 
g, 0.25-50 in. 


The Kaydon Engineering Corp., Muske- 
gon, Mich. 


A, a, 100-5000 mm, 4-178 in. 
Link-Belt Co., a 


Floor), Chica: 
D, ye Pe l =" 


E, 
G, 1.0-5.1171 | in. 
(See Ad, Pages 182, 183) 


Messinger Beari Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 
a, 2.5-150 in. 


(See Ad, Pages 190, 191) 


Norma-Hoffmann Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 
B, 20-320 mm 
E 20-900 mm 


Plaza (17th 
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Roller Bearing Co. of America, Sullivan 
Way, West Trenton, N. J 
a, b 

ce, 0.9375-2.875 in. 


(See Ad, Page 179) 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 


E, 25-950 mm 


The Torrington Co., P, O. Box 118, Tor- 
rington, Conn. 


E, 40-1060 mm 
(See Ad, Page 194) 


Zubler Bearing Corp., 204 Osborn St., 
Philade Iphia 28, Pa. 


15-15 in. 


Journal Roller, Radial 


Journal roller bearings are considerably 
wider than cylindrical roller bearings of 
equivalent shaft size. Consequently, 
journal roller bearings have high radial - 
load capacity. But their proportions and 
construction restrict their use to low-speed 
applications 

A letter code and bearing-bore dimen- 
sions (where available) follow each com- 
pany listing to designate bearing type and 
size. Capital letters denote that the bear 
ing is a standard item; lower-case letters 
indicate that it is a special item. 


Solid Rollers 
| 


Roller assembly and inner ring only (A,a) 


sve | se 


jto { 


STF ot} TG Ae 


oo 


MTD _ 


0 (9 
mre {I 


MSD [ 


Continuous outer ring (B,b) 


JTB JTC JSB 
Noncontinuous, planished outer ring (C,c) 


172 


Wound Rollers 


JwH AE wi pa 


JVH | ' MVH 
i j ' 


Roller assembly and inner ring only (A,a) 


JWOD 2”:té«SWEC*~“‘«‘*S 
JVD JVE JVG 


MWD MWE 
MVD MVE 


Continuous outer ring (B,b) 


JwB Jwc JWF 
JVB Jvc JVF 


Noncontinuous, planished outer ring (C,c) 





American Ball Bearing . 70 Flushing 
Ave., Brooklyn 5, N. 


A, 0.625-2.0625 in. 


American Roller Bearing Co., 
wood Ave., Pittsburgh 13, Pa. 
A, a, 1.000-19.6850 in. 

B, b, }.000-19.6850 in. 


Ann Arbor Bearing & Mfg. Co., 815 Wildt 


St., Ann Arbor, Mich. 
a 


Ball & Roller Bearing Co., 22 Maple Ave., 
Danbury, Conn. 
A, 0.5-10 in. 
B, 0.5-10 in. 


Berliss Beariny, Co., 644 W. Mount Pleas- 


ant Ave., Livingston, N. J. 
C, ce, 0.375-2.875 in. 


Corlett-Turner Co., 9145 King St., 
lin Park, Ill. 
C, c, 0.375-2 in. 
(See Ad, Page 178) 


467 W. 


416 Mel- 


Frank- 


deGroh Bearing Co., 3ist St., 
Chicago 16, Ill. 


a, b,c 


Federal-Mogul-Bower Bearings Inc., Bower 
Roller Bearing Div., 3040 Hart Ave., 
Detroit 14, Mich. 

B, 0.5-5.0 in. 
(See Ad, Page 189) 


General Motors Corp., Hyatt Bearings 
Div., 427 Middlesex St., Harrison, N. J. 
A, 30-220 mm 
B, 2-8 in. 

C, 1.5-8 in. 
D, 30-220 in. 
E, 1-6 in. 
(See Ad, Page 176, 177) 


The os Co., 360 Furman St., Brook- 
lyn 1, N. 
a, 0.5 in. - 
b, 0.5 in. up 
c, 0.5 in. up 


Industria, Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 
b, 0.25-50 in. 

International Harvester Co., 7 South 600 
County Line Rd., Hinsdale, Ill. 


A, 0.€75-3.00 in. 
B, 0.875-3.00 in. 


International Harvester Co., West Pull- 
man Works, 1015 W. 120th St., Chi- 
cago 43, Ill. 

A, 0.875-3.00 in. 
B, 0.875-3.00 in. 


Joy Ball Bearing Corp., 4538 W. Fulton 
St., Chicago 24, Ill. 
a, 50-508 mm, 2-20 in. 

The Kaydon Engineering Corp., Muske- 
gon, Mich. 
A, a, 100-5000 mm, 4-178 in. 
B, b, 100-5000 mm, 4-178 in. 

L & S Bearing Co., P. O. Box 995, Okla- 
homa City I, a. 
A, 30-40 mm 

Messinger Bearings Inc., = St. above Erie 
Ave., Philadelphia 1, P 
a, 2.5-150 in. 
b, 2.5-150 in. 


(See Ad, Pages 190, 191) 


Orange Roller Bearing Co. Inc., 557 Main 
St., Orange, N. J. 
A, 25-220 mm 
B, 25-220 mm, 0.375-8.00 in. 
(See Ad, Page 188) 


Roller Bearing Co. of America, Sullivan 
A Big Trenton, N. J. 


8 25-160 mm, 0.25-15.00 in. 
C, 0.500-2.00 in. 


(See Ad, Page 179) 


Rollway Bearing Co. , ae 541 Seymour 
St., Syracuse 4, N. Y 
"25-220 mm 
C, 0.375-3.50 in. 
(See Ad, Page 184) 


Royersford Foundry & Machine Co. Inc., 
Main St., Royersford, Pa. 
C, 1.9375- 8.875 in. 


Stearns-Stafford Inc., Packer Ave., Lawton, 
Mich. 


A, a, 70-560 mm 
B, b, 70-560 mm 


The Torrin: wt Co., P. O. Box 118, Tor- 
rington, 


B, b, 100-220 mm, 3.9370-15.00 in. 
(See Ad, Page 194) 


Zubler Bearing Corp., 204 Osborn St., 
Philadelphia 28, Pa. 
a, 15-15 in. 


Tapered Roller, Radial 


Tapered roller bearings are ideally suit- 
ed for the support of heavy, combined 
radial and thrust loads at moderate speeds. 
Rollers and raceways are designed on the 
principle of a cone such that the exten- 
sions of lines of contact of rollers with 
raceways—and center lines of rollers—meet 
at a common point on the axis of rota- 
tion of the bearing. This design principle 
assures true rolling motion. 
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A letter code and bearing-bore dimen- 
sions (where available) follow each com- 
pany listing to designate bearing type and 
size. Capital letters denote that the bear- 
ing is a standard item; lower-case letters 
indicate that it is a special item. 


= SB 


Single-row (A,a) 











Two-row, double cup (D,d) 





Four-row (F,f) 


American Ball a 70 Flushing Ave., 
Y 


Brooklyn , 
A, 0. 7500-5% 625 in. 
B, 0.7500-5.0625 in. 
C, 1.375-6.6250 in. 
D, 1.9687-6.7750 in. 
E, 2.9375-8.560 in. 


American Koyo Corp., 60 Broad St., Seat- 

tle, Wash. 

A, 0.3125-66.500 in. 

B, 0.625-50.00 in. 

C, 0.472-44.00 in. 

D, 1.1895-72.00 in. 

E, 1.1875-47.250 in. 

F, 3.375-47.250 in. 


Federal-Mogul-Bower Bearings Inc., Bower 
Roller Bearing Div., 3040 Hart Ave., 
Detroit 14, Mich. 

A, 0.5-12 in. 

B, 0.5-12 in. 
C, 0.5-12 in. 
D, 0.5-12 in. 

(See Ad, Page 189) 


1961 Edition 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton Calif. 
a, 0.25-50 in. 

b, 0.25-50 in. 
ce, 0.25-50 in. 
d, 0.25-50 in. 
e, 0.25-50 in. 
f, 0.25-50 in. 


International Harvester Co., 7 South 600 


County Line Rd., Hinsdale, Ill. 
A, 1.0-4.0 in. 


International Harvester Co., West Pull- 
man eta 1015 W. 120th St., Chicago 
43, Ill. 

A, 1.0-4.0 in. 


The Kaydon Engineering Corp., Muske- 
gon, Mich. 
A, a, 100-5000 mm, 4-178 in. 
B, b, 100-5000 mm, 4-178 in. 
C, c, 100-5000 mm, 4-178 in. 
D, d, 100-5000 mm, 4-178 in. 
E, e, 100-5000 mm, 4-178 in. 
Norma-Hoffmann Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 
A, B 
SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
A, 0.625-14.0 in. 
B, 0.625-14.0 in. 
C, 2.6875-9.25 in. 
E, 7-18.0 in. 
F, 9-18.0 in. 


The Timken Roller Bearing Co., 1835 
Dueber Ave. S. W. Canton 6, Ohio 


D,, 0.4375-72.0000 in. 
1.1875-47.2500 in. 
” 3.3750-47.2500 in. 
(See Ad, Page 185) 


The Leong , om Co., P. O. Box 118, Tor- 
rington, nn. 


os 155.0 in. 


(See Ad, Page 194) 


of SKF In- 


Tyson Bearing Co., Div. 
Ohio 


dustries Inc., Massilon, 


Needle 


Needle bearings have cylindrical rollers 
with a high length-to-diameter ratio. These 
hearings combine high radial-load capac- 
ity and minimum radial-space require- 
ments. Needle bearings cannot resist 
thrust, so additional means to stabilize 
axial location must be provided in the 
mounting design. 

A letter code and bearing-bore dimen- 
sions (where available) follow each com- 
pany listing to designate bearing type and 
size. Capital letters denote that the bear- 
ing is a standard item; lower-case letters 
indicate that it is a special item. 


One-Piece Roller-Guiding 
Raceway 














a (A 
Sey 


Rollers retained by outer ring, 
single row (A,a) 


c [zs] mo (| 


Rollers retained by inner ring, 
single row (B,b) 


Heavy-section outer ring, single row (C,c) 


— 


NAG NAH 


Double row, rollers retained by 
outer ring (D,d) 


NAJ NAK 


Double row, rollers retained by 
inner ring (E,e) 


cao ao 


NAR 
Grooved rollers with center rail (Ff) 

















American Koyo Corp., 60 Broad St., Seattle, 
Wash. 
‘ 0.625-9.25 in. 
C, 0.625-9.25 in. 


American Roller Bearing Co., 416 Mel- 
wood Ave., Pittsburgh 13, Pa. 
A, a, 2.000-17.6250 in. 
C, ¢, 2.000-17.6250 in. 
D, d, 3.000-17.6250 in. 


deGroh Bearing Co., 467 W. 3lst St. 
Chicago 16, Il. 
a, b, c, d, e, f 


Industrial Tectonics Inc., Bearings Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

b, 0.25-50 i 
c, 0.25-50 in. 














McGill Mfg. Co., 909 N. Lafayette, Val 

paraiso, Ind. 

A, a, 0.375-9.25 in 

b, 0.375-9.25 in. 

ec, 0.375-9.25 in 

d, 0.375-925 in 

e, 0.375-9.25 in 

F, f, 0.375-9.25 in. 

(See Ad, Page 192) 
Norma-Hoffmann Bearings Corp., Hamil 
ton Ave., Stamford, Conn 

A, 17-100 mm 

Orange Roller Bearing Co. Inc., 557 Main 
St., Orange, N. J 

a, 0.375-22 in 

b, 0.375-22 in 

ce, 0.375-22 in. 

d, 0.375-22 in 

e, 0.375-22 in 


(See Ad, Page 188) 


Roller Bearing Co. of America, Sullivan 
Way, West Trenton, N. ] 
A, 0.750-14.00 in 
b 
C, 0.75-2.0 in 
d,e 
(See Ad, Page 179) 


The Torrington Co., P. O. Box 118, Tor 
rington, Conn 
A, 0.6250-9.2500 in 


(See Ad, Page 194) 


Composite Roller-Guiding 
Raceway 


ae 


in 


NBM 


Rollers retained by outer ring, 
single row (A,a) 


Lol ~ 


NBD 


Rollers retained by inner ring, no 
outer ring, single row (B,b) 


: 


= | 


NBC NBP 


Nonseparable, single row (C,c) 


NBF NBY 


Heavy-section outer ring, single row (D,d) 


Externally self-aligning, single row (E,e) 


174 


a of 


Double row, no inner ring (F.f) 


St =m was 4 
iy euwenncaneenscs 


Double row, no outer ring (Gg) 


NBJ be =r} 


Double row, nonseparable (H,h) 





yy 
| 


Heavy-section outer race (J,j) 


Accurate Bushing Co., Smith Bearing Div., 

443 North Ave., Garwood, N. J. 

C, ce, 0.190-4.000 in. 

D, d, 0.190-0.875 in. 

E, e, 0.190-0.3125 in. 

I, i, 0.375-2.000 in. 

J, j, 0.375-0.875 in. 

(See Ad, Page 175) 


American Koyo Corp., 60 Broad St., Seattle, 
Wash. 
a, b, Cc, d, e, f, g, h, i, j 


deGroh Bearing Co., 467 W. 31st St., Chi- 
cago 16, Ill. 
a, b, Cc, d, e, f, g, h, i, j 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

sO) j 


, 0.25-K 
d, 0.25-5 
e, 0.25-5 
f, 0.25-5 
g, 0.25-5 
i, 0.25-5 


j, 0.25-5 


McGill Mfg. Co., 909 N. Lafayette, Val- 

paraiso, Ind. 

C, c, 0.1875-10 in. 

D, d, 0.1875-5 in. 

e, 0.1875-1.0 in. 

H, h, 0.625-6 in. 

i, 0.75-2 in. 

j, 0.1875-0.875 in. 

(See Ad, Page 192) 


Orange Roller Bearing Co. Inc., 557 Main 

St., Orange, N. J. 
A, 0.375-22.00 in. 
b, 0.375-22.00 in. 
c, 0.190-4.00 in. 

D, 0.190-4.00 in. 
e, 0.190-3.50 in. 
f, 0.375-22.00 in. 

, 0.375-22.00 in. 

» 0.375-22.00 in. 

i, 0.190-3.50 in. 

j, 0.190-22.00 in. 

(See Ad, Page 188) 


Roller Bearing Co. of America, Sullivan 
Way, West Trenton, N. J. 
A, 0.375-2.00 in. 
C, 0.250-1.500 in. 
D, 0.250-1.500 in. 


e, f£, g, h 
L, 0°3%5-1.500 in. 
(See Ad, Page 179) 


The peerage = Co., P. O. Box 118, Tor- 

rington, nn. 

C, c, 0.1900-4.0000 in. 
D. d, 0.1900-0.8750 in. 
E, e, 0.1900-0.3125 in. 
I, i, 0.3750-3.5000 in. 
J, j, 0.3750-0.8750 in. 

(See Ad, Page 194) 


Shell Type 


mene 
NCG NCH 


Rollers retained by outer ring, 
single row (A,a) 


Nonseparable, single row (B,b) 


ee 


NCF NCB 
Double row, nonseparable (C,c) 


American Koyo Corp., 60 Broad St., Seattle, 


Wash. 
A, 0.125-7.25 in. 
b, c 


deGroh Bearing Co., 467 W. 3lst St., 
Chicago 16, Ill. 
a 


The Kaydon Engineering Corp., Muske- 
gon, Mich. 


A, a, 0.3750-1.3750 in. 


McGill Mfg. Co., 909 N. Lafayette, Val- 
paraiso, Ind. 


a, 0.1875-10 in. 
(See Ad, Page 192) 


The Torrington Co., P. O. Box 118, Tor- 
rington, Conn. 
A, 0.1250-7.2500 in. 
B, 0.1900-1.2500 in. 
(See Ad, Page 194) 
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Cam Followers 


























Cam followers—needle complement, outer 
raceway, mounted on stud (A,a) 


Accurate Bushing Co., Smith Bearing Div., 
443 North Ave., Garwood, N. J. 
A, a, 0.750-0.3250 in. OD 
(See Ad, Page 175) 


American Koyo Corp., 60 Broad St., Seattle, 
Wash. 
A, a, 0.1900-0.8750 in. 


deGroh Bearing Co., 467 W. 3lst St. 
Chicago 16, Ill. 
a 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in 


McGill Mfg. Co., 909 N. Lafayette, Val- 
paraiso, Ind. 
A, a, 0.50-12 in. Rolier diam 
(See Ad, Page 192) 


Orange Roller Bearing Co. Inc., 557 Main 
St., Orange, N. J. 
A, 0.50-6.0 in. OD 
(See Ad, Page 188) 


The Torrington Co., P. O. Box 118, Tor- 
rington, on 
A, 0.1900-0.8750 in. Stud diam, 0.500- 
2.250 in. OD 
(See Ad, Page 194) 


Thrust Roller 


Thrust roller bearings are used to sup- 
port unusually heavy loads which act 
parallel to the axis of rotation. These 
loads may be the result of work being done 
by the machine or, in vertical-shaft ap- 
plications, they may be due to weight of 
machine parts. Mounting design for thrust 
roller bearings must ensure that the bear- 
rings never operate while completely un- 
loaded, since this will cause roller skid- 
ding, and scuffing of rollers and raceways. 

A letter code and bearing-bore dimen- 
sions (where available) follow each com- 
pany listing to designate bearing type and 
size. Capital letters denote that the bear- 
ing is a standard item; lower-case letters 
indicate that it is a special item. 


1961 Edition 





2—ROLLER AND NEEDLE BEARINGS 


iSMITH cam 
followers 


and yoke rollers 


engineered to precise standards 


HCS CAM FOLLOWER CTA CAM FOLLOWER CTY YOKE ROLLER 


Each component of every Smith Cam Follower and 

Yoke Roller is carefully engineered, machined and 
finished to the most exacting standards and dimensions. 
As a result, Smith Cam Followers and Yoke Rollers 
perform with uniform reliability. 


Standard Smith “CTA” (interchangeable) or “HCS” (High 
Capacity Stud) Cam Followers and “CTY” Yoke 

Rollers will give you outstanding performance with 
long, trouble-free life. 


Smith/Align Bearings are new self-aligning 
bearings that are specifically designed for 
applications which are extremely critical—where 
dependable performance is vital and failure 

too costly to tolerate. Smith/Align Bearings will 
function smoothly, without bind, yet with as 
little as .0002” clearance between ring and ball. 


Better distributors throu ~ = the tod stock and sell 
Smith Cam Followers and Yoke Rollers. 


Write for the handy, quick reference data sheets on Smith Cam 
Followers and Yoke Rollers and for full information on 
Smith/ Align Bearings. 


Smith Bearing Division / Accurate Bushing Company 
441 North Avenue, Garwood, New Jersey 


Manufacturers of: Needle Bearings, Cam Followers, Yoke Rollers, Jet Engine After 
Burner Rollers and Bearing Assemblies, Airframe Standard and Special Bearings, 
High Temperature and Severe Wear Precision Parts. 
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PRODUCT DIRECTORY 


wut USE THE HYATT 


“SPECS” 


READ Myarr 
YOU GET ; 
TRIPLE 


VERSATILITY 


MORE 
FLEXIBLE 
ASSEMBLY 


Interchangeability of Hyatt separable bearing parts 
yermits more flexible assembly. Any HYATT Metric 
tadial Series separable inner race, for a given piece 
number, can be assembled with any HYATT outer race 
and roller assembly of the same piece number. 


Because of this interchangeability, it is practical to install 

separable HYATT inner races on shafts in one location, A. Cutaway view of HYATT Hy-Load separable outer race types. 
while the outer races and rollers are installed in housing: . 

at another location. When the sub-assemblies are — 7 At. Coteney Vows of MYATT tiy-Leed nen-cepereble tpce Highs. 
together, the bearing parts will match perfectly. There is 

seldom need for selective assembly. 


INCREASED 


SHAFT 
DIAMETERS 


When the designer wishes to use a larger, more rigid shaft, 
without increasing the size of the housing bore, he utilizes 
another advantage of HYATT separable bearings. He can 
eliminate the inner race of the separable inner race HY ATT 
bearing types and operate the bearing rollers directly on 
the suitably hardened and ground shaft. Space usually 
occupied by the inner race is available for a larger shaft. 


REDUCED B. Cutaway views of HYATT Hy-Load separable inner race types. 


H oO US | NG C. Typical transmission application: Pilot bearing is BU-Z type without 
outer race, operating directly on hardened and ground gear bore, and an 
A-TS with inner race omitted operating directly on the shaft. 


BORE SIZES 


On the other hand, when space limitations force you to 
reduce the size of the housing bore without decreasing 
shaft diameter, versatile HYATT separable bearings are 
again the answer. This time you merely eliminate the 
outer race of one of the separable outer race HYATT 
bearing types—and operate the rollers directly on the 
suitably hardened and ground bore. You save the space 
normally occupied by the outer race. 


And, of course, in applications where it is advisable to 


retain the complete bearing parts as a unit, HYATTS are 
available in non-separable assemblies. 
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LINE FOR 
MACHINE DESIGN 


SEPARABLE RACE INTERCHANGEABLE 
ROLLER BEARINGS PARTS 





Design engineers have come to recognize—and deal 
with—one stubborn fact in their business. 





The stubborn fact: Every bearing application has 


its oun peculiarities. 

















The way to deal with it: Use the HYATT LINE! 


The core of the Hyatt Plan ix simply this. Hyatt’s 
separable race roller bearings—with interchangeable 
parts—permit you to improve machine design. They 
encourage improved son design because they are 
aienal to highly individual — unique applications. 











Naturally, HYATT cylindrical bearings have more 
radial load-carrying capacity. Their true rolling action 
offers the lowest roller bearing friction. But the shrewd 
engineer looks beyond these basic life, load and speed 
relationships. He studies the installation, sealing, 
retainment, assembly and maintenance requirements of 
each individual bearing application. 





























A-1 


COMPLETE asstueiy — 








In short, he uses the HYATT LINE for best results. 








Pick up the phone the next time you want to review 
your bearing applications—for an overall production or 
performance advantage for your product. Call your 
nearest HYATT sales office. 





























You'll find the best roller bearing engineers anywhere 
at the other end of the line. 











HARRISON, N. J. CHICAGO PITTSBURGH 
HUmbolt 4-4000 HArrison 7-8277 ATlantic 1-2927 


DETROIT OAKLAND, CALIFORNIA 
TRinity 3-7200 TWin Oaks 3-5362 


mN | Hiy-ROLL BEARINGS 
FOR MODERN INDUSTRY 
IN ROLLER BEARINGS, HYATT IS THE WORD FOR MI RELIABILITY 


HYATT BEARINGS DIVISION » GENERAL MOTORS CORPORATION * HARRISON, NEW JERSEY 
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Cylindrical Roller 


=| 


. s i Ie 
TP TPC 
Single direction, flat seats (A,a) 


TR i br nA 
Single direction, sell marvel seats (B,b) 


E 
— 
Lis 


Double direction, flat seats (C,c) 


TOR 


Double direction, self-aligning seats (D,d) 


Acorn Bearing Co., 66 Stanley St., New 
Britain, Conn 
A, 0.25-25 in 
B, 0.25-25 in. 
Cc, 025. 25 in. 
D, 0.25- 35 in. 


American Roller Bearing Co., 
wood Ave., Pittsburgh 13, Pa. 
A, a, 4.000-20.000 in. 

C, c, 3.500-12.000 in. 


416 Mel 


Auburn Ball rye Co., 28 Industria! St., 
Rochester 14, N. 
A, a, 0.875- $5025 1 in. 
b, 0.875-3.5625 in. 


Ball & Roller Bearing Co., 22 Maple Ave., 
Danbury, Conn. 
A, 0.875-10 in. 
B, 0.875-10 in. 


Bearing Service Co., 4650 Baum Blvd., 
Pittsburgh 13, Pa. 

a, 150-400 mm, 6-16 in. 

b, 150-400 mm, 6-16 in. 

c, 150-400 mm, 6-16 in. 

d, 150-400 mm, 6-16 in. 


Bremen Bearings Inc., U. S. 6 W., Bremen, 
Ind. 
a 


Cooper Split Roller Bearing Corp., Box 
526 Locust St., Carnegie, Pa 
A, 1.1875-36 in. 
C, 1.1875-36 in. 


deGroh Bearing Co., 
Chicago 16, Ill. 
a, b, c, d 


The Gwilliam Co., 
Brooklyn 1, N. Y. 
A, a, 0.75 in. up 
b, 0.75 in. up 
c, 0.75 in. up 
d, 0.75 in. up 


467 W. 3lst St., 


360 Furman St., 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

b, 0.25-50 in. 
c, 0.25-50 in. 
d, 0.25-50 in. 


CORLETT-TURNER 


The QUALITY Bearing 
in the 90,000 Series 


aN 


unexcelled< 


lad 


MATERIALS 


e CONSTRUCTION 
~ FINISH 


PERFORMANCE 


C-T ROLLER BEARINGS 


provide maximum service life at lowest 
possible cost. Widely used by major ma- 


terial handling, 
equipment manufacturers. 


caster, wheel and farm 
Write for 


Catalog and Specification sheets today. 


CORLETT-TURNER co. 


9147 King Street 


Franklin Park, Illinois 


“BUILDING A REPUTATION ON SERVICE" 


Circle 8-24 on Page 137 


Joy Ball Bearing Corp., 4538 W. Fulton 
St., Chicago 24, Ill. 
A, a, B, b, C, c, D, d 


The Kaydon Engineering Corp., Muske- 
gon, Mich. 
A, a, 100-5000 mm, 4-178 in. 
B, b, 100-5000 mm, 4-178 in. 
C, c, 100-5000 mm, 4-178 in. 
D, d, 100-5000 mm, 4-178 in. 


McGill Mfg. Co., 909 N. Lafayette, Val- 


(See Ad, Page 192) 


Messinger Bearings Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 
a, rat in 


“ie Ad, Pages 190, 191) 


Orange Roller Bearing Co. Inc., 557 Main 
St., Orange, N. J. 
A, 0.875-16.00 in. 
b, 0.875-22.00 in. 
c, 0.875-22.00 in. 
d, 0.875-22.00 in. 
(See Ad, Page 188) 


- i Ball & 


Parkersburg-Aetna ~ 
.» 4600 Schubert 


Roller Bearing Co. 
Ave., Chicago 39, ul. 


(See Ad, Page 193) 


Rollway Bearing -. aaa 541 Seymour 
.» Syracuse 4, N. Y 


(See Ad, Page 184) 


Stearns-Stafford Inc., Packer Ave., Lawton, 
Mich. 
A, a, 70-560 mm 
B, b, 70-560 mm 
C, c, 70-560 mm 
D, d, 70-560 mm 


The Lay Co., P. O. Box 118, Tor- 
rington, nn. 
A, a, 2.000-155.0 in. 
B, b, 2.000-155.0 in. 
(See Ad, Page 194) 


Zubler Bearing Corp., 204 Osborn St., 
Philadel os tone Pa 
a, 1.5-15 
b, 1.5- 13 i in. 


c, 1.5-15 in. 
d, 1.5-15 in. 


Barrel and Tapered Roller 


TS 


Selt-aligning, single direction, 
asymmetrical spherical rollers, 
flat seats (A,a) 
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ee single direction, symmetrical 
lers, flat seats (B,b) 


| — — eee 


SSW Was 


Tapered rollers, flat seats (C,c) 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
a, 0.25-50 in. 

b, 0.25-50 in. 
ce, 0.25-50 in. 

The Kaydon Fngineering Corp., Muske- 
gon, Mich. 

C, c, 100-5000 mm, 4-178 in. 


Norma-Hoffmann Bearings Corp., Hamil- 
ton Ave., Stamford, Conn. 
B, 60-1060 mm 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
A, 90-380 mm 


The Timken Roller Bearing Co., 1835 
Dueber Ave. S. W., Canton 6, Ohio 
C, 0.6350-16.0000 in. 

(See Ad, Page 185) 


The Torrington Co., P. O. Box 118, Tor- 
rington, nn. 
C, 3.000-16.000 in. 
(See Ad, Page 194) 


Linear Motion 


Roller-type linear-motion bearings are 
used for linear translation of heavy loads 
and are manufactured in two versions. 
The ladder type consists of two hardened 
steel plates separated by a series of caged 
rollers. The recirculating type contains 
a return channel for the rollers. 


Beaver Precision Products, 651 Rochester 
Rd., Clawson, Mich. 
A 


Messinger Bearings Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 
A 


(See Ad, Pages 190, 191) 
Orange Roller Bearing Co. Inc., 557 Main 
St., Orange, N. J. 
A, Specials only—see lit. 
(See Ad, Page 188) 


Scully-Jones & Co., 1905 S. Rockwell St., 


Chicago 8, Ill. 
A 
(See Ad, Page 181) 
The Torrington Co., P. O. Box 118, Tor- 


rington, nn. 
A 


(See Ad, Page 194) 


X-type 


The X-type roller bearing can carry 
three types of load—radial, overturning 
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THE BEARING OF SUPERB DESIGN 


Patent Nos. 2765202, 2765203, 2884288 


The modern roller bearing with a channel shaped outer race; 
shoulder supported cage in any motion or position; absolute 
alignment of the rollers at their pitch circle. The superb design that 
puts greater capacity in less space than any other roller bearing. 
Unexcelled in simultaneous rotating and reciprocating applications. 
Available with or without seals. 


OTHER SUPERB REC 


PITCHLIGN 
ROLLER FOLLOWERS 


All the advantages of 
the Pitchlign roller bear- 
ing plus a heavy wall 
for use as a cam roller 
or any other application 
requiring unsupported 
race rotation. Seals 
available. 





SELF ALIGNING 
BUSHING 


For oscillating self-align- 
ing linkages, as hydravu- 
lic cylinders, shafts 
subject to deflection, 
distortion, wide bearing 
centers, or wherever 
flexibility protects ex- 
pensive moving parts. 





PRODUCTS 


STAR 
TOLERANCE RING 


A corrugated cylin- 
drical fastener to hold 
round parts together 
and to transmit torque. 
Ideal for holding bear- 
ings in housings; pulleys, 
gears, impellers, etc. on 
shafts. 


Write for full information on the complete RBC line. 


CC 
RBC 


ROLLER BEARING COMPANY OF AMERICA 


Sullivan Way, West Trenton, New Jersey 


Circle B-25 on Page 137 





PRODUCT DIRECTORY 


Gentran’ 


GREASE 


HOW CENTRAP 
RETAINS LUBRICANT, 
TRAPS OUT DIRT 


(Patent Applied For) 











Browning gives you an exclusive new feature in tapered 
roller bearing units. It is CENTRAP, a unique sealing device 
that utilizes lubricant to trap out dirt . . . yet always permits 
drainage of excess grease. CENTRAP adds improved 
operating efficiency to these many other advantages in 
Browning tapered roller bearing pillow blocks and flange 
blocks; @ Stronger malleable housings for compact design, lighter 
weight ® Timken high-capacity bearings @ Eccentric 
locking collars ® Elongated bolt holes @ Full range of sizes. 

Get details on the complete Browning line of bearing units. Ask 
your Browning Distributor for Catalog BU-103, or write 
Browning Nlanufacturing Company, Maysville, Kentucky. 


Vg Be oe 


es SR RN 
POWER TRANSMISSION EQUIPMENT 


Circle B-26 on Page 137 





moments, and thrust in either direction. 
Centerlines of alternate rollers are 90-deg 


apart. 


Messinger ee Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 
A 


(See Ad, Pages 190, 191) 


The Timken Roller Bearing Co., 1835 
we Ave. S. W., Canton 6, Ohio 


(See Ad, Page 185) 


Pillow-Block Units 
Flange Units 


Roller-bearing pillow-block units pro- 
vide a compact package for direct mount- 
ing to a machine surface parallel to the 
shaft axis. 

Flange units can be assembled directly 
into bores of wheels, pulleys, etc., assur- 
ing alignment and eliminating necessity 
of counterboring or chamfering of mount- 
ing. 

A letter code follows each company 
listing to designate bearing type: A for 
pillow-block units; B for flange units. 


Beari Service Co., 4650 Baum Blvd., 
Pittsburgh 13, Pa. 
A,B 


Browning Mfg. Co., 1935 Browning Drive, 
Maysville, Ky. 
A,B 
(See Ad, Page 180) 


Chain Belt Co., Shafer Bearing Div., 
Box 57, Downers Grove, Ill. 
A, B 
(See Ad, Pav» 169) 


Columbiana Engineering Co., 11 E. Salem, 
Columbiana, Ohio 
A 


Cooper Split Roller Bearing Corp., Box 526 
“eB St., Carnegie, Pa. 
A, 


Dodge Mfg. Corp., 1952 William, Mish- 


waka, Ind. 
(See Ad, Page 186, 187) 


Hewitt-Robins Inc., 666 Glenbrook Rd., 
Stamford, Conn. 
A 


Link-Belt Co., Prudential Plaza (17th 
Floor), Chicago 1, Ill. 
A, B 


(See Ad, Pages 182, 183) 


Messinger Bearings Inc., D St. above Erie 
Ave., Philadelphia 1, Pa. 
A 


(See Ad, Pages 190, 191) 
Palmer-Bee Co., 3002 Opdyke Rd., Bloom- 
field Hills, Mich. 
A 
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Royersford Foundry & Machine Co. Inc., 


r Main St., Royersford, Pa. 


SKF Industries Inc., Front St. & Erie Ave., 
= O. Box 6731, Philadelphia 32, Pa. 


The Torrington Co., P. O. Box 118, Tor- 
rington, nn. 


(See Ad, Page 194) 


Cartridge Units, A 
Take-Up Units, B 


Service Co., 4650 Baum Blvd., 


Bearin 
Sena 13, Pa. 


Pitts 
A,B 
Chain Belt Co., Shafer Bearing Div., 
Box 57, Downers Grove, IIl. 
A,B 
(See Ad, Page 169) 


Cooper Split Roller Bearing Corp., Box 526 
Locust St., Carnegie, Pa. 
A 


Dodge Mfg. Corp., 1952 William, Mish- 


awaka, Ind. 
A, B 
(See Ad, Page 186, 187) 


Hewitt-Robins Inc., 666 Glenbrook Rd., 
Stamford, Conn. 
A 


Link-Belt Co., Prudential Plaza 
Floor), Chicago 1, Ill. 
B 


(See Ad, Pages 182, 183) 











| 
| 
| 
| 


(17th | 


SKF Industries Inc., Front St. & Erie Ave., 


P. O. Box 6731, Philadelphia 32, Pa. 
A 
Chain Belt Co. Shafer Bearing Div., 
Box 57, Downers Grove, IIl. 
Aicraft Bearings 
(See Ad, Page 169) 


Cooper Split Roller Bearing Corp., Box 


526 Locust St., Carnegie, Pa. 
Split 
Sealed Units 


Roller Bearings, Self-Alinging, | 


Dodge Mfg. Corp., 1952 William, Mish- 


awaka, Ind. 
Hanger Units 
(See Ad, Page 186, 187) 


Donley Products Inc., Jergens Div., 11106 | 


Avon Ave., Cleveland 5, Ohio 


Cartridge Pilot ——p ~ Milling- Ma- | 
s | 


chine Arbor Support hings 


The Kaydon Engineering Corp., Muskegon, | 


Mich. 
Thin-Shell Needle Bearings, Thin-Sec- 


tion Tapered and Radial Roller Bearings | 


Landis & Gyr Inc. 45 W. 45th, New 
York, N. Y. 
Miniature Roller Bearings 


Marlin-Rockwell Corp., 402 Chandler St., 
Jamestown, N. Y. 
Railroad Traction-Motor Bearings 


A. Stucki Co., Oliver Bldg., Pittsburgh, Pa. 
Railway-Roller Side Bearing 


The Torrington Co., P. O. Box 118, Tor- 
rington Conn. 
Needle Thrust Bearings, Shell -Type 
Roller Retainer Bearings, Heavy-Duty 
Roller Bearings 

(See Ad, Page 194) 
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FRICTION-FREE MOTION: Recirculating 


way bearings and ball screws provide mechanical 
advantages for supporting and moving machine 
components. TYCHOWAY 
bearing combines rigidity 
and capacity of rollers 
with compact, 
easy-to-install 
recirculating 
feature. Elim- 
inates stick-slip as 
low coefficient of friction—less than .005—equal- 
izes starting and moving friction. 25 lb force 
smoothly moves 5,000-lb load even at low speed. 
Center guide flange assures accurate roller align- 
ment. Antifriction characteristics minimize lub- 
rication problems. SUPER-CISION ball screw 
combines advantages of screw and nut with anti- 
friction characteristics—mechanical efficiency of 
90% or more. Clean, compact nut is result of pat- 
ented internal ball return. Twin-nuts’ unique 
vernier adjustment (see cut) permits precise pre- 
load setting, eliminates backlash. Ball screws and 
nut housings made to any configuration to suit 
requirements. These companion products make 
linear 


Write for 
Bulletin 22-50 


Write for 
Bulletin 25-50 


motion 
completely 
predictable and 
accurate, with 


minimum effort. 


Special Products Division 


Seully-Jones and Company 


1905 South Rockwell Street, Chicago 8, Illinois 
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LINK-BELT SPHERICAL ROLLER BEARINGS: 


measure these design values 


LINK-BELT SPHERICAL ROLLER BEARING PILLOW 
BLOCKS are available with sturdy gray iron or 


super-rugged cast steel housings. Two-piece design 
simplifies mounting permits easy inspection 
and maintenance without disturbing the shaft posi- 
tion. Link-Belt offers adapter mounting types for 
shafts from 10” to 10%” and direct-shaft mount- 
ing types for shafts from 1.7717” to 11.0236” 
Choice of rugged steel, multi-labyrinth seals or 
Dacron-contact seals 
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SYMMETRICAL ROLLERS 
of maximum size and number 


Check the ratings—compare any size 
bearing, any make, with its Link-Belt 
counterpart. Without exception, you'll 
find Link-Belt’s capacity equal to—and 
more often, greater than—any other 
spherical roller bearing design. Reason? 
MORE ROLLERS, LARGER ROLL- 
ERS! Link-Belt offers the largest effec- 
tive roller complement for all sizes of 
spherical roller bearings . . . rated in 
accordance with accepted formulas of 
the Anti-Friction Bearing Manufacturers 
Association. This increase in effective 
LDN values (roller length, roller diam- 
eter and number of rollers) provides 
longer bearing life. 


FLANGED 
CARTRIDGE 
BLOCKS 


FLANGED 
BLOCKS 


ALSO AVAILABLE FROM LINK-BELT'S 
SELF-ALIGNING ROLLER BEARING LINE 


Link-Belt offers roller bearings with 
solid housings for shafts from %4” to 
4”. They're compact, rugged, easy-to- 
install .. . employ heavy-duty, double- 
row self-aligning roller bearings. In 
addition to pillow blocks, the mount- 
ings shown above are also available. 


Ask for ¢ atalog 
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CARTRIDGE 
BLOCKS 


BALANCED PROPORTIONS 
of all components 


Ample thickness above and below roll- 
ers to handle loads beyond rated capac- 
ity. Largest diameter rollers for maxi- 
mum capacity. 

Boosting bearing capacity involves 
much more than simply increasing the 
size and number of rollers. Permissible 
roller size is limited by the relative di- 
mensions of other parts. Not only must 
retainers and raceways be able to han- 
dle the increased capacity—the overall 
bearing must conform to international 
standard boundary dimensions. With 
balanced proportions design, Link-Belt 
spherical roller bearings meet these re- 
quirements! 


Lise BELY 


TAKEUP 
BLOCKS 


LINK 


SELF-ALIGNING BALL AND ROLLER BEARINGS 


LINK-BELT COMPANY: 
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WRAP-AROUND RETAINERS 
with double-contoured pockets 


Retainers of Link-Belt sphericals are 
precision-machined from centrifugally 
cast bronze. Far stronger than stamp- 
ings, these husky retainers consist of 
independently tracking halves. Wrap- 
around prongs are double-contoured to 
the exact shape of the rollers. They ex- 
tend well below the roller centerline for 
positive guidance . . . well above for 
maximum retainment. All sharp corners 
are removed to eliminate the possibility 
of wiping action between the retainer 
edges and the rollers. This feature pro- 
vides for full roller lubrication even 
during high-speed operations. 


SEE BOOK 2760 


for further precision, durability 
and high-capacity features of 
Link-Belt spherical roller bear- 
ings. Contact your nearest Link- 
Belt office. Look under BEAR- 
INGS in the yellow pages of 
your phone book. 


BELT 


Executive Offices, Prudential 


Plaza, Chicago 1. To Serve Industry There Are Link- 
Belt Plants, Warehouses, District Sales Offices and 
Stock Carrying Distributors in All Principal Cities 


Export Office, New York 
(Sydney ) ; 


; Australia, Marrickville 


Brazil, Sao Paulo; Canada, Scarboro 


(Toronto 13); South Africa, Springs. Switzerland, 


Geneva 
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Bearing at left has 1.75" bore 
while tandem bearing in main 
illustration has 17.0" bore. Yet both 


are standard, cataloged items 


Over 400 Cataloged Thrust Bearings 


to fit your every need... 
fi J * Select from 7 


When you need a thrust bearing, no matter how special, ROLLWAY 
Rollway is ready with the know-how and the precision machinery Standard Types 
to design and produce it for you. designed, tested and 
ready for production with 
load capacities to 
4,800,000 pounds. 
Ask for Catalog 
Complete line of Radial and Thrust Cylindrical Roller Bearings PT-659. 


Our engineers will gladly consult with you regarding any 
standard or special-purpose types you need. No cost. No 
obligation. Rollway Bearing Co., Inc., Syracuse. N. Y. 


ENGINEERING OFFICES: 


® 
ROLLWASY tyrenee © Gaston * Chisago ° Belvo © Tereate 
Pittsburgh * Cleveland * Seattle * Houston 


BEARINGS Philadelphia * Los Angeles * Son Francisco 
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How world’s largest tracer lathe 
assures precision 
































Engineers of The American Tool Works Co. design bearings are designed and manufactured to take the 
maintenance of high precision right into their new _ big loads from all directions of this machine cutting 
Maxi-Swing Tracer Lathe with 16 Timken® tapered %4” deep into work pieces of up to 40 tons. And they do 
roller bearings on the nose and center of the spindle, _it through a range of 22 speeds, giving rigidity with 
drive and intermediate shafts. That's because Timken compact mounting and ease of assembly. 





Industry rolls on 


TIMKEN 


tapered roller bearings 











The Timken Roller Bearing Com- 
pany, Canton6, Ohio. Cableaddress: 
2 “TIMROSCO”’. Makers of Tapered 

, Roller Bearings, Fine Alloy Steel 
ON-THE-SPOT ENGINEERING SERVICE. Our sales engineers can help you and Removable Rock Bits. Canadian 
right at the design stage to get the most economical bearing in terms of Division: Canadian Timken, St. 
needed capacity and precision. Why not call them in early? Thomas, Ontario. 


hi 
ee sa sel cata Sa 
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i. pays to buy from a line of stock 
bearings--bearings that have been proved in thou- 
sands of installations similar to yours. You benefit 
by getting known dependability; and you get the 
important savings of high quality at production 
price. 


PIN-POINT SELECTIVITY 


Dodge has supplied mounted bearings to industry 
for over three-quarters of a century. Dodge bear- 
ings have always kept pace with improved produc- 
tion practices. Each new condition of service has 
been met by Dodge as it has arisen, with the result 
that the Dodge line contains mounted bearings to 
meet almost every service requirement with pin- 
point accuracy. 

High load, high speed, excessive dust, moisture, 
corrosion, high or low temperatures, continuous 
operation—you name it!—such conditions and 
their combinations are met every day with Dodge 
bearings. 


BROAD LINE—WIDELY DISTRIBUTED 


In the great variety of mounted bearings devel- 
oped by Dodge, you will most likely find the pre- 
cise unit to fit your requirements ideally—without 
paying for features you do not need. And if your 
requirements call for several types of bearings, 
there is an advantage in having them of common 
design, such as Dodge offers. 


The Dodge line is probably broader than any 
other line of mounted bearings in America. And of 
special importance to machinery manufacturers, 
it is the most widely distributed line. There is al- 
ways a Dodge bearing of the right type and size 
near at hand. 


You can check this with your local Dodge Dis- 
tributor. Ask him—or write us for the Dodge 
Bearing Bulletin. 


In addition to tapered roller, spherical roller and ball bearings, 
Dodge builds many types of sleeve bearings. Here is the “large 
and small” of the sleeve type bearings carried in stock—ranging 
from an 8-in. Sleevoil weighing over 1200 Ibs. to a 4-in. solid 
journal bearing weighing 9 ounces. 


DODGE MANUFACTURING CORPORATION, 3300 Union Street, Mishawcka, Indiana 
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_ 


DODGE PILLOW BLOCKS WITH DODGE SPHER-ALIGN PILLOW BLOCKS DODGE BALL BEARING 


WITH SPHERICAL ROLLER BEARINGS PHLOW BLOCKS 





DODGE SLEEVONL DODGE BRONZOIL DODGE BRONZE BUSHED 
PLLOW BLOCKS PILLOW BLOCKS PILLOW BLOCKS 
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DODGE JOURNAL BEARINGS DODGE HEAVY RIGID FLANGE BEARINGS: HANGER 
SOLID AND SPLIT PLLOW BLOCKS BEARINGS: BEARING UNITS: 





@ Dodge Pillow Blocks with Timken Tapered Roller Bearings. 
America’s quality pillow blocks. Assembled, lubricated, ad- 
justed and sealed at the factory. 5 types for varying needs. 


@ Dodge Spher-Align with Spherical Roller Bearings. Rugged 
heavy duty, compact, inherently self-aligning. Exclusive 
Micro-Mount simplifies installation. 


@ Dodge Ball Bearing Pillow Blocks. Deep groove ball bear- 
ings with long inner races—high capacity. SL, SC and SCM 
models for light, normal and medium service respectively. 


@ Dodge Sleevoil Pillow Blocks. Ultra quality... extra long 
life . . . accessibility . . . guiet. Plain or water-cooled. 


@ Dodge Bronzoil Pillow Blocks. Efficient, low cost pillow 
blocks with self-oiling, capillary bronze bushings. Self-align- 
ing. Large oil reservoirs. 


@ Dodge Bronze Bushed Pillow Blocks. Quict fan and blower 
pillow blocks with two bronze bushings of high lead content 
mounted in one cast iron housing. 


CALL THE TRANSMIiSSIONEER — your local Dodge Distribu- 
tor. Factory trained by Dodge, he can give you valuable help 
on new, cost-saving methods. Look under “Dodge Transmis- 
sioneer”’ in the white pages of your telephone directory, or in 
the yellow pages under “Power Transmission Machinery.” 
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@ Dodge Journal Bearings — Solid and Split. True running, 
dependable. Babbitted bearings with precision machined 
bores and faces. Finished bases. 


@ Dodge Heavy Rigid Pillow Blocks. Rugged, carefully bored, 
babbitted pillow blocks for many applications requiring 
grease lubrication. Finished bases and ends. 


@ Bearing Units. A wide variety—spherical seat, cartridge, 
flange, hanger, screw conveyor hanger, take-up. Ball, Roller 
and Sleeve types. 





(~~ 


C™ 


(anbE 


PRODUCT DIRECTORY 

















= 





\ With buitt-in seats) 








ORANGE Cups 770 NEEDLE BEARINGS 
Precision needle rollers are permanently aligned in pockets of 
anti-friction cage—resist skewing while running in vertical, 
tilted or horizontal position. Successful on overhung mountings; 
less affected by misaligned mountings or shaft deflections. Sizes, 
without seals, 44” to 8” shaft dia.; with built-in seals, 14" to 2” 


shaft dia. 











ORANGE ROLLER BUSHINGS 


Full type precision needle bearings pro- 
vide maximum load capacity in small 
radial space. Close internal running 
clearances minimize possibility of mis- 
aligned rollers. Standard sizes 44" to 8” 
shaft dia. 


\ 





Aas: - 
ORANGE JOURNAL ROLLER BEARINGS 


Provide high load capacity where radial 
space is limited. Available as complete 
bearings or as component parts in inch 
sizes, in multiple lengths, 5%” to 5” 
shaft dia. 





4 














ORANGE STAGGERED ROLLER BEARINGS 


Exceptionally high load capacity and 
even running are gained by use of many 
short rollers in s arrangement, 
instead of fewer long rollers. All standard, 
interchangeable sizes in the 200 and 
300 series. 


7 











N y, 
ORANGE CAM YOKE ROLLERS 


For yoke mountings involving follower 
action, and for machine elements re- 
quiring guide or support rollers. Stand- 
ard sizes from %" to 4” O. D. Chrome, 
Cadmium or Black Oxide finishes avail- 
able; also seals where required. 





Engineering representatives and distributors 
in all industrial areas 
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MATCH THE BEARING 
TO THE JOB 














Provide high load capacity and shock 
resistance. Standard sizes 4" to 
4” O. D. with either standard or heavy- 
duty studs. Chrome, Cadmium or Black 
Oxide finishes available; also seals 
where required. 














ORANGE THRUST ROLLER BEARINGS 
Cylindrical roller type thrust bearin 

provide high capacity and durable 
service. Available in light series 74” to 
314” bore; heavy series from 2” to 16” 
bore. Special types and sizes to order. 
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One in a series of technical reports by Bower 


os 


COn/ BRIEFINGS 


2 === 





ROLLER BEARING LIFE AND 
CAPACITY LINKED TO STRESS DISTRIBUTION 


These reproductions of photoelastic 
studies contain important evidence for 
every engineer and designer concerned 
with the performance and selection of 
roller bearings. In these photographs, the 
alternate dark and light areas, called 
fringes, indicate not only the magnitude 
of stress but also the stress distribution. 
The photographs were taken by Bower 
Research Engineers during a study of 
stress distribution in roller bearings. 


The subjects represent rollers and race- 
ways of two roller bearings under iden- 
tical loads. The illustration at the left 
shows a roller of conventional design. 
The illustration at the right shows a 
Bower “Profiled” roller. That is, the 
roller is precision ground with a large 
radius generated along the body of the 
roller—a predetermined and controlled 
distance from each end. 


The conventional roller photo (left) 
clearly shows how, under load, stress 
concentration builds up in and near the 


1961 Edition 


roller ends. This is called edge-loading. 
Such areas of concentrated stress are the 
breeding grounds for metal fatigue and 
eventual bearing failure. 


In the photo of the “Profiled” roller 
(right) stress lines can be seen uniformly 
distributed across the whole length of 
the roller and raceway. There are no 
points of excessive stress concentration, 
consequently no starting points for early 
fatigue. Such a “Profiled” roller exhibits 
a great advantage in improved load 
carrying capacity, a most important 
bearing requirement. 

Under actual operating conditions, 


Bower “Profiled” roller bearings show 
a considerably longer life at higher 


speeds and under greater loads than con- 
ventional roller bearings. 


Because of this, and of other Bower fea- 
tures to be discussed in later technical 
reports, we suggest that you consider 
the advantages of Bower bearings in 
satisfying your future bearing require- 
ments. 


xx«rk 


Bower engineers are always available, 
should you desire assistance or advice 
on bearing problems. Where product 
design calls for tapered roller bearings 
or journal roller assemblies, Bower 
makes these also in a full range of types 
and sizes. 





BOWER ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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To the designer of any type of machinery or 
equipment, large or small, Messinger Bearings 
provide the distinct advantages of simpler, more 
compact design; conservation of space and weight 
through smaller diameter housings; lower manufac- 
turing costs; improved efficiency; and assurance of 


longer service life. 

Basic types of our bearings are shown on these 
pages, with standard size ranges. Variations can 
readily be made to fit any product design re- 
quirement—each bearing is custom-engineered 
to the specific application. 

Uses of Messinger Bearings cover the widest 
range of products and equipment—from small 
instruments to the largest rolling mill, gun turret 
and radar installations ever built. 

No matter what the nature of your design effort 
might be, consider Messinger Bearings as a posi- 
tive contribution to improved product performance 
and enduring operational efficiency. 


BIG JOBS... 
FOR MESSINGER BEARINGS 


Three characteristics of Messinger 
Bearings are demonstrated in these 
applications. Lasting Efficiency ... 
The Messinger Roller Bearing in the 
350-ton crane, above, has been in 
service 40 years. Heavy-duty Re- 
liability ... Eight Messinger Pillow 
Blocks for 25.50" diam. sheave 
shafts on vertical-lift bridge. En- 
during Accuracy . . . Messinger 
Radial and Thrust Roller Bearings, 
up to 107.971" LD. for world's 
largest radio-telescope. 





RADIAL 


Double-Acting 
THRUST Roller 


Roller BEARINGS 

Available in the following 
types: Plain; Self-Align- 
ing With Adapter; Self- 
Aligning Without Adap- 
ter; Combination Radial 
and Thrust Bearing; 
Combination Radial and 


BEARINGS... 
For installations involv- 
ing heavy thrust loads 
5! in two directions. Used 
extensively in steel mill, paper mill, 
and other applications where economy 
of initial cost and longer service life 


are important factors. Sizes: From 4" 
bore to over 50" bore. 


“X" Bearing. Standard 
sizes from 4" to 60" 
bore. Applications in- 
clude poper mill, roll- 
ing mill and print- 
ing machinery; rudder 
shafts; large cranes. 


Self-Aligning THRUST 
Roller BEARINGS . . . 


Used where heavy thrust loading 
is incurred and provision must be 
made for misalignment. The self- 
aligning action of this bearing is 
accurate and reliable. 

Used in dam gates, grinding 
machines, vertical shaft electric 
generators and vertical shaft 
beaters. Sizes: From 4" bore to 
over 30" bore. 


Single-Acting 
THRUST Roller 
BEARINGS 


For installations where 
heavy thrust loads are 
applied. May be posi- 
tioned vertically or hori- 
zontally. Will carry 3 to 
4 times the thrust load of 
COMBINATION RADIAL and THRUST BEARINGS 
Designed to carry thrust load and radial load on surfaces squarely 
opposed to the work load. Can take extremely heavy loads in 
very small space. Widely used on paper mill and rolling mill 
machinery. Standard sizes from 4.00" 1.D. to 20.00" 1.D. 


same size ball bearing. 
For steel mill and paper 
mill equipment, large cranes and crane hooks, 
rock crushers, vertical motors, pumps, etc. 
Sizes: From 3" bore to diameters of 15 feet. 
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For Inyoroved Product Design ena Sie 


MESSINGER “X” BEARINGS 


Versatility and enduring accuracy ore 
two important advantages of the 
Patented “X" Bearing. Takes thrust load 
in either direction, with radial load and overturning moment—if 
necessary, all at one time. It is frequently possible to use just one 
“X" Bearing in place of several bearings of other types. Sizes 
range upward from 4.000" bore. Broadest range of applications. 


MESSINGER 

"Fr 

BEARINGS... 

The answer to high 
load-carrying capacity 
with substantial reduc- 
tion in over-all weight of 
product. In contrast with 
their extremely light 
weight and slender sec- 


tion, these “FEATHER- 
WEIGHTS", like all other 
Messinger Bearings, are 


made to give years of 
precision performance 
under surprisingly heavy 
loads. Typical applica- 
tions include appliances, instruments, machinery and equipment of 
many types. Two Hundred Forty Standard Sizes, offering widest 
latitude in design applications . . . from 2.00" 1.D. to 60.00" LD. 
Minimum and maximum cross-sections for range of standard sizes 
are shown in actual size, 


























Write for 


THE CAGE .. . Key to the Long-Lasting Precision 
Performance of all MESSINGER Roller BEARINGS 


Each Messinger cage is of a special rugged design developed 
by Messinger Engineers . . . made of highest quality bronze . . 
machined all over with exacting care. It provides a vital contribu- 
tion to the ultimate in bearing longevity and reliability. 


t 


MESSINGER PILLOW BLOCKS 


Features include excep- 
tional compactness; effi- 
cient oil seals; autmatic 
flood oiling; and use of 
self-aligning bearings to 
compensate for misalign- 
ment of support. Roller 
bearings may be plain 
radial or combination 
radial and thrust. Can be 
designed and built to 
accommodate any re- 
quired shaft size. Wide 
range of applications. 


ADVISORY ENGINEERING SERVICE... 

If your new product or equipment, regardless of size or purpose, 
calls for bearings, early consultation with our Engineering De- 
partment may prove advantageous. No obligation involved. 


MESSINGER (@)))BEARINGS, Inc. 


ROLLER AND BALL BEARINGS 


FEATHERWEIGHT TO HEAVYWEIGHT 


D STREET ABOVE ERIE AVE. - PHILADELPHIA 24, PA. 
‘‘Smoothing Industry’s Pathway for Nearly Half a Century’’ 
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select from the Ms G | L line 


of heavy duty needle roller bearings 
for these advantages — 


New MSGILL CAGEROL © greater capacity 


Cage Type Needle Bearings 


DESIGN TO REDUCE FUTURE RE @ added efficiency 


PLACEMENT RISKS. Plan on the new 

McGill CAGEROL bearing .. . it de- 

livers up to 10 a vow! average life of e 
ordinary end guided needle bearings, un- long lif 
der severe speeds, loads and misalign- e er t] e 
ment. The exclusive crowned roller con- 

struction distributes stress evenly. Black 


s oxid j lubrica- 4 
+ egal mf oy Oy Agel less maintenance 


MGILL°munnRoL 
Full Type Roller Bearings 


PLAN ON PRECISION — AND 
PRODUCTION EFFICIENCY — 
with MULTIROL bearings. No 
need for end washers and loose re- 
taining rings: MULTIROL “Solid- 
end” construction has integrally 
formed retaining end shoulders. 
Optimum capacity-to-radial dimen- 
sion is present in all sizes; with 
even greater space-saving possible 
through application to hardened 
shaft, without inner race. 


MeGILL°GUIDEROL 


Full Type Roller Bearings 


c ® N For applications requiring a COMPACT BEARING 
MSG | LL CAMROL® ’ WITH FULL LOAD-CARRYING CAPACITY, 
: ‘ specify McGill’s GUIDEROL bearing. It features 

Roller Bearing Cam Follower : a full complement of extra-long rollers guided by 
' an integral rail in the outer race bore. Skewing 

ELIMINATE UNNECESSARY . under misalignment is limited. Sealed versions of 


the GUIDEROL offer low cost sealing where the 
restricted performance, with cost of auxiliary sealing assemblies is often pro- 
McGill's CAMROL _integral-stud hibitive. Even sealed types are dimensionally equiv- 
design. The CF (Cam Follower) alent to standard roller bearings. 

series bearing provides the ultimate 

in radial capacity, shock resistance, 

and space economy. The CYR MULTIROL-GUIDEROL-CAMROL-CAGEROL 


(Cam Yoke Roller) series bearing , 
is manufactured to the same rigid engineered electrical products =— —vwwvwv— 


specifications; is equipped with an Write for Catalog : 
inner ring instead of the soft, tough No, 52-A for com- cS @ 
stud, for adaptation to automatic or plete information F 
controlled-motion machinery. Both on McGill's needle 


types are availabl fully sealed roller bearings. “e 
mn ny 3 nisietas Aw 9) precision needle roller bearings 


ASSEMBLY COSTS and assure un- 


McGILL MANUFACTURING CO., INC., Bearing Division 204 N. Lafayette Street, Valparaiso, Indiana 
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THERE'S MUSCLE IN AETNA ROLLER BEARINGS Aetna roller bearings 
offer an increased load capacity of more than 25%* over conventional 
roller bearings. This extra muscle is created by Aetna’s exclusive True 
Crowned roller design. In this design, ordinary high stress points are 
eliminated, and the load is distributed across the full length of the roller 
for greater efficiency. True Crowning is an example of our advanced 
technology, which consistently provides you with more dependable bear- 
ing performance. Aetna roller bearings are available in a wide range of 
self-contained, pure radial, standard designs, and in many specials of 
both pure radial and pure thrust design. For details call your Aetna 
representative listed in your classified directory, or write for General 
Catalog and Engineering Manual. 


*Determined by AFBMA formula 
AETNA BALL AND ROLLER BEARING COMPANY | 460° SCHUBERT AVE. 
DIVISION OF PARKERSBURG-AETNA CORPORATION CHICAGO 339, ILL. 2 


ANTI-FRICTION SUPPLIERS TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 


Aetna 


ROLLER 
BEARINGS 
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ANTI-FRICTION 
BEARING 
Ls | = 9 2 


Choosing exactly the right bearing can mean a vital dif- 
ference in performance, cost and product life. That’s 
why it pays to call Torrington first. 

Torrington makes every basic type of anti-friction bear- 
ing . . . can advise you impartially on the best bearing 
for your application. Needle, roller or ball . . . you won’t 
find finer bearings than Torrington. Specify with con- 
fidence. If you have a bearing problem, call or write 
us today. Send for catalog information. 

1, Drawn Cur Neepie Bearinc. Maximum radial ca- 
pacity in minimum cross section. Easily positioned by 
press fit. 2. Drawn Cur Rotter Bearinc. Ample lubri- 
cant storage for smooth starting, cool running, extra- 
long service life. 3. Heavy Duty Rotter Bearinc. Top 


progress through precision 


bearing efficiency and long life under toughest shock 
conditions. 4, Rotter Turust Bearine, Precision built 
for outstanding performance. Large Controlled Contour 
rollers for maximum capacity. 5. Setr-ALicninc BALL 
Busuinc. Low cost unit for top performance in rugged 
applications. 6. SpHertcaL Router Bearinc Pittow 
Brock. High radial and thrust capacity. Fast, easy 
installation. Grease or oil-bath lubrication. 7. NEEDLE 
Turust Beaninc. Unequalled capacity for size and 
weight. Runs directly on hardened ground surfaces, or 
on standard thrust races. 8. Cam Fottower. Exceptional 
combination of high capacity, maximum toughness, de- 
pendable performance under shock loads. 9, SPHERICAL 
Router Bearinc. Precision engineered for maximum 
efficiency, optimum service life. Self-aligning. 
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Torrington, Connecticut + South Bend 21, Indiana 
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LAIN bearings are varieties of bearings in which the primary motion 


is a sliding of one surface over another. 


This definition covers all 


types of sleeve or journal bearings that are used to position a shaft or 


moving part in a radial direction. 


The definition also covers all types 


of thrust bearings generally used to prevent movement of a shaft in an 
axial direction, and those bearings used as guides for various kinds of 


linear motion. 


Cast Babbitt, Lead 


Babbitts have excellent compatibility 
and nonscoring characteristics; théy are 
also outstanding in embedding dirt and 
confirming to geometric errors in machine 
construction and operation. Most babbitt 
metals for cast bearings are thin-based. 
Lead-based babbitts are more generally for 
strip-type bearings. Lead alloys can be 
made which are as hard as babbitt. They 
have a higher melting point than babbitt 
and can be used at higher temperature, 
but are more susceptible to corrosion. 

Entries in this list have a double unit 
code consisting of letters and numerals. The 
letters indicate the material—A for babbitts 
and B for lead and lead alloys. The nu- 
merals indicate the construction, as follows: 

1. Solid cast bearings from stock. 

2. Solid bearings cast to order. 
3. Solid bearings cast and machined to 
order. 

. Steel-backed cast bearings from stock. 
5. Steel-backed bearings cast to order. 

. Steel-backed bearings cast and ma- 

chined to order. 

. No overlays. 

. Babbitt linings or overlays. 

Graphite plugs or inserts. 
. Other construction methods (written 
in). 
Allison Div., General Motors Corp., P. O. 
Box 894, Indianapolis 6, Ind. 


B3, 6. Available with lead, lead-tin, 
lead indium, or silver flash overlay. 


American Bearing Corp., Subsidiary of 
National Lead Co., 429 S. Harding, 
Indianapolis, Ind. 


A3, 6; B3, 6, 8 


1961 Edition 


American Metal Bearing Co., 2277 E. 16th 
St., Los Angeles 21, Calif. 

Al, 2, 3, 4, 5, 6; B2, 3, 4, 5, 6, 8 

575 Lyell Ave., Rochester, 


Atkinson Co., 
N. Y. 
B3 


Averman Bronze Co., 
Pittsburgh, Pa. 
B2, 3 


4042 Liberty Ave., 


Bohn Aluminum & Brass Corp., 1400 
Lafayette Bldg., Detroit 26, Mich. 

Boston Gear Works, 64 Hayward St. 
_— 71, Mass. 


Bronze Die Casting Co., 1836 Franklin St., 
Pittsburgh 33, 
B 


, 


— 4 & Co., Elm Grove, Wheeling, 
W. 


23" 


The Bunting Brass & Bronze Co., 715 
Spencer St., Toledo 1, Ohio 
A2, 3; B2, 3, 9 
(See Ad, Page 211) 


Bushings . 1701 Glenwood Ave., Phila- 
delphia 32, Pa. 
A2, 3, 8, 9; B2, 3, 8, 9 


Carley Mfg. Co. Inc., 
Olean, N. Y. 
A2, 3, 5 


Certified Metals Mfg. Co.., 
Cincinnati 4, Ohio 


3, 5, 6; B2, 3, 5, 6 


500 N. 


Union, 
1940 River Rd., 


Cleveland Graphite Bronze, Div. of Clevite 
Corp., 17000 St. Clair Ave., Cleveland 
10, Ohio 
A6, 7; B6, 7 

(S-> Ad, Page 224) 


Condenser Service & Engineering Inc., 150 
Ao as Highway, Hoboken, N. J. 


Dixie Bronze Co. Inc., 2231—27th Ave. N., 
Birmingham, Ala. 
A2, 3 


Dura-Bond Bearing Co., P. O. Box 11085, 
3201 Ash St., Palo Alto, Calif. 
Ad, 5, 6 


Duro-Life Corp., 3335 S. Ridgeway Ave., 
Chicago 23, Ill 
B2, 3 


J. B. Ehrsam & Sons Mfg. Co., 180 N. 
Factory, Enterprise, Kans. 


Al, 2, 3 


Faunt Foundry Co., 8524 Vincennes Ave., 
Chicago 20, Il 
Bl, 2, 3 


Federal Bronze Products Inc., 2 Wheeler 
Point Rd., Newark N. J. 
Bl, 2, 3, 9 

Federal-Mogul-Bower Bearings Inc., Fed- 
eral-Mogul Div., 11031 Shoemaker Ave., 
Detroit 13, Mich. 
A3, B3 

(See Ad, Page 215) 


P. J. Fobert & Co., 1720 Cloverfield St., 


Santa Monica, Calif. 


* “s 


Fusion Bearing Co., 3102 W. Walnut, 
Milwaukee & Wis. 


, 5; B3, 


a Mfg. Corp., 21 Arnot Place, Lodi, 
§ 


=~ ~ ag Corp., 1000 Bridge St., Grafton, 


AS, 6; BS, 6 


M. A. Harrison Mfg. Co. Inc., Route 113 
& Harrison Rd., Birmingham, Ohio 


J. Rd Hodgkins Co., Randolph-Gardiner, 
roy 3; B2, 3 


Johnson Bronze Co., New Castle, Pa. 
AS, 6; BS, 6 
(See Ad, Page 222) 


Los Angeles Smelting Co. 10047 S. 
Alameda, P. O. Box 72058, Los Angeles 
2, Calif. 

A2, B2 


Magnolia Metal Co., Inc., 800 McCarter 
rs oe Newark 2, N. J. 


Magnus Metal Div., National Lead Co.., 
111 Broadway, New York 6, N. Y. 
A2, 3; B2, 3, 8 


McNally Pittsburgh Mfg. Corp., 3rd at 
Walnut St., Pittsburg, Kans. 
Al, 2, 3, 6 
ae 4 Norris Mfg. Co., 2322 Marconi 
St. Louis 10, Mo. 
Aa SG. 10 (bronze back); B3, 5, 6, 10 
(bronze back) 


Merkin & Lurie Industries, 13711 Joy Rd., 
Detroit 28, Mich. 


, 6; BS, , 


National Bearing Div., American Brake 
Shoe Co., 717 Grant Bldg., Pittsburgh 
19, Pa. 

A2, 3; B2, 3, 8 

New Process Bronze Foundry Co., 1276 

E. 55th St., Cleveland 3, Ohio 

A2, 3, 5, 6; B2, 3, 5, 6 
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Pioneer Motor Bearing Co., 116 Beacon 
St., South San Francisco, Calif. 
A3, 5, 6, 7 


Renewal Service Inc., 2720 N. 17th St., 
Philadelphia, Pa. 
A2, 3, 8, 9; B2, 3, 8, 9 
(See Ad, Page 200) 


Royersford Foundry & Machine Co. Inc., 
55 Main St., Royersford, Pa. 
Al 


St. Louis Bearing Co., 333 East B, Wil- 
mington, Calif. 


Al, 2, 3, 5, 6; BI, 2, 3, 5, 6 
The Shoop Bronze Co. Inc., 344-354 W. 


Sixth Ave., Tarentum, Pa. 


B2, 3 


Spadone-Alfa Corp., Old Boston Post Rd., 
South Norwalk, Conn. 
B2, 5, 6, 9 
(See Ad, Page 226) 


Waukesha Bearings Corp., Commerce & 
Pearl Sts.. Waukesha, Wis. 
A2, 5, 10 (bronze backed) 
(See Ad, Page 203) 


Wheeler Service Inc., 155 Brooklyn, Cam- 
bridge, Mass. 
A3, 4, 5, 6, 10 (cast iron back; bronze 
back) 


Wisconsin Centrifugal Foundry Inc., 905 
E. St. Paul Ave., Waukesha, Wis 
A2, 3; B2, 3 


Cast Copper-Lead Alloy 


The simplest of the many copper-base 
bearing materials is the copper-lead com- 
bination. Lead is practically insoluble in 
copper and a cast copper-lead alloy micro- 
structure will show a copper matrix con- 
taining lead pockets. The lead pockets act 
as reservoirs for maintaining a continuous, 
thin lead film on the bearing surface. 


Entries in this list have a numeral code 
which indicates construction, as follows: 
. Solid cast bearings from stock. 
2. Solid bearings cast to order. 
. Solid bearings cast and machined to 
order 
. Steel-backed cast bearings from stock. 
. Steel-backed bearings cast to order. 
. Steel-backed bearings cast and ma- 
chined to order. 
. No overlays. 
. Babbitt linings or overlays. 
9. Graphite plugs or inserts. 
. Other construction methods (written 
in). 


Allison Div., General Motors Corp., P. O. 
Box 894, Indianapolis 6, Ind. 
2, 3, 6. Available with lead, lead-tin, 
lead-indium, or silver flash overlay. 


American Auto Parts Co., 919 Bonham, 
Columbus, Ohio 
3 


American Bearing Corp., Subsidiary of 
National Lead Co. 429 S. Harding, 
Indianapolis, Ind. 

3, 6, 8 
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The American Crucible Products Co., 
Oberlin & Smith Ave., Lorain, Ohio 
a 2 

Atkinson Co., 575 Lyell Ave., Rochester, 
N. Y. 


3 


Averman Bronze Co., 4042 Liberty Ave., 
Pittsburgh, Pa. 
2, 3 


Beauideal Inc., 867 S. Water, Saginaw, 
Mich. 
5, 6 
Bohn Aluminum & Brass Corp., 1400 
Lafayette Bldg., Detroit 26, Mich. 
8 


Boston Gear Works, 64 Hayward St., 
Quincy 71, Mass. 
9 


Bronze Die Casting Co., 1836 Franklin 
St., Pittsburgh 33, Pa. 


Bumgardner & Co, Elm 
Wheeling, W. Va. 
, 


Grove, 


The Bunting Brass & Bronze Co., 715 
Spencer St., Toledo 1, Ohio 
2, 3, 9 
(See Ad, Page 211) 


Bushings Inc., 1701 Glenwood Ave., Phila- 
delphia 32, Pa. 
2, . 8, 9 


Cleveland Graphite Bronze, Div. of Clevite 
Corp., 17000 St. Clair Ave., Cleveland 
10, Ohio 
6, 10 (lead-tin-copper overlay) 

(See Ad, Page 224) 


Columbian Bronze Corp., N. Main St., 
Freeport, N. Y. 


= 


Columbiana Engineering Co., 11 E. Salem, 
Columbiana, Ohio 


The Derby Castings Co., 591 N. Main St., 
P. O. Box 111, Seymour, Conn. 


2 


Dixie Bronze Co. Inc., 2231—27th Ave. N., 
Birmingham, Ala. 


Duro-Life Corp., 3335 S. Ridgeway Ave., 
Chicago 23, Ill. 
, 

Erie Bronze Co., 19th & Chestnut St., 
Erie, Pa. 
ao 


Faunt Foundry Co., 8524 Vincennes Ave., 
wun 20, Ill. 


l, 2, 


Federal Bronze Products Inc., 2 Wheeler 
Point Rd., Newark, N. J. 
9 


l, 2, 3, 


Frontier Bronze Corp., 4870 Packard Rd., 
Niagara Falls, N. Y. 
9 


~y, 


Fusion Bearing Co., 3102 W. Walnut, 
Milwaukee 8, Wis. 
3,5, 8 


Garland Bearing Co., 1464 Waterloo Rd., 
Barberton, Ohio 
ime 


General Mfg. Corp., 21 Arnot Place, Lodi, 


N. J. 


M. A. Harrison Mfg. Co. Inc., Route 113 
& Harrison Rd., yp Rone Ex cally Ghio 
8 


J. F. Hodgkins Co., Randolph-Gardiner, 
Me. 


Hodgson Foundry Co., 2014 W. 13th St, 
Za: 8, Ill. 
9 


Imperial Cantrell Mfg. Co. Inc., Ashe St., 
Jellico, Tenn. 
a 

Janney Cylinder Co., 7401 State Rd., Phila- 
delphia 36, Pa. 
2 


Magnus Metal Div., National Lead Co., 
ni Broadway, New York 6, N. Y. 
2, 3,8 


Marion Bronze Co. Inc., Barnhart St. & 
Erie RR, Marion, Ohio 
a9 


Markey Bronze Bushing Co., 1952 Van 
Buren Rd., Delta, Ohio 
3 


Merkin & Lurie Industries, 13711 Joy Rd., 
Detroit 28, Mich. 
5, 6, 8, 10 (aluminum backed) 


Merriman Bros. Inc., Lubrite Div., 185 
Amory St. Jamaica Plain District, 
Boston 30, Mass. 

2, 3, 8, 9 


Moccasin Bushing Co., 2000 Chestnut St., 
Chattanooga 8, Tenn. 


, ’ 


(See Ad, Page 202) 


National Bearing Div., American Brake 
Shoe Co., 717 Grant Bldg., Pittsburgh 
19, Pa. 

2, 3, 8 


National Bronze Mfg. Co., 3558 Garfield, 
Detroit 7, Mich. 
as 

New Process Bronze Foundry Co., 1276 
E. 55th St., Cleveland 3, Ohio 
2 246 


Nolte Brass Foundry Co., 21 W. Jefferson 
St., Springfield, Ohio 
3 


Orrville Bronze & Aluminum Co., N. 
Main St., Orrville, Ohio 
, 

Paulson Thomas & Son Inc., Union at 
Bond St., Brooklyn 31, N. Y. 
9 


Phillips Bronze Corp., 1460 E. Washington 
Blvd., Los Angeles, Calif. 
3 


Pioneer Motor Bearing Co., 116 Beacon 
wee San Francisco, Calif. 
3, 5, 6, 8 


Power Mfg. Co., 829 W. Center, Marion, 
hio 
§ so 
Renewal Service Inc., 2720 N. 17th St., 
Philadelphia, Pa. 
2, 3, 8, 9 
(See Ad, Page 200) 
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Ryder Brass Foundry Co., E. Irving & 
. Railway, Bucyrus, Ohio 


St. Louis Bearing Co., 333 East B, Wil- 
mington, Calif. 


The Shenango Furnace Co., Centrifugally 
‘ay Products Div., Dover, Ohio 


(See Ad, Page 221) 


The Shoop Bronze Co. Inc., 344-354 W. 
Sixth Ave., larentum, Pa. 


2, 3 


Spadone-Alfa Corp., Old Boston Post Rd., 
South Norwalk, Conn 
2, 5, 6, 9 
(See Ad, Page 226) 


Springfield Brass Co., 821-27 W. Main St., 
: . Box 448, Springfield 12, Ohio 


Standard Brass Works, 1810 W. St. Paul 
“"y Milwaukee, Wis. 


. 


Superior Kendrick Bearings Inc., 312 S. 
Crawford St., Detroit 17, Mich. 


2, 3, 9 
(See Ad, Page 208) 
Wheeler Service Inc., 
bridge, Mass. 
2, 3, 10 (cast iron back; bronze back) 


E. A. William & Son, 325 Washington 
Ave., Carlstadt, N. J. 


155 Brookline, Cam- 


Wisconsin Centrifugal Foundry Inc., 905 
E. ‘ie Paul Ave., Waukesha, Wis. 


Cast Bronze 


Technically, bronze is an alloy of copper 
and tin. However, bronzes used for bear- 
ing puposes generally have other metals, 
usually lead, added in order to improve 
properties. The strength and high-temper- 
ature properties generally improve going 
from high-lead bronze to high-tin bronze. 
At the same time, compatibility, conform- 
ability and embeddability properties de- 
crease as the amount of lead decreases. 

Other alloying agents, such as alumi- 
num, iron, manganese, zinc, or nickel 
are often added in varying percentages. 
These materials are sometimes used in 
applications requiring high strength and 
fatigue resistance, but compatibility char- 
acteristics are not as good as the high- 
lead bronze materials. 

Entries in this list have a double-unit 
code consisting of letters and numerals. 
The letter code indicates the material: 

A. Tin bronze. 

B. Leaded red brass. 

C. Leaded bronze. 

D. High-leaded bronze. 

E. Aluminum bronze. 

The numerals indicate the bearing con- 
struction, as follows: 


1961 Edition 


1. Solid cast bearing from stock. 

2. Solid bearings cast to order. 

3. Solid bearings cast and machined to 
order. 

. Steel-backed cast bearings from stock. 

. Steel-backed bearings cast to order. 

. Steel-backed bearings cast and ma- 
chined to order. 

. No overlays. 

. Babbitt linings or overlays. 

. Graphite plugs or inserts, 

. Other construction methods (written 
in). 


Acme Brass Foundry Co. of San Antonio, 

716 Wyoming, San Antonio 3, Texas 
; B2 

Allison Div., General Motors Corp., P. O. 
Box =e Indianapolis 6, Ind. 
A2, 3, B2, 3, 6; C2, 3, 6; D2, 3, 6; 
E2, 3, ¢ All available with lead, lead- 
tin, lead-indium, or silver flash overlays. 


All-Metals Precision Casting Corp., 20 
School, Yonkers, N. Y. 
A2; B2; C2; D2; E2 

American Auto Parts Co., 919 Bonham, 
Columbus, Ohio 
A3; B3; C3; D3; E3 

American Bearing Corp., Subsidiary of 
National Lead Co., 429 S. Harding, 


Indianapolis, Ind. 
A3, 6; B3, 6; C3, 6, 8; D3, 6, 8; E3, 6 


The American Crucible Products Co., 
Oberlin & Smith Ave., Lorain, Ohio 
A2, 3; B2, 3; C2, 3; D2, 3; 3 


American Metal Bearing Co., 2277 E. 16th 
St., Los Angeles 21, Calif. 
A3, 8; B3, 8; C3; D3 


Ampco Metal Inc., 38th & Maple, Milwau- 
kee, Wis. 
A2, 3; B2, 3; C2, 3; D2, 3; E2, 3 


Atkinson Co., 575 Lyell Ave., Rochester, 


N. Y. 
A3, 9; B3, 9; C3, 9; D3, 9; E3, 9 


Averman Bronze Co., 4042 Liberty Ave., 
Pittsburgh, Pa. 
A2, 3; B2, 3; D2, 3; E2, 3 


Bearium Metals Fats 190 Mill St., Ro- 
chester 14, N. Y 
Cl, 2, 3; DI, 2, 3 


Beauideal Inc., 867 S. Water, Saginaw, 
Mich. 
AS, 6; BS, 6; C5, 6; D5, 6 

Beckett Bronze Co., 20th & S. Walnut Sts., 


Muncie, Ind. 


A3; B3; C3; D3 


Birmingham Metal Products Inc., Box 57, 
Erie County, Birmingham, Ohio 
C3; D3; E3 
Bohn Aluminum & Brass Corp., 1400 
Lafayette Bldg., Detroit 26, Mich. 
D6, 8 


Booker-Cooper Inc., 6940 Farmdale Ave., 
North Hollywood, Calif. 
Al, 2, 3, 5, 6, 10 (MOS, and TFE) 


Boston Gear Works, 64 Hayward St., 


Quincy 71, Mass. 
A2; B2; C2; D1; E2 


Bronze Die Casting Co., 
St., Pittsburgh 33, Pa. 
Al, 2; BI, 2; Cl, 2; El, 2 


1836 Franklin 


Buckeye Brass & Mfg. Co., 6410 Haw- 
thorne Ave., Cleveland 3, Ohio 
Al, 3, 9; Bl, 3, 9; Cl, 3, 9; Dl, 3, 9; 
EI, 2, 3,9 


Bumgardner & Co., Elm Grove, Wheeling, 
W. Va. 
A2, 3; B2, 3; C2, 3; D2, 3; E2, 3 


The Bunting Brass & Bronze Co., 715 
Spencer St., Toledo 1, Ohio 
mee B2, 3, 9; Cl, 2, 3, 9; D2, 3, 9; 


*" Gee Ad, Page 211) 


Bushings Inc., 1701 Glenwood Ave., Phila- 
delphia 32, Pa. 
A2, 3, 8, 9; B2, 3, 8, 9; Cl, 2, 3, 8, 9; 
D2, 3, 8, 9; El, 2, 3, 8, 9 
Carley Mfg. Co. Inc. 500 N. Union, 
lean, N. Y. 


Cleveland Graphite Bronze, Div. of Clevite 
Corp., 17000 St. Clair Ave., Cleveland 
10, Ohio 


> 


(See Ad, Page 224) 


Columbian a Corp., N. Main St., 


tes 
ff, 3: C2, 3; D2, 3; E2, 3 


Columbiana Engineering Co., 11 E. Salem, 
Columbiana, Ohio 
A3, 5, 6; B3, 5, 6; C3, 5, 6; D3, 5, 6; 
E3, 5, 6 


The Derby Castings Co., 591 N. Main St., 
P. O. Box 111, Seymour, Conn. 
Al, 2% BIL23 C12 Di, 23; 
El, 2,3 


Dixie Bronze e _ 2231—27th Ave. N., 
Birmingham, A 
Al, 3; Dl, 2, : “El, 2,3 


Dodge Mfg. Corp., 1952 William, Misha- 
waka, Ind. 
Cl 


Duro-Life Corp., 3335 S. Ridgeway Ave., 


Chicago 23, Ill. 

A22.%3 Bs Gk es BS 
Erie Bronze Co., 19th & Chestnut St., 
Erie, Pa. 

A2, 3; B2, 3; C2, 3; D2, 3; E2, 3 


Faunt Foundry Co., 8524 Vincennes Ave., 
Chicago 20, Ill. 
AL ZS: BLZASsSECZAasDL2As 


5 et J 


Federal Bronze Products Inc., 2 Wheeler 
oo Rd., Newark, N. 
a a "9; ma 2Z2AaskeCLALS 

ot 3 3. 9; El, "2, 3, 9 


Federal-Mogul-Bower Bearings Inc., Fed- 
eral-Mogul Div., 11031 Shoemaker Ave., 
Detroit 13, Mich. 

A3 


(See Ad, Page 215) 


Flood City Brass & Electric Co., Elder & 
Messe: er Sts., Johnstown, Pa. 
Al, 2, ; Bl, 2, 3; Cl, 2, 3; Di, 2,3 


Frontier Bronze ag 4870 Packard Rd., 
an Falls, N. Y. 
3; B2, 3; C2, 3; D2, 3; E2, 3 


Garland Bearing Co:, 1464 Waterloo Rd., 
Barberton, Ohio 
ALZ3BLZ23SC23s:sDnL2as 
El, 2,3 
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General Mfg. Corp., 21 Arnot Place, Lodi, 
N. J. 
A3; B3; C3; D3; E3 

H. R. Engineering Laboratories Inc., | 


Norwich Rd., East Haddam, Conn. 
D3 


M. A. Harrison Mfg. Co. Inc., Route 113 
& Harrison Rd., Birmingham, Ohio 
A3, 8; B3, 8; C3, 8; D3, 8; E3, 8 


J. F. Hodgkins Co., Randolph-Gardiner, 
Me. 
A2, 3; B2, 3; C2, 3; D2, 3; E2, 3 


Hodgson Foundry Co., 2014 W. 13th St., 
Chicago 8, Ill. 
A2, 3, 9; B2, 3, 9; C2, 3, 9; D2, 3, 9; 
E2, 3,9 


Imperial Cantrell Mfg. Co. Inc., Ashe St., 
Jellico, Tenn. 


Al, 2, 3; Bi, 2, 3; Cl, 2, 3 Di, 2, 3 


Janney Cylider Co., 7401 State Rd., Phila- 
delphia 36, Pa. 
A2; B2; C2; D2; E2 


Johnson Bronze Co., New Castle, Pa. 
Al, 2, 3, 8, 9; B2, 3, 8, 2; Cl, 2, 3, 8, 9; 
D2, 3, 8, 9 
(See Ad, Page 222) 


Los Angeles Smelting Co., 10047 S. Ala 
meda, P. O. Box 72058, Los Angeles 2, 
Calif. 

D2 


Lumen Bearing Co., 197 Lathrop St., Buf- 
falo 12, N. Y. 
A2; B2; C2; D2; E2 


Magnolia Metal Co., Inc., 800 McCarter 
Highway, Newark 2, N. J. 
Al, 3; Cl, 3; Di, 3 


Magnus Metal Div., National Lead Co., 
111 Broadway, New York 6, N. Y. 
A2, 3, 8; B2, 3, 8; C2, 3, 8; D2, 3, 8; 
E2, 3,8 


Marion Bronze Co. Inc., Barnhart St. & 
Erie RR, Marion, Ohic 
A2, 3; B2, 3; C2, 3; D2, 3 


Markey Bronze Bushing Co., 1952 Van 
Buren Rd., Delta, Ohio 
A3; B3; C3; D3; E3 


McQuay-Norris Mfg. Co. 
St., St. Louis 10, Mo. 
A3; B3; C3; D3; E3 


Marconi 


Merkin & Lurie Industries, 13711 Joy Rd., 
Detroit 28, Mich. 
AS, 6, 8; CS, 6, 8; D5, 6, 8, 10 (alu- 
minum backed) 


Merriman Bros. Inc., Lubrite Div., 185 
Amory St., Jamaica Plain District, Bos- 
ton 30, Mass. 


Moccasin Bushing Co., 2000 Chestnut St., 
Chattanooga 8, Tenn. 
A2, 3, 7, 9, 10 (wood-oil distributig in- 
serts); B2, 3, 7, 9, 10 (wood-oil distribut- 
ing inserts); C2, 3, 7, 9, 10 (wood-oil 
distributing inserts); D2, 3, 7, 9, 10 
(wood-oil distributing inserts) 

(See Ad, Page 202) 


National Bearing Div., American Brake 
Shoe Co., 717 Grant Blidg., Pittsburgh 
19, Pa. 

A2, 3, 8; B2, 3, 8; C2, 3, 8; D2, 3, 8; 
E2, 3,8 
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National Bronze Mfg. Co., 3558 Garfield, 
Detroit 7, Mich. 
A2, 3; B2, 3; C2,3 

New Process Bronze Foundry Co., 1276 
E. 55th St., Cleveland 3, Ohio 
A2, 3, 5, 6; B2, 3, 5, 6; C2, 3, 5, 6; 
D2, 3, 5, 6; E2, 3, 5, 6 


Nolte Brass Foundry Co., 21 W. Jeffer- 
son St., Springfield, Ohio 
A3; B3; C3; D3 


Orrville Bronze & Aluminum Co., N. 
Main St., Orrville, Ohio 
A2, 3; B2, 3; C2, 3; D2, 3; E2, 3 


Owosso Bronze Bearing Co., N. Sniawas- 
see, Owosso, Mich. 
Al, 2; Cl, 2; El, 2 

Paulson Thomas & Son Inc., Union at 


Bond St., Brooklyn 31, N. Y. 
A2; B2; C2; D2; E2 


Phillips Bronze Corp., 1460 E. Washington 
Blvd., Los Angeles, Calif. 
A3; B3; C3 


Pioneer Motor Bearing Co., 116 Beacon 
St., South San Francisco, Calif. 
A3; C3; D3; E3 

Power Mfg. Co., 829 W. Center, Marion, 


Ohio 
Al, 2, 3; Cl, 2, 3; El, 2,3 


Randall Graphite Bearings Inc., P. O. 
Box 839, Greenlawn & Lake Sts., Lima, 


Ohio 
A3, 9; B3, 9; Cl, 3, 9; D3, 9 


Renewal Service Inc., 2720 N. 17th St., 
Philadelphia, Pa. 
A2, 3, 8, 9; B2, 3, 8, 9; C2, 3, 8, 9; 
D2, 3, 8, 9; E2, 3, 8, 9 
(See Ad, Page 200) 


Ryder Brass Foundry Co., E. Irving & 
NYC Railway, Bucyrus, Ohio 
C3 


, 


St. Louis Bearing Co., 333 East B, Wil- 
mington, Calif. 
A223 C2328 


Sandusky Foundry & Machine Co., Mar- 
ket & Fulton St., Sandusky, Ohio 
A3; B3; C3; D3; ES 


Seville Centrifugal Bronze Inc. 25 S. 
Center St., Seville, Ohio 
A2, 3; B2, 3; C2, 3; E2, 3 


The Shenango Furnace Co., Centrifugally 
Cast Products Div., Dover, Ohio 
A2, 3; B2, 3; C2, 3; D2, 3; E2, 3 
(See Ad, Page 221) 


The Shoop Bronze Co. Inc., 344-354 W. 
Sixth Ave., Tarentum, Pa. 


A2, 3; B2, 3; C2, 3; D2, 3; E2, 3 


Slack-Horner Brass Mfg. Co., Box 838, 
Longmont, Colo. 
Bi, 2, 3; Cl, 2, 3; Di, 2, 3; E2, 3 


Spadone-Alfa Corp., Old Boston Post Rd., 
South Norwalk, Conn. 
A2, 5, 6, 9; B2, 5, 6, 9; C2, 5, 6, 9; 
D2, 5, 6, 9; E2, 5, 6, 9 
(See Ad, Page 226) 


Springfield Brass Co., 821-27 W. Main 
St., P. O. Box 448, Springfield 12, Ohio 
Al, 2; Bl, 2; Cl, 2; Di, 2 


Standard Brass Works, 1810 W. St. Paul 
Ave., Milwaukee, Wis. 
A2, 3; B2, 3; C2, 3; D2, 3; E2, 3 


Superior Kendrick Bearings Inc., 312 S, 
Crawford St., Detroit 17, Mich. 
A2, 3, 9; B2, 3, 9; C2, 3, 9; D2, 3, 9 

(See Ad, Page 208) 


Terre Haute Bronze & Brass Foundry, 
Terre Haute, Ind. 
A2; B2; C2; D2; E2 


True Alloys Inc., 284 S. Summit Ave., 
Detroit 9, Mich. 
A2, 3; B2, 3; C2, 3; D2, 3; E2, 3 


Twentieth Century Brass Works Inc., 2601 
Hennepin Ave., Minneapolis 13, Minn. 
AlL2%C1.23 DI23 £28 


Waukesha Bearings Corp., Commerce & 
Pearl Sts., Waukesha, Wis. 
B2; ; be 


' "Gee Ad, Page 203) 


Western Brass Works, 1440 No. Spring, 
Los Angeles 12, Calif. 
Cl, 2,3 


E. A. William & Son, 325 Washington 
Ave., Carlstadt, N. J. 
A2; B2; C2; D2; E2 


Wisconsin Centrifugal Foundry Inc., 905 
E. St. Paul Ave., Waukesha, Wis. 
ss" B2, 3, 8; C2, 3, 8; D2, 3, 8; 


Cast Aluminum 


Aluminum bearing alloys are relatively 
new. Those used usually have excellent 
resistance to corrosion by acidic oils, good 
load-carrying capacity, and good fatigue 
resistance. Many of these aluminum alloys 
contain about 7 per cent tin, 1 per cent 
copper, and | or 2 per cent silicon or 
magnesium. 

The following list has a numeral code 

indicate construction, as follows: 

. Solid cast bearings from stock. 

. Solid bearings cast to order. 

. Solid bearings cast and machined to 

order. 

. Steel-backed cast bearings from stock. 

. Steel-backed bearings cast to order. 

. Steel-backed bearings cast and ma- 

chined to order. 

. No overlays. 

. Babbitt linings or overlays. 

. Graphite plugs or inserts. 

10. Other construction methods (written 
in). 
Allison Div., General Motors Corp., P. O. 

Box 894, Indianapolis 6, Ind. 


2, 3. Available with lead, lead-tin, lead- 
indium, or silver flash overlay. 


All-Metals Precision Casting Corp., 20 
School, Yonkers, N. Y. 
9 


Aluminum Co. of America, 1501 Alcoa 
Bldg., Pittsburgh 19, Pa. 
9 


American Auto Parts Co., 919 Bonham, 
Columbus, Ohio 
3 
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American Bearing Corp., Subsidiary of 
National Lead Co., 429 S. Harding, 
cee te Ind. 


American Metal Bearing Co., 2277 E. 16th 
~ Los Angeles 21, Calif. 


Ampco Metal Inc., 38th & Maple, Mil- 
waukee, Wis. 
2,3 

Birmingham Metal Products Inc., Box 57, 
hs County, Birmingham, Ohio 


Bohn Aluminum & Brass Corp., 1400 
Lafayette Bldg., Detroit 26, Mich. 


Buckeye Brass & Mfg. Co., 6410 Haw- 
thorne Ave., Cleveland 3, Ohio 


ey? 
Bumgardner & Co., Elm Grove, Wheeling, 
. Va. 
2,3 


The Bunting Brass & Bronze Co., 715 
Spencer St., Toledo 1, Ohio 
a’ 4 


my (See Ad, Page 211) 


Bushings Inc., 1701 Glenwood Ave., Phila- 
delphia 32, Pa. 


3 


Cleveland Graphite Bronze, Div. of Clevite 
Corp., 17000 St. Clair Ave., Cleveland 
10, Ohio 
3, 10 (lead-tin-copper overlay) 

(See Ad, Page 224) 


Climax Metal Products Co., 863 E. 140th, 
Cleveland 10, Ohio 
3 


Columbiana Engineering Co., 11 E. Salem, 
Columbiana, Ohio 
3, 5, 6 


The Derby Castings Co., 591 N. Main St., 
P. O. Box 111, Seymour, Conn. 
2&3 


Duro-Life Corp., 3335 S. Ridgeway Ave., 
” 


Chicago 23, Ill. 
2,3 


Erie Bronze Co., 19th & Chestnut St., 
Erie, Pa. 
2,3 


Federal Bronze Products Inc., 2 Wheeler 
Point Rd., Newark, N. J. 
23 


Federal-Mogul-Bower Bearings Inc., Fed- 
eral-Mogul Div., 11031 Shoemaker Ave., 
Detroit 13, Mich. 

3 


(See Ad, Page 215) 


P. J. Fobert & Co., 1720 Cloverfield St., 
Santa Monica, Calif. 
me 

Frontier Brenze Corp., 4870 Packard Rd., 
Niagara Falls, N. Y. 
9 


-s 


General Mfg. Corp., 21 Arnot Place, 


Lodi, N. J 
3 


The Harris Corp., 1000 Bridge St., Grafton, 
Wis. 
3, 6 


1961 Edition 


M. A. Harrison Mfg. Co. Inc., Route 113 
& Harrison Rd., Birmingham, Ohio 
3 

J. F. Hodgkins Co., Randolph-Gardiner, 
Me. 
ae 


Janney Cylinder Co., 7401 
Philadelphia 36, Pa. 
2 


State Rd., 


ee Bronze Co., New Castle, Pa. 
, 8 
(See Ad, Page 222) 


Magnus Metal Div., National Lead Co., 
lll Broadway, New York 6, N. Y. 
° 


se 


McQuay-Norris Mfg. Co., 2322 Marconi 
St., St. Louis 10, Mo. 
3 


Moccasin Bushing Co., 2000 Chestnut St., 
Chattanooga 8, Tenn. 


£34 
(See Ad, Page 202) 


National Bearing Div., American Brake 
Shoe Co., 717 Grant Bldg., Pittsburgh 
19, Pa. 
a2 

New Process Bronze Foundry Co., 1276 
E. 55th St., Cleveland 3, Ohio 

Owosso Bronze Bearing Co., N. Sniawas- 
see, Owosso, Mich. 

2 

Paulson Thomas & Son Inc., Union at 
Bond St., Brooklyn 31, N. Y. 

2 


Pioneer Motor Bearing Co., 116 Beacon St., 
South San Francisco, Calif. 
3, 5, 6 
Renewal Service Inc., 2720 N. 17th St., 
Philadelphia, Pa. 
2, 3, 8,9 
(See Ad, Page 200) 


The Shoop Bronze Co. Inc., 344—354 W. 
Sixth Ave., Tarentum, Pa. 


2, 


Slack-Horner Brass Mfg. Co., Box 838, 
Longmont, Colo. 
9 


=» 


Solon Industries Inc., 6370 SOM Center 
Rd., Solon 39, Ohio 
9 


Springfield Brass Co., 821-27 W. Main 
St., P. O. Box 448, Springfield 12, Ohio 
9 


2 


True Alloys Inc., 284 S. Summit Ave., 
Detroit 9, Mich. 
9 3 


- 


Waukesha Bearings Corp., Commerce & 
Pearl Sts., Waukesha, Wis. 
9 


(See Ad, Page 203) 


Wisconsin Centrifugal Foundry Inc., 905 
E. St. Paul Ave., Waukesha, Wis. 
9 


=) 


Other Cast Bearings 


Almost any metal can be cast into the 
shape of a bearing. Some are unsuited for 
bearing applications; some have particular 


properties that may be required in un- 
usual applications. Silver has outstanding 
metallurgical uniformity and fatigue resis- 
tance, and also excellent thermal conduc- 
tivity and high-temperature characteristics. 
Cast iron is sometimes used for low speed 
and low load applications. Steel or stain- 
less-steel] bearings are occasionally em- 
ployed because of their low cost and easy 
machinability. 

Construction of bearings in this list is 
indicated by a numeral code, as follows: 


1. Solid cast bearings from stock. 

2. Solid bearings cast to order. 

3. Solid bearings cast and machined to 
order. 

4. Steel-backed cast bearings from stock. 

5. Steel-backed bearings cast to order. 

. Steel-backed bearings cast and ma- 
chined to order. 

. No overlays. 

. Babbitt linings or overlays. 

. Graphite plugs or inserts. 

. Other construction methods (written 
in). 


American Auto Parts Co., 919 Bonham, 
Columbus, Ohio 
3 (cast iron) 

American Bearing Corp., Subsidiary of 
Nationa! Lead Co., 429 S. Harding, 
Indianapolis, Ind. 

6, 8 (silver) 


Atkinson Co., 575 Lyell Ave., Rochester, 
N. Y. 
3, 9 (nickel bronze) 

Buckeye Brass & Mfg. Co., 6410 Haw- 


thorne Ave., Cleveland 3, Ohio 
1, 3, 9 (manganese bronze) 


Cleveland Graphite Bronze, Div. of Cle- 
vite Corp., 17000 St. Clair Ave., Cleve- 
land 10, Ohio 
6, 10 (silver and alloys, lead-tin-cop- 
per overlay) 

(See Ad, Page 224) 


Columbiana Engineering Co., 11 E. Salem, 
Columbiana, Ohio 
3, 5, 6 (stainless-steel) 


General Mfg. Corp., 21 Arnot Place, Lodi, 
N 


6, 10 (silver, silver-lead) 


Haynes Stellite Co., Div. of Union Car- 
bide Corp., 270 Park Ave., New York 


17, N. Y. 
2 (cobalt-base alloys) 


Merkin & Lurie Industries, 13711 Joy Rd., 
Detroit 28, Mich. 
5, 6, 8, 10 (silver-plated, aluminum- 
backed 


Merriman Bros. Inc., Lubrite Div., 185 
Amory St., Jamaica Plain District, Bos- 
ton 30, Mass. 

2, 3, 8, 9 (cast iron, steel, stainless steel) 


National Bearing Div., American Brake 
ab Co., 717 Grant Bldg., Pittsburgh 
19, Pa. 

2, 3, 8 (manganese bronze, manganese- 
aluminum bronze) 


Owosso Bronze Bearing Co., N. Sniawas- 
see, Owosso, Mich. 
1, 2 (manganese bronze) 





PRODUCT DIRECTORY 


A LITTLE 
STUBBORNNESS 
GOES INTO 
OUR | 

SLEEVE 
BEARINGS 


Producing bronze sleeve bearings re- 
quires more than special tools and tech- 
niques. It demands proven design 
experience such as we have acquired 
through 25 years of bronze bearing pro- 
duction, That’s why we seem so insistent 
sometimes in our efforts to help with 
your bearing design. We have learned 
the hard way and are more than willing 
to share our experience with you. When 
we are convinced that a change will im- 
prove the bearing, cut production costs 
or ease assembly operations, you'll find 
our objections firm though constructive. 

So if you would like experienced help 
with a particular bearing design prob- 
lem—even to the recommendation of the 
proper alloy — be sure to take advan- 
tage of our specialized knowledge. We 
offer a full range of sizes in both cast 
and sintered bronze bearings including 
grooved and graphited items. In fact, 
it’s the largest variety of bronze bear- 
ings available anywhere. 

Would you like some useful informa- 
tion for your files? See the coupon 


below 
A Founding Member— 
Cast Bronze Bearing Institute 


T RENEWAL SERVICE INC. 
1705 Lehigh Ave., Phila. 32, Pa. 


Send me “Chemical and Physical Specifi- 
cations of the Bronze Alloys” which in- 
cludes MIL., SAE, Navy, Aero., ASTM, and 
Fed. Spec. Compoaratives. 


Name 


Company 





ernew ri 
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Pioneer Motor Bearing Co., 116 Beacon 
St., South San Francisco, Calif. 
5, 6, 10 (silver, lead-indium or tin- 
lead overlay) 

Renewal Service Inc., 2720 N. 17th St., 
Philadelphia, Pa. 
2, 3, 8, 9 (managanese bronze, nickel 
bronze, silicon bronze) 

(See Ad, Page 200) 


Sparta Mfg. Co., Dover, Ohio 
(Teflon) 1, 2,3 
(See Ad, Page 201) 


Metal Strip-Type 


Thinwall-strip bearings are used in con- 
nection with a housing. This permits a 
bearing to take full advantage of the 
strength and rigidity of the housing, yet 
the bearing surface has the conformability 
and embeddability characteristics associated 
with softer bearing metals. In general, 
there are two types of thinwall-strip bear- 
ings: 1. Cylindrical bushings. 2. Half bear- 
ings. Either of these types can be made 
with two or three layer construction to 
get full advantage of different character- 
istics of different metals. 

Each of the entries in the following list 
has a two unit code consisting of a letter 
and a numeral. The letters indicate the 
basic bearing material: 

A. Cast babbitt strip materials. 

B. Lead and lead alloys. 

C. Cast copper-lead alloys. 

D. Sintered copper-lead alloys. 

E. Wrought solid bronze alloys. 

F. Cast bronze alloys. 

G. Sintered bronze alloys. 

H. Sintered copper-nickel alloys. 

L. Silver and alloys. 

J. Aluminum and its alloys. 

K. Cadmium. 

The numerical code indicates bearing 
construction. Number | is for bearings 
with no backing strip; numbers 2-9 are 
for two-component bearings; and numbers 
10-21 are for three-component bearings 
(steel backing strip assumed). Here is the 
complete breakdown: 

. Solid construction, no backing strip. 

. Steel backing strip. 

. Bronze backing strip. 

. Brass backing strip. 

. Plain surface. 

. Indented surface. : 

. Graphite-filled indented surface. 

. Babbitt overlay. 

. Lead-indium overlay. 

. Lead-tin-copper overlay. 

. Copper-tin overlay. 

. Other overlays (written in). 

. Babbitt impregnant. 

. Graphite impregnant. 

. Molybdenum-disulfide impregnant. 

. TFE-graphite impregnant. 

. TFE and molybdenum-disulfide im- 
pregnant. 

. TFE and lead impregnant. 


hOnN=—=Se2OND awh = 


BSAAR 


= 


Allison Div., General Motors Corp., P. O. 
Box 894, —T 6, Ind. 
C2, 6; F2, 6; 12, 6, 12; J2, 6, 12 
American Metal Bearing Co., 2277 E. 16th 


St. Los eles 21, Calif. 
A2, 3; a 


Auto-Swage Products Inc., 
Sa ts., Shelton, Conn. 


Bohn Aluminum & Brass Corp., 1400 
Lafayette Bldg., Detroit 26, Mich. 
A2; BD; D2, id (lead-tin) 

Booker-Cooper Inc., 6940 Farmdale Ave., 
North Hellywood, Calif. 

G2, 6, 7, 8, 17, 19, 20 


Bushings Inc., 1791 Glenwood Ave., Phila- 
_ 32, Pa. 


Wooster & 


a Corp., 400 Myrtle Ave., Boonton, 
y? 

K6, 7,8 
Certified Metals Mfg. Co., 1940 River 


Rd., Cincinnati 4, Ohio 
A2, 3, 4, 6, 7; B2, 3, 4, 6, 7 


Cleveland Graphite Bronze, Div. of Cle- 
vite Corp., 17000 St. Clair Ave., Cleve- 
land 10, Ohio 
A2, 6; B2, 6, 12; C2, 6, 7, 8; D2, 6; El, 
6, 7, 8; J2, 6, 12 

(See Ad, Page 224) 


Condenser Service & Engineering Inc., 
150 Observer Highway, Hoboken, N. J. 
A2, 3, 4, 6, 7,8 


Detroit Aluminum & Brass Corp., 3975 
Christopher St., Detroit 11, Mich. 
A2, 10; B2, 10; C2; D2, 12; BP, 12; 


J2, 12 


Federal Bronze Products Inc., 2 Wheeler 
Point Rd., Newark, N. J. 
B6, 7, 8, 12, 13, 16; C6, 7, 8, 12, 13, 16; 
D6, 7, 8, 12, 13, 16; F6, 7, 8, 12, 13, 16 


Federal-Mogul-Bower Bearings Inc., Fed- 
eral-Mogul Div., 11031 Shoemaker Ave., 
Detroit 13, Mich. 

, 7; B2, 6, 7, 12; D2, 6, 7, 12; El, 
6, 7; J2, 6, 7 
(See Ad, Page 215) 


P. J. Fobert & Co., 1720 Cloverfield St., 
Santa Monica, Calif. 
A2, 6; B2, 6 


Fusion Bearing Co., 3102 W. Walnut, 
Milwaukee 8, Wis. 
A2, 3, 4; B2, 3, 4 


Special Products Dept., Garlock Inc., P. O. 
Box 612, Camden I, N. J. 
G2l 


General Mfg. Corp., 21 Arnot Place, Lodi, 
N 


12, 11 
General Motors Corp., Delco-Moraine 
Div., 1420 Wisconsin Blvd., Dayton 1, 


Ohio 
A2; El; H12, 15; 2 

Johnson 4 eta ie 14 ik . 
A2, 6; B2, . lb fs Os iead- 
tin), 16, 17; G2, 6, 7, 8, 12, 14 (lead- 
tin), 16, 17; Jl, 2, 6, 7, 8, 12 14 (lead- 
tin), 16, 17 

(See Ad, Page 222) 

Lamina Dies & Tools Inc., 14925 Eleven 
Mile Rd., Oak Park, Mich. 
E2 (electroplated instead of cast) 
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McQuay-Norris Mfg. Co., 2322 Marconi 
St., St. Louis 10, Mo. 
A2, 6; B2, 6; D2, 6, 10 

Pioneer Motor Bearing Co., 116 Beacon 
St., South San Francisco, Calif. 
A2, 3; C2, 10, 14 (lead-tin); Ill; J2 


Spadone-Alfa Corp., Old Boston Post Rd., 
South Norwalk, Conn. 
El, 2, 6, 8, 9 (Special compounded 
formula); Fl, 2, 6, 8, 9 (Special com- 
pounded formula) 
(See Ad, Page 226) 


E. R. Wagner Mfg. Co., 4611 N. 32nd St., 
— as ee 9, Wis. 


‘ : “The sky’s the limit? .. 
Plastic Strip-Type 3 


Thin sections of plastic materials are be- 
ing used in bearings more and more. 
Almost every nonmetallic bearing material 
has some special characteristic, whether it 
be self-lubricating properties or low cost, . 
that makes it more practical than metal 
bearings in certain specialized applications. TE | | tO Ni by Ss PA RTA 
Entries in this list are defined by a two- 
unit code consisting of a letter and a nu- 
meral. The letter indicates materials, in 
this manner: 
A. Nylon. 
B. TFE plastic. 
C. Others (written in). 
The number code indicates construction 
particulars. The coding system used is: 
. Solid construction, no backing strip. 
Steel becking strip. 
. Bronze backing strip. 
. Brass backing strip. 
5. Other backing strip material (written 
in). 
Plain surface. 
. Indented surface. 
. Graphite filled indented surface. 
. Graphite impregnant. 
. Molybdenum-disulfide impregnant. 
TFE plastic impregnant. 
. TFE-graphite impregnant. 
. TFE and molybdenum-disulfide im- | @ good example 
pregnant. : . , 
TFE and lead impregnant. of imaginative 


2) Other construction or different ma- thinking by Hagan Chemicals & Controls... 
ng oy Mag 


terials (written in). 


i GBI > 2 Sx 


4 omen phere 


A small pneumatic power positioner that drives vaives, dampers or other control 

Allied Plastics Supply Corp., 75 Cliff St., devices with an accuracy rating of 1% has been developed by Hagan Chemicals & Controls, 

New York 38, N. Y. inc., of Pittsburgh. To insure longer service life, reduced replacement and maintenance costs 
Al, 2, 3, 4; Bi, 2,3, 4 | and maximum reliability, Hagan specified TEFLON by SPARTA for the 3 parts shown. 


Associated Plastic Fabricators Inc., 166 This is but one example of the unlimited possibilities of imaginative designing teamed 
N. May, Chicago 7, Ill. with the know-how, facilities and research of Sparta Manufacturing Company. THINK of 
Al; BI TEFLON by SPARTA as the possible answer to your cost, design and performance problems... . 

ae > 146 Main S — | then CALL on the TEFLON experts at SPARTA to analyze your requirements and make recom- 

Bonney be g. \orp., Main ot., May- mendations based on these studies. A full-time staff engaged in research, planning and 
na Mass. ; : 2 ; A 

, “ . engineering hes constantly kept pace with the clamor for new and unique applications. 
Al; BI; Cl (FEP plastic, acetal resin) © s nanan . ppl 
’ P | Standard TEFLON shapes, such as tubing, rod, sheet, tape, moided billets and 
Carbone Corp., 400 Myrtle Ave., Boonton, “Q"' rings are always available. 


N. J. 
5 9 
Al, 2, 3, 4, 6, 7, 8; BI, 2, 3, 4, 6, 7, 8 Cali 4-2389 or write for detailed brochure or a visit from a sales engineer. 


Carmer Industries Inc., 22 N. 26th St, | 
Kenilworth, N. J. TWX-STBG-069. 
Al; BI | manufacturing company, dover, ohio 


Chicago Gasket Co., 1271 W. North Ave., 


Chicago 22, Ill. 
BI DIVISION OF UNITE STATES CERAMIC TILE COMPANY *Du Pont trademark for its TFE-fluorocarbon resin 
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BRONZE 
SLEEVE 
BEARINGS 


Desiqnens . 
TAKE ADVANTAGE 

OF NEW 

DESIGN INFORMATION 
THAT IS AVAILABLE 


write for 


Free Problem Work Book 
for Bronze Bearing Design 


This work book shows ways to 
simplify your calculations and con- 
tains work sheets to organize your 
work 


Take advantage of the load carry- 
ing capacity of the oil film in a 
Moccasin Bronze Bearing. The oil 
film can carry loads up to 20,000 
psi in a correctly designed bearing 
Correctly designed bronze bearings 
offer outstanding advantages 


FABRICATED TO FIT DESIGN 

OPERATE VERY QUIETLY 

LOW FRICTION 

VERY LONG LIFE 

LOW COST 
Moccasin engineers will be glad to 
make suggestions and recommenda- 
tions cn new designs. Moccasin has 
helped many companies redesign 


existing bearings to increase life, 
lower friction or to reduce costs 


Moccasin has been serving original 


equipment manufacturers for over 
50 years. We invite your questions 


MOCCASIN 
BUSHING CO. 


widyy ae a ole 
MEMRER 
T BRONZE BEAR 
Phone AM 7 9554 


sna 


“hestnut Street 


CHATTANOOGA 8, TENNESSE 
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Cosmo Plastics Co., 3239 W. 14th, Cleve- 
land 9, Ohio 
Al; Cl (FEP plastic) 


Crane Packing Co., 6400 Oakton St, 
a Grove, Ill. 


as gl Corp., 19-21 Burnside St., Bristol, 


Bl, 2, 6; C18, 19, 20, 21 (copper-tin) 
(See Ad, Page 213) 


John L. Dore Co., P. O. Box 7772, Hous- 
ton g ig 
Bl, dw = steel), 6, 7, 18, 19, 
20, 21: C (Fluorogreen E-110 TFE 
base composition), 1, 2, 5 (stainless 


steel) 


Emerson Plastiics Corp. 1383 Seabury 
Ave., Bronx 61, N. Y. 
1; Bl 
Engineered Nylon Products Co., Div. of 
ennatrack Corp., 2530 Bypass Rd., 
Elkhart, Ind. 
Al; Cl (acetal resin) 


Federal-Mogul-Bower Bearings Inc., Fed- 
eral-Mogul Div., 11031 Shoemaker Ave., 
Detroit 13, Mich. 


"Gee Ad, Page 215) 
wee Labs Inc., Box 305, Caldwell, 
i’ 
Al; Bl; Cl (glass-filled TFE, CTFE 


lastic) 


Franklin Fibre-Lamitex Corp. 18th & 
Market Sts. on PRR, Wilmington 99, 
Al BI 


Special Products 5 1 eam Inc., P. O. 
Box 612, Camden |, N. 
B2, 3, 4, 5 (stainless steel), 6 


Garlock Inc., Palmyra, N. Y. 
Al; B1;.Cl (acetal resin) 


Gilbert Plastics & Supply Co., 630 N. 
oa St., Baltimore 17, Md. 


Halogen Insulator & Seal Corp., 9999 
_ Ave., Franklin Park, Ill. 


Lamina Die & Tools Inc., 14925 Eleven 
Mile Rd., Oak Park, Mich. 
F2 (electroplated instead of cast) 


Lignum-Vitae Products Corp., 98D Boyd 
Ave., Jersey City 4, N. J. 
2, 3, 4, 6; BI, 2, 3, 4, 6 


Mastercraft Plastics Co. Inc., 95-01 150th 


St., Jamaica, N. 


Metzgar Conveyor Co., 412 Douglas St., 
N.W., Grand Rapids 4, Mich. 
Al 


Modern Industrial Plastics, Div. of The 
Duriron Co. Inc., 3337 N. Dixie Drive, 


Dayton 14, Ohio 
B2, 16, 17, 22 ‘orated steel back); 
C2, 16, 17, 2 P plastic, perforated 


steel back) 
Niles Corp. 50941 U. S. #31, South 


end, Ind. 


Pee-Wee Molding Corp., 1720 Atlantic 
are Brooklyn, N. Y. 


Pioneer Motor Bearing Co., 116 Beacon 
>. South San Francisco, Calif. 


The Polymer Corp., 2120 Fairmont Ave., 
Reading, Pa. 
Al; Bl; Cl (fluorosint TFE base com- 


position) 
Rampe Mfg. Co., 14915 Woodworth Ave., 
aE 10, “Ohio 


> Laem: Inc., Manheim, Pa. 


ives Mfg. Co., Dover, Ohio 
(See Ad, Page 201) 
Stelrema Corp., Box 1756, Gary 9, Ind. 
Al 


Thermech Engineering Corp., 1773 Lin- 
coln Ave., Anaheim, Calif. 
Bl, 2, 3,4 
W-L Molding Co., 8214 U. S. Highway 
131 S., Kalamazoo, Mich. 
Al, 2 3, 4, 16, 17; Bl, 2, 3, 4, 16, 17 
E. R. Wagner Mfg. Co., 4611 N. 32nd St., 
Milwaukee 9, Wis. 
Al 


Sintered Powdered Bronze 


Porous bronze bearings, generally filled 
with oil, are used in large quantities in 
such applications as household appliances, 
instruments, machine tools, office ma- 
chinery and etc. Usually, the material 
contains voids which take up about 20 
per cent of the volume. These voids 
act as reservoirs for lubricant. 

Items listed here are defined by a num- 
ber code, as follows: 

1. No impregnant or reinforcing ma- 
terial. 

. Oil impregnated. 

. Graphite impregnated. 

. Molybdenum-disulfide impregnated. 
. TFE plastic impregnant. 

. TFE and graphite impregnant. 

. TFE and molybdenum-disulfide im- 

pregnant. 

. TFE and lead impregnant. 

. Phenolic resin impregnant. 

. Lead powder impregnant. 

. Babbitt impregnant. 

. Copper impregnant or reinforcing. 

. Bronze impregnant or reinforcing. 

. Silver impregnant or reinforcing. 

. Cadmium impregnant or reinforcing. 
. Glass fiber impregnant. 

. Powdered glass impregnant. 

. Asbestos impregnant. 

. Cotton fiber impregnant. 


American Powdered Metals, Inc., Box 217, 
7 Philip Place, North Haven, Conn. 
2, 3, 4, 10 


Atlas Brass Foundry, Santa Fe at Ilth 
Sts., Los Angeles 21, Calif. 
9 


Beemer Engineering Co., Industrial Park, 
Fort A ee Pa. 
l, 2, . 


Booker-Cooper Inc., 6940 Farmdale Ave., 
North Hollywood, Calif. 
2, 3, 4, 5, 6, 7,9 
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Boston Gear Works, 64 Hayward St., . PE 
pa WAUKESHA 
9 
Bound Brook Ojil-Less Bearing Co., Lin- . 

coln Blvd., Bound Brook, N. J. SLIDING - SURFACE 


1, 2, 3, 4 
Rea BEARINGS 


Brockway Pressed Metals Inc., Box ‘ 
Brockway, Pa. 
2, 3, 4 

The Bunting Brass & Bronze Co., 
Spencer St., Toledo 1, Ohio 
2, 3, 10 


(See Ad, Page 211) 


Carbon City Products Co. Inc., 58 Ford 
Rd., St. Marys, Pa. 
1,2 

Chicago Powdered Metal Products Co., 
9700 Waveland Ave., Schiller Park, Ill. 
2, 3, 10 


Chrysler Corp., Amplex Div., P. O. Box 
2718, Detroit 31, Mich. 
9 


Cleveland Powder Metal Inc., 320 S. Water 
St., Kent, Ohio 


l, y & . 


Compacted Metals Corp., 99 Greenwood 
Ave., Waukegan, Ill. 
9 


Dixon Sintaloy Inc., 535 Hope St., Stam- 
ford, Conn. 


1234 Precision bearings specifically 
Eaton Mfg. Co., Powdered Metals Div., engineered for power equipment 


325 Jay St., Coldwater, Mich. 
25 
Ferro Powdered Mettals Inc., Box 312, Whether it be a single custom-made 
Salem, Ind. bearing of unusual design or a volume 
1,2, 3,4 | production run, Waukesha will meet 
Garland Bearing Co., 1464 Waterloo Rd., your most critical requirements. Wau- 
Barberton, Ohio kesha uses a wide variety of materials 
1,2 such as babbitted alloys, phenolics, 
General Mfg. Corp., 21 Arnot Place, Lodi, graphite, bronze and rubber. A group 
N. Y. of trained engineers in the power field 
, provides specialized service in appli- 
~—— ant en Cr ~, Wy ey cation design and technique. Complete 
IV., Wa isconsl va., ayto . . ° 
Ohi a a customer service and quality control 
2 are assured. 


Gilbert Plastic & Supply Co., 630 N. Send us your requirements or ask for 
Pulaski St., Baltimore 17, Md. lling servi WwW 
5678 our counselling ce. We are eager 

to serve you. 

Indar Corp., Subsidiary of P. R. Mallory 
Co. Inc., 3448 Shelby St., Indianapolis 5, 
Ind 

a! The complete Waukesha 

Bearings story is explained in 

International Powder Metallurgy Co. Inc., three catalogs . .. write for 
439 iy Main St., Ridgway, Pa. = your copies today. 


1, 2,3, 


Johnson Bronze Co., New Castle, Pa 
1, 2, 3, 4, 10 
(See Ad, Page 222) 


Keystone Carbon Co., 1935 State, St. 
Marys, Pa. 
2, 3,4 
(See Ad, Page 219) 


Kwikset Powdered Metal Products, 516 : DEPT. 8B, WAUKESHA, ress ae 
E. Santa Ana St., Anaheim, Calif. ‘ 
2, 3, 4, 9, 10 


} 

2 

oe, 
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PRODUCT DIRECTORY 


NYLON 


Bearings, Sleeves, 


Bushings, 


CONTRACT MOLDED 


BY KIRK 


Cost Less, 
Last Longer* 
than Steel 
or Brass 


Molded to your specifica- 
tions in quantity, they give 
longer service than most con- 
ventional metals wherever 
friction is tough, speed is high 
Kirk nylon components pro- 
vide more silent operation, 
greater strength and dura- 
bility, shock absorbence, tem- 
perature resistance, lighter 
weight and flexibility of design. 

If you have requirements in 
economical quantities, let us 
give you complete details. 

*if unlubricated, equal if lubricated 


Circle B-42 on Page 137 


Pulleys 








Metal Ceramics Powdered Metal Products, 
1511 Mannheim Rd., Melrose Park, Ill. 


Metal Powder Products Inc., P. O. Box 
189, Logan, Ohio 
a2 


Mueller Brass Co., 1925 
Port Huron, Mich. 
1,2 


National Molded Products Inc., 1942 Mill, 
St. Marys, Pa. 
1, 2, 3, 4, 9, 10 


Northfield Precision Instrument Corp., 
4400 Austin Blvd., Island Park, L. L, 
N. Y. 


Lapeer Ave., 


2, 4 

Norwalk Powdered Metals Inc., P. O. 
Box 271, Muller Park, Norwalk, Conn. 
2 


Powdercraft Corp., 750 Hayne St., Spar- 
tanburg, S. C. 


- 


Precision Metal Products Co., P. O. Box 
129, Clydesdale Ave., Ellwood City, Pa. 
2 


Reese Metal Products Corp., 537 Howard 
Ave., Lancaster, Pa. 
1,2,3,4 


Renewal Service Inc., 2720 N. 17th St., 
Philadelphia, Pa. 
9 


(See Ad, Page 200) 


Rocky Mountain Metals Inc., 3200 Century 
Ave., Colorado Springs, Colo. 


1, 2, 3, 


Roller Bearing Co. of America, Sullivan 
Way, West Trenton, N. J. 
2 


St. Marys Carbon Co., 1939 State Rd., 
es” Pa. 


Sintered Metals Inc., 3390 Washington 
St., Boston 30, Mass. 
2, 3, 10 


Symmeo Inc., S. Park St., Sykesville, Pa. 
ya 
Thermech Engineering Corp., 1773 Lin- 
coln Ave., Anaheim, Calif. 
5, 6, 7,8 


Triangle Mfg. Co., 736 Division St., Osh- 
kosh, Wis. 


iz (See Ad, Page 225) 


The United States Graphite Co., Div. of 
The Wickes Corp., 1621 Holland Ave., 
Saginaw, Mich. 


*” See Ad, Page 216, 217) 


Wakefield Bearing Co., 29 Foundry St., 
Wakefield, Mass. 
2, 3, 4, 10, 11 


Sintered Powdered Iron 


Porous-iron bearings sometimes actually 
contain up to 10 per cent copper. Also, 
they contain voids, usually with a vol- 
ume of 20-25 per cent. Powdered-iron 


bearings are cheaper and can carry 
heavier loads than porous bronze bear- 
ings, but they require more attention 
to secure an adequate supply of lubricant, 
Surface limit speed of porous iron is 
about 30 per cent lower than porous 
bronze. 
Items listed here are defined by a num- 
ber code, which is: 
1. No impregnant or reinforcing ma- 
terial. 
. Oil impregnated. 
. Graphite impregnated. 
. Molybdenum-disulfide impregnated. 
. TFE plastic impregnant. 
. TFE and graphite impregnant. 
- TFE and molybdenum-disulfide im- 
pregnant. 
8. TFE and lead impregnant. 
9. Phenolic resin impregnant. 
10. Lead powder impregnant. 
12. Copper impregnant or reinforcing. 
13. Bronze impregnant or reinforcing. 
14. Silver impregnant or reinforcing. 
15. Cadmium impregnant or reinforcing. 


American Powdered Metals, Inc., Box 217, 
7 Philip Place, North Haven, Conn. 
2,3,4 

Atlas Brass Foundry, Santa Fe at | 1th Sts., 
Los Angeles 21, Calif. 

9 


Beemer En ineering Co., Industrial Park, 
Fort hwy ington, Pa. 


Boston Gear Works, 64 Hayward St., 
oar 71, Mass. 
2, 


Bound Brook Oil-Less Bearing Co., Lin- 
coln Blvd., Bound Brook, N. J. 
1,2,3,4 
(See Ad, Page 207) 


Brockway Pressed Metals Inc., Box 218, 
Brockway, Pa. 
2, 3, 4, 12 


The Bunting Brass & Bronze Co., 715 
Spencer St., Toledo 1, Ohio 
2, 3, 10, 12, 13 
(See Ad, Page 211) 


Carbon City Products Co. Inc., 58 Ford 
Rd., St. Marys, Pa. 


Chicago Powdered Metal Products Co., 
9700 Waveland Ave., Schiller Park, Ill. 
2 0 


24 

Chrysler Corp., Amplex Div., P. O. Box 
2718, Detroit 31, Mich. 
2, 12 


ar go 4 Metal Inc., 320 S. Water 
Kent, 
2 3, 4, 12, 13, 14, 15 


Compacted Metals Corp., 99 Greenwood 
Ave., Waukegan, Ii. 
2 


Dixon Sintaloy Inc., 535 Hope St., Stam- 
ford, Conn. 


1, 2, 3, 4, 10 


Eaton Mfg. Co., Powdered Metals Div., 
—. Jay St., Coldwater, Mich. 
2, 
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Ferro Powdered Metals Inc., Box 312, 
Salem, Ind. 


1, 2,3,4 


Garland Bearing Co., 1464 Waterloo Rd., 
Barberton, Ohio 


General Motors Corp., Delco-Moraine 
Div., 1420 Wisconsin Blvd., Dayton 1, 
Ohio 
2 


Indar Corp., Subsidiary of P. R. Mallory 
Co. Inc., 3448 Shelby St., Indianapolis 5, 
Ind. 


1,2,3 


International Powder Metallurgy Co. Inc., 
439 W. Main St., Ridgway, Pa. 
1, 2, 3, 4, 12, 13, 14, 15 


Johnson Bronze Co., New Castle, Pa. 
1, 2, 3, 4, 10 
(See Ad, Page 222) 
Keystone Carbon Co., 1935 State, St. 
Marys, Pa. 
2, 3, 4 


=“ “> 


(See Ad, Page 219) 


Kwikset Powdered Metal Products, 516 E. 
Santa Ana St., Anaheim, Calif. 
2, 3, 4, 9, 10, 12 


Metal Ceramics Powdered Metal Products, 
1511 ' seme Rd., Melrose Park, IIl. 
1, 2, 


Metal Powder Products Inc., P. O. Box 
189, Logan, Ohio 
La oe 12. 13 


Mueller Brass Co., 1925 Lapeer Ave., Port 
Huron, Mich. 
1, 2, 12 


National Molded Products Inc., 1942 Mill, 
St. Marys, Pa. 
1, 2, 3, 4, 9, 10, 11 


Norwalk Powdered Metals Inc., P. O. Box 
271, Muller Park, Norwalk, Conn. 
9 


- 


PIC Design Corp., Subsidiary of Benrus 
Watch Co. Inc., 477 Atlantic Ave., East 
Rockaway, N. Y. 

9 


Powdercraft Corp., 750 Hayne St., Spar- 
tanburg, S. C. 
2, 12 


Precision Metal Products Co., P. O. Box 
129, Clydesdale Ave., Ellwood City, Pa. 
9 


Reese Metal Products Corp., 537 Howard 
Ave., Lancaster, Pa. 


Renewal Service Inc., 2720 N. 17th St., 
Philadelphia, Pa. 
2 


(See Ad, Page 200) 
Rocky Mountain Metals Inc., 3200 Century 
Ave., Colorado S rings, Colo. 
1, 2, 3, 4, 12, 13, 14, I 
Roller Bearing Co. of America, Sullivan 
Way, West Trenton, N. J. 
2 


St. Marys Carbon Co., 1939 State Rd., 
St. Marys, Pa. 
yD 
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: [| 
| } }—+—+ 


“1 High Tem 


| V vorrosive Conditions — 
BB mid Altitudes a8 


“A Lybrigation 
wear | 


Many standard grades . . . countless specials . . . with 
physicals to match your performance requirements 
exactly. Outline your application for a prompt recom- 
mendation. STACKPOLE CarBon Co., St. Marys, Pa. 


ROCKET NOZZLES + PUMP VANES + TURBINE RINGS + GRAPHITE CHEMICA . 

REGULATOR DISCS + BRUSHES FOR ALL ROTATING ELECTRICAL cOUIPAENT AWELDING § Shae 
ING TIPS + ELECTRICAL CONTACTS + CERAMIC MAGNETS «+ FERROMAGNETIC CORES «+ FIXED & 
VARIABLE COMPOSITION RESISTORS . . . and many other carbon, graphite and electronic products. 
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PRODUCT DIRECTORY 


GET THE FACTS 
=a 


LONG WEARING 
LOW FRICTION 


UNIQUE (OIL-FREE) 


SELF-LUBRICATING 


BUSHINGS 


EXCELLENT DURABILITY - CONSTANT 
COEFFICIENT OF FRICTION - APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
—450° to +700°F 
OPERATE DRY, OR AT HIGH SPEEDS 
ee ee eee 
LIQUID GASES - NON-CONTAMINATING 
1M POOOSTUFFS - EXCELLENT FOR 
CURRENT-CARR YING BEARINGS 


For TROUBLE-FREE OPERATION 
WITH NO DOWNTIME 


At high, medium or low temperatures, in 
1) Dryers, Ovens, Kilns, Refuse Burners; 
2) Textile, Printing, Food, Dairy Machinery; 
3) Oxygen Pumps, -Airborne Servomechanisms. 


HANGER > a 
BEARINGS 2.5 a . 


Self-aligning, fer Lou- 
ver, Shutter or Damper 
installations in hot, 
dusty, inaccessible 
locations. 


Send for Bushing In- 


PILLOW 
BLOCKS 
quiry Form 1078 and 


Self-aligning or = Our brood experience 
split or solid hi is to solve 
and block. your pam 


diel Ra | 
easily 
removed. 








GRAPHITE METALLIZING CORPORATION 
1045 Nepperhan Ave. 2 


[] Pieese send date on © Olt-tree 

















rome 


a ee ee ce ee ee ee ee 











Sintered Metals Inc., 3390 Washington 


St., Boston 30, Mass. 
Symmco Inc., S. Park St., Sykesville, Pa. 
Thermech Engineering Corp., 1773 Lin- 

coln Ave., Anaheim, Calif. 

5, 6, 7,8 
Triangle Mfg. Co., 


kosh, Wis 
1,2 


736 Division St., Osh- 


(See Ad, Page 225) 


The United States Graphite Co., Div. of 
The Wickes Corp., 1621 Holland Ave., 
. Mich. 


(See Ad, Page 216, 217) 


Wakefield Bearing Co., 29 Foundry St., 
Wakefield, Mass. 
2, 3, 4, 10, 11, 12 


Graphite 


Carbon-graphite bearings are noted for 
their inherent lubricity and excellent wear 
resistance at high temperatures. Because 
of its self-lubricating properties, graphite 
bearings can be used in contact with low 
viscosity fluids such as water and gasoline. 

Entries in this list are defined by a 
two-unit code consisting of a letter and 
a numera!. The letter indicates whether 
or not a reinforcing metal sleeve is an 
integral part of the bearing. A stands 
for nonreinforced, and B stands for rein- 
forced bearings. The numeral code is: 

. No impregnant or reinforcing ma- 
terial 

. Oil impregnated. 

. Molybdenum-disulfide impregnated. 

. TFE plastic impregnated. 

. TFE and molybdenum-disulfide im- 
pregnated. 

. TFE and lead impregnated. 

. Phenolic resin impregnated. 

. Lead powder impregnant. 

. Babbitt impregnant. 
Copper impregnant or reinforcing. 

. Bronze impregnant or reinforcing. 

. Silver impregnant or reinforcing. 

. Cadmium impregnant or reinforcing. 


Carbone Corp., 400 Myrtle Ave., Boonton, 
N. 


Ai 5, 7, 9, 11, 12, 13, 14, 15; BI, 
2, 5, 6, 7, 9, 11, 12, 13, 14, 15 


Dixon Sintaloy Inc., 535 Hope St., 
fo nn. 


Al, 2, 11, 12 


Garland Bearing Co., 1464 Waterloo Rd., 
Barberton, Ohio 
Al, 2; BI, 2 


Gilbert Plastics & Supply Co., 630 N. 
Pulaski St., Baltimore 17, : 


A5, 7, 8 


Stam- 


Graphite mg | Corp., 1050 Nepper- 
han, Yonkers, 
All, 12, 13, 14, “15: Bil, 12, 13, 14, 15 


(See Ad, Page 206) 


Koppe: Inc., Piston Ring & Seal 
Bent, Ae O. Box 636, Baltimore 3, Md. 
Metallized Carbon Co. Inc., 19 S. Water 
St., Ossining, N. Y. 
All, 12, 13, 14, 15 


om 48th Ave., Long 
Island . 


AS, Il, ig. “14 B9, 11, 12, 13, 14 
Both ~% available with antimony an 
glass impregnants. 
(See Ad, Page 209) 
National Carbon Co., Div. of Union 


Carbide Corp., 270 Park Ave. New 
York 17, N. Y. 
Al 


Morganite nee 


Ohio Carbon al 12508 Berea Rd., 


wee ll, Ohi 
% y's 12 13, 14, 15; B2, 4, 


A2, 4, 9 
9, 10, il, 12, 13, 14, 15 
(See Ad, Page 228) 
Pure Carbon Co. Inc., 441 Hall Ave. 
St. Marys, Pa. 
Al; BI 
17th St. 


Renewal Service Inc., 2720 N. 


Philadelphia, Pa. 
Bl 
(See Ad, Page 200) 
St. a oa Co., 1939 State Rd., 


= Mary 
. * iy ‘10, 11, 12 13, 14, 15; BI, 


23, 8 id, 11, 12, 13, 14, 15 


Seidene Alte Corp., Old Boston Post Rd., 
South Norwalk, Conn. 
Al3; BI3 


(See Ad, Page 226) 
Speer Carbon Co., Theresia St., St. Marys, 
Al, 2, 9, 11, 12, 14 
Stackpole Carbon Co., Carbon Div., St. 


Marys, Pa. 
Al, 4, 9, 12, 14; BI, 4, 9, 12, 14 
(See Ad, Page 205) 
Stein Seal Co., 20th St. & Indiana Ave., 
On; - acme 32, Pa. 


Thermech Engineering Corp., 1773 Lin- 
- Ave., Anaheim, Calif. 


Triangle Mfg. Co., 736 Division St., Osh- 


—_ Wis. 
(See Ad, Page 225) 
The United States Graphite Co., Div. of 
The Wickes Corp., 1621 Holland Ave., 
Saginaw, Mich. 
Al, 2 
(See Ad, Page 216, 217) 


Waukesha Bearings Corp., Commerce & 
Pearl Sts., Waukesha, Wis. 


Al; Bl 
(See Ad, Page 203) 


Cemented Carbide 


Pressed and sintered particles of tungs- 
ten carbide in a cobalt matrix provide a 
very hard and wear resistant bearing 
material. 
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Aurele M. Gatti Inc., 524 Tindall Ave., 
Trenton 10, N. J. 


General Electric Co., Metallurgical Prod- 
ucts Dept., Box 237, Roosevelt Park 
Station, Detroit 32, Mich. 


Vascoloy-Ramet Corp., 800 Market St., 
Waukegan, IIl. 


John Worley Jewel Co., North Falmouth, 
Mass. 


Ceramic 


Fused aluminum oxide and _ boron 
nitride are some of the ceramic mate- 
rials which have been used where a hard 
and wear resistant bearing surface is 


needed. 
Marlin-Rockwell Corp., 402 Chandler St., 


Jamestown, N, Y. 


National Beryllia Corp., 4501 Dell Ave., 
North Bergen, N. J. 


Nylon 


As long as loads and speeds are kept 
below certain limits, so that the surface 
of the material doesn’t melt, nylon bear- 
ings perform exceptionally well with little 
or no lubrication. If melting does occur, 
however, nylon has a strong tendency 
towards pick-up on a shaft and rapidly 
destroys itself. 

Entries in this section have a two-unit 
code consisting of a letter and a numeral. 
The letter indicates manner of forming 
the bearing: 

A, Molded. 

B, Sintered. 

C, Machined. 

The numeral code indicates impregnants 
or reinforcing materials available, as fol- 
lows: 

. No impregnant or reinforcing material. 
2. Oil impregnated. 

3. Graphite impregnated. 

. Molybdenum-disulfide impregnated. 

. Lead powder impregnant. 

2. Copper .impregnant or reinforcing. 

3. Bronze impregnant or reinforcing. 

5. Glass fiber impregnant. 

. Powdered glass impregnant. 


Allied Plastics Supply Corp., 75 Cliff St., 
New York 38, N. Y. 
Al; BI; Cl 


Associated Plastic Fabricators Inc., 166 
N. May, Chicago 7, Ill. 
Cl 

Blanke Plastic Co., Watson Industrial 
Park at Route #66, Crestwood, Mo. 
Al 


Blue Water Plastics Co., 317 S. Whiting, 
St. Clair, Mich. 
Al; Cl 


Bonny Mfg. Corp., 146 Main St., Maynard, 


Mass. 
Al, 3, 4, 10, 12, 13, 16, 17; BI, 3, 4, 10, 
12, 13, 16, 17; Ci, 3, 4, 10, 12, 13, 16, 17 
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Thousands of ways to cut bearing costs lie 
in our huge stock of high-precision dies for 
sintered bronze or iron bearings. The world’s 
largest inventory of dies is ready at an in- 
stant’s notice to turn out the exact bearings 
you need .. . without the delay or expense of 
tooling. One more assurance of the excep- 
tional service you can expect of Bound Brook. 


BOUND BROOK BEARING 
CORPORATION OF AMERICA 


A BIRFIELD COMPANY 


—eT Pioneer in Powder Metallurgy Bearings and Parts + Plants at Bound Brook, N.J. and Sturgis, Mich. 


Circle B-45 on Page 137 
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CAST BRONZE 
BUSHINGS and 
BEARINGS 


YOU CAN GET 


CLOSER GRAIN 
+ HIGHER TENSILE 
GREATER TIGHTNESS 


WHEN YOU SPECIFY 


CAST BRONZE 
MELTED BY 


— 
Steet 7 


THERE IS NO EXTRA COST! 


Properly designed, and properly 
lubricated, bronze sleeve bear- 
ings are quieter, last longer and 
are cheaper. The CBB! Design 
Manual shows you how. 


54 YEARS OF EXPERIENCE. 
NATIONWIDE SALES. 


WHAT YOU WANT WHEN 
YOU WANT IT. 


ONLY CERTIFIED 
PURCHASED. 


INGOT 


BULLETIN AVAILABLE 
showing comparative microphoto- 
graphs and tensile strengths. 


WRITE 


Super IOP Kenprick 
BEARINGS, INC. 


Since 1907 
310 SOUTH CRAWFORD 
DETROIT 17, MICHIGAN 
Circle 8-46 on Page 137 


Byrd Plastics Inc., 2950 W. 12th St., 





—— Bearings Inc., U. S. 6 W., Bremen, 
Ind. 
A3, 16 


The Bunting Brass & Bronze Co., 715 
Spencer St., Toledo 1, Ohio 
ci 
(See Ad, Page 211) 


Erie, 
Pa. 
Al 


~— Corp., 400 Myrtle Ave., Boonton, 


N. J. 
Bl, 3, 4; Cl, 3, 4 


Carmer Industries Inc., 22 
Kenilworth, N. J. 
Cl 


N. 26th St., 


Chili Plastics Inc., 
Chili, N. Y. 
Al; Cl 


Clark Products, 1149 S. Main St., 
fis. 
Al 


Cleveland Powder Metal Inc., 
St., Kent, Ohio 


9 
“> 


56 Plastic Rd., North 
Racine, 
320 S. Water 


Climax Metal Products Co., 863 E. 140th, 
Cleveland 10, Ohio 


Al; C 


Cosmo Plastics Co., 
land 9, Ohio 
Al 


Du Bois Plastic Products Inc., 
Florida, Buffalo 8, N. Y. 
4 


3239 W. 14th, Cleve- 


152-178 


Emerson Plastics 
Ave., Bronx 61, N. 
Cl 


Engineered Nylon Products Co., Div. of 
Kennatrack Corp., 2530 Bypass Rd., 
Elkhart, Ind. 

Ad 


Fluorulon Labs Inc., Box 


Corp. 1383 Seabury 


305, Caldwell, 
Al; Cl 

Franklin Fibre-Lamitex Corp. 18th & 
Market Sts. on PRR, Wilmington 99, 
Al, 16, 17; BI; Cl, 3, 4, 16, 17 


Garland Bearing Co., 1464 Waterloo Rd., 
Barberton, Ohio 
Al; Cl 


General Bearin 
West Nyack, 
Al 


- Inc., P. O. Box 455, 


Gilbert Plastics & Supply Co., 
Pulaski St., Baltimore 17, Md. 
Al; Bl; Cl 


Gries Reproducer Corp., 119 Beechwood 
a ew Rochelle, N. Y. 
A 


630 N. 


Halogen Insulator & Seal Corp., 9999 
_ Ave., Franklin Park, Ill. 


Ideal gag a 


184-10 Jamaica Ave., 
Hollis, 
Al 


International Powder Metallurgy Co. Inc., 


| The Iten Fibre Co., 


| 


439 W. Main St., Ridgway, Pa. 

Bl, 2,3, 4 

5400 Bower Ave., 
, Ohio 


F. dj Kirk Molding Co. Inc., 32 Brook St., 
= Mass. 


(See Ad, Page 204) 


Laminated Sheet Products Corp., 449 Ne- 
ae, Norwood, Mass. 


Lignum-Vitae Products Corp., 98D Boyd 
hs Jersey City 4, N. ]. 
Cc 


—s Conveyor Co., 412 Douglas St. 
Q , Grand Rapids 4, Mich. 


Moldings & Extrusions Inc., Wauregan, 
nn. 


Al 


= Corp., 50941 U. S. #31, South Bend, 
Ind. 
Al 


Nylon Molding Corp., 141 S. Ave., 
wood, N. J. 
Al 


Gar- 


Nylon Products Corp., Stone & Plain Sts., 
Clinton, Mass. 


A3, 4 
Nyloncraft Inc., P. O. Box 2041, 


Bend, Ind. 


Al 


O & S Bearing & Mfg. Co., 777 W. Eight 
Be Rd., Whitmore Lake, Mich. 


South 


Pee-Wee Molding Corp., 1720 Atlantic 
Ave, Brooklyn, N A 


, 


Penn Fibre & Specialty Co. Inc., 2032 E. 
ee St., Philadelphia 34, Pa. 


Plastiglide Mfg. Corp., Pipco Industrial 
Parts Div., 1757 Stanford St., Santa 
Monica, Calif. 

Al 


The ag A Corp., 2120 Fairmont Ave., 
Reading, P 
Al, 2, 3, 4; ‘Bl, 2, 3,4 


Rampe Mfg. Co., ne Woodworth Ave., 
Cleveland 10, 


, 


Renewal Service Inc., 2720 N. 
Philadelphia, Pa. 
Cl 


(See Ad, Page 200) 


Rocky Mountain Metals Inc., 3200 Century 
Ave., Colorado Springs, Colo. 
Bl, 2, 3,4 


Springfield Moulders Inc., Palmer Rd., 
oe Mass. 
Al, 


Stelrema Corp., Box 1756, Gary 9, Ind. 
Al, 4 


17th St. 


Thermech Engineering Corp., 1773 Lin- 
coln Ave., Anaheim, Calif. 
Cl 


Thomson Industries Inc., Dept. 
hasset, N. Y. 
Al 


Tri-Point Plastics Inc., 
Rd., Albertson, L. L, N. Y 
Cl 


United Plastic Industries Inc., 52 Brown, 


Vassar, Mich. 
Al 


10, Man- 


4 di U. Willets 
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Use this designers’ check-list for 
W-L Molding Co., 8214 U. S. Highway 


131 S., Kalamazoo, Mich. 
mpi nnn RGANITE 
Rubber MO 


Rubber bearings are particularly well acs pan R B O N 


suited for use in water. They are often 
used on propeller shafts of ships and 
small boats; also on deep well pumps, 
gravel washers, and other devices. The 
softness and resilience of rubber allows it 


to absorb sand and grit particles without 
scoring the shaft. | Performance-proven Grades to Solve 


a Wide Range of Design Problems 


CY SERIES -—Piain carbon graphite. Excellent for bear- 


Byron-Jackson Div., Borg-W % 
"hoe SIT, Tanah) Anton Lan Anas | ings, vanes, valves and other mechanical components. 


54, Calif. 

(See Ad, Page 214) MY SERIES - Metallized carbon graphite. Provides 
extra-long life in difficult applications wherein operating 
conditions are severe. 











American Metal Bearing Co., 2277 E. 16th 
St., Los Angeles 21, Calif. 


Clevite Harris Products Inc., Lockwood 
Rd., Milan, Ohio 


Franklin Fibre-Lamitex Corp, 18h &| PY SERIES —Non-metallized carbon graphite. Spe- 
ee OS Oe Ee, We et cially treated for use in high pressure seals. 


B. F. Goodrich Industrial Products Co., | EY SERIES — Provides exceptionally high-reliability in 


Div. of The B. F. Goodrich Co., 500 S. high temperatures (to 1000° 
Main St., Akron 18, Ohio the Poe of gh tempe ( 


Waukesha Bearings Corp., Commerce & 
Pearl Sts., Waukesha, Wis. 


(See Ad, Page 203) 





Teflon 


TFE plastic is not as hard, not as strong, 
and is less resistant to abrasion at room | 
temperature than nylon. The reverse is | 
true, however, at elevated temperatures. 
Another important characteristic of TFE 
plastic is its corrosion resistance and low | 
coefficient of friction. 

Entries in this list have a two-unit code | 
consisting of a letter and a numeral. The | 
code is: 
. No impregnant or reinforcing ma- | 

terial. 

Graphite impregnated. 

. Molybdenum-disulfide impregnated. 

. Lead powder impregnant. 

. Copper impregnant or reinforcing. 
3. Bronze impregnant or reinforcing. Self-lubricating Morganite possesses many different advan- 
tages capable of solving a wide range of operating problems. These de- 
Glass fiber impregnent. pendable materials are specified for a broad list of components ranging 

from bearings in sealed mechanisms to electrical contacts operating in 

. Powdered glass impregnant. extremes of temperature. 


Scenes Sngragnent. Cali or write for literature or recommendations on specific 

applications. Morganite sales engineers will be happy to explain the 

Allied Plastics Su upply Corp., 75 Cliff St., advantages of Morganite for use on original equipment or as replacement 
New York 38, parts in your maintenance projects. 


Al, 3, 4, 16, 17, 18; BI, 3, 4, 16, 17, 18; 
C3, 4, 16, 17, 18 
Angocttal, Frets Inc., 166 N. . FOR OVER HALF A CENTURY 
, Chi 7, Ill. 
ma CORPORATED 


2 ~~ 3314 48th Ave., Long Island City 1, New York 
Bonny Mfg. Corp., 146 Main St., May- in ne Co Ltd., T 
nard, Mass. Canada: Morgani nada oronto 


Al, 3, 4, 10, 12, 13, 16, 17; BI, 3, 4, 10, | sManutacturers of Fine Carbon Graphite Products including Mechanical Carbons, Motor and Generator Brushes, Carbon Piles, 
12, 13. 16. 17: Cl 4. 10 12, 13, 16, 17 Current Collectors and Electrical Contacts. Distributors of 99.7% Pure Al,0, ‘Tubes, Crucibies and Crusilite Heating Elements 


we 
——_ 


. Silver impregnant or reinforcing. 


1961 Edition Circle B-47 on Page 137 209 





PRODUCT DIRECTORY 


THE BUSHING 
FOR EXTRA 
HEAVY SERVICE 


ROL-MAN is the steel which, for over 
forty years, has been solving the most 
severe heavy duty wear problems in 
quarrying, railroading, iron 
and steel manufacturing, and allied 


mining, 
heavy industries. 


ROL-MAN 11.00% to 14.00% Rolled 
and Forged Manganese Stee! is the 
wear hardening steel identical in anal- 
ysis to the original Hadfield steel. As 
a bushing, it is ideal for heavily 
loaded, slow moving applications, used 


with or without lubrication 


are now being 


ROL-MAN bushings 
successfully used for: 


Bucket and Clamshell Hinges 
Thrust Washers 

Chain 

Locomotive Suspensions 


Ore Bridge Suspensions 


Incidentally, a ROL-MAN pin is an ex 


cellent combination in use with a 
ROL-MAN bushing 


full information 


Write today for 


The Wea Resistant Steel 





MANGANESE STEEL FORGE C0. 


Richmond Street and Castor Avenue 


PHILADELPHIA 34, PA. 
Circle 8-48 on Page 137 
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| Carbone Corp., 400 Myrtle Ave., Boonton, 
N 


Bi, 3, 16, 17; Cl, 3, 16, 17 


Chicago Gasket Co., 1271 W. North Ave., 
Chicago 22, Il. 
Al, 3, 4, 10, 12, 16, 17, 18; BI, 3, 4, 10, 
12, 16, 17, 18; Cl, 4, 4, 10, 12, 16, 17, 18 


Crane Packing Co., 6400 Oakton St., Mor- 
ton Grove, Il. 
A3, 4, 13, 16, 18; B3, 4, 13, 16, 18; C3, 
4, 13, 16, 18 


John L. Dore Co., 
ton 7, Tex. 


P. O. Box 7772, Hous- 


AS, 6, 7, 8; BS, 6, 7, 8; CS, 6, 7, 8 
Dixon Corp., 19-21 Burnside St., 
R. I 


Bristol, 


Al, 3, 4, 10, 12, 13, 14, 16, 17, 18; BI, 
3, 4, 10, 12, 14, 16, 17, 18; Cl, 3, 4, 10, 
12, 13, 14, 16, 17, 18 

(See Ad, Page 213) 


Emerson gg Corp., 1383 Seabury Ave., 
Bronx 61, N. Y 
Al, 3, 4,12, 16, 17, 18; Bl, 3, 4, 12, 16, 
17, , 3,4, 12, 16, 17, 18 


Foraon Labs Inc., Box 305, Caldwell, 
& 
Al, 3, 4, 16; Bl, 3, 4, 16; Cl, 3, 4, 16 


Franklin Fibre-Lamitex Corp. 18th & 
Market Sts. on PRR, Wilmington 99, 
Del. 

Al, 3, 4, 10, 16, 17; BI, 3, 4, 10, 16, 17; 
Cl, 3, 4, 10, 16, 17 


Garland Bearing Co., 
ss Ohio 


1464 Waterloo Rd., 


Garlock Inc., Palmyra, N. Y. 
Al, 3, 16; Bl, 3, 16; Cl, 3, 16 


Gilbert Plastics & Supply Co., 630 N. 
Pulaski St., Baltimore 17, Md. 
Al, 16; BI, 16; Cl, 16 


Halogen Insulator & Seal Corp., 9999 
Pacific Ave., Franklin Park, Ill. 
Al, 3, 4, 16, 17; BI, 3, 4, 16, 17; Cl, 3, 
4, 16, 17 


Joclin Mfg. Co., 30 Lufbery Ave., Walling- 
ford, Conn. 
A3, ‘4, 10, 12, 13, 16, 17, 18; B3, 4, 10, 
12, > 16, 17, 18; C3, 4, 10, 12, 13, 16, 
17, 18 


Kurz-Kasch Inc., 1415 S. Broadway, Day- 
ton 1, Ohio 
Al, 3, 4, 16, 17; Bl, 3, 4, 16, 17 


Laminated Sheet Products Corp. 449 
Neponset, Norwood, Mass. 
Cl 


Lignum-Vitae Products Corp., 98D Boyd 
Ave., Jersey City 4, N. J. 
Mastercraft Plastics Co. Inc., 95-01 150th 
St, comaice. N. Y. 

Al; Bl; 


Micro-Precision Div., Micromatic Hone 
Corp., 1535 Grande Vista, Los Angeles 
23, Calif. 

Al6 


Modern Industrial Plastics, Div. of The 
Duriron Co. Inc., 3337 N. Dixie Drive, 
Dayton 14, Ohio 
A3, 4, 12, 17 


Pioneer Motor Bearing Co., 116 Beacon St., 
South San Francisco, Calif. 
Cl6, 17 


The Polymer Corp., 2120 Fairmont Ave., 
Sarat a Pa. 


Raybestoe-Manhettan Inc., Packing Div., 
92 Townsend St., Passaic, N. 
Al 3 3, 4, 17, 18; BI, 3, 4 IT, 18; Cl, 3, 


wiwee yo Inc., Manheim, Pa. 
1, 4, 16, 18; Bl; C, Cl, 4, 16, 18 


Renewal Service Inc., 2720 N. 
sea, Pa. 
(See Ad, Page 200) 
Sparta Mfg. Co., Dover, Ohio 
, 6, 7; BS, 6, 7; CS, 6, 7 
(See Ad, Page 201) 
La ay Corp., 1773 Lincoln 
re Way 


5 a6, 1 BI, ‘3, 4, 16, 18; Cl, 3, 


17th St. 


Tri-Point Plastics Inc., 175 I U. Willets 
Rd., Albertson, L. L, N. Y. 
Al; BI; Cl 


W-L Molding Co., 8214 U. S. Highway 
131 S., Kalamazoo, Mich. 
Al, 3, 4, 10, 16; Cl, 3, 4, 10, 16 


Phenolic 


Reinforced phenolic materials have ex- 
ceptionally good bearing characteristics. 
They have a low wear rate and coeffcient 
of friction; and they operate well with oils, 
greases, or water. Also, phenolics stand 
up well under severe impact and shock 
loads. 

Entries in this list have a two-unit code. 
In general, phenolic bearings are available 
made with two methods. These methods, 
and their identifying code letters are: A, 
Molded phenolics; B, Laminated phenolic- 
cotton. The numerical code used is: 

1. No impregnant or reinforcing ma- 
terial. 

2. Oil impregnated. 

3. Graphite impregnated. 

. Molybdenum-disulfide impregnated. 
5. TFE plastic impregnant. 

9. Phenolic resin impregnant. 

16. Glass fiber impregnant. 

17. Powdered glass impregnant. 

18. Asbestos impregnant. 

19. Cotton fiber impregnant. 


Allied Plastics Supply Corp., 75 Cliff St., 
York 38, N 


American Brake Shoe Co., American 
Brakeblok Div., P. O. Box 21, Birming- 
a Mich. 


, 18, 19 


American Metal Bearing Co., 2277 E. 16th 
St., Los Angeles 21, Calif. 
Bl 


ee Corp., 400 Myrtle Ave., Boonton, 
N. J. 
A3, 19 
Continetal Diamond Fibre, Subsidiary of 
The Budd Co., 70 Chapel St., Newark 
45, Del. 
A3, 4, 19; B3, 4 
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Emerson Plastics Corp., 1383 Seabury Ave., 
i: 61, N. Y. 


Franklin Fibre-Lamitex Corp. 18th & 
Market Sts. on PRR, Wilmington 99, 


Al, 2, 3, 4, 17, 18 °9; BI 2,3, 4 


Friction Products Mfg. Co., 1000 S. E. 
ih Portland 14, Ore. 


Gatke Corp., 228 N. LaSalle, Chicago 1, Ill. 
Ad, 18, 19; B3, 6 


Gilbert Plastics & Supply Co., 630 N. 
Pulaski St., Baltimore 17, Md. 
Al, 16, 18; BI 


The Iten Fibre Co., 5400 Bower Ave., 
Ashtabula, Ohio 


Joclin Mfg. Co., 30 Lufbery Ave., Walling- 
ford, Conn. 


A3, 4; B3, 4 


Kurz-Kasch Inc., 1415 S. Broadway, Day- 
ton I, Ohio 
A3, 16, 18, 19 


Laminated Sheet Products Corp. 449 
~ammaae Norwood, Mass. 
l 


Lignum-Vitae Products Corp., 98D Boyd 
rg ee City 4, N. J. 


Mastercraft Plastics Co. Inc., 95-01 150th 
St., Jamaica, N. Y. 
Al; BI 


Murray Plastics Co., 58 River Rd., New 
Hamburg, N. Y. 
Al; Bl 

National Bearing Div., American Brake 
Shoe Co., 717 Grant Bldg., Pittsburgh 
19, Pa. 
B3 

Penn Fibre & Specialty Co. Inc., 2032 E. 
rmanaace St., Philadelphia 34, Pa. 


Raybestos-Manhattan Inc., Packing Div., 
92 Townsend St., Passaic, N. J. 
Al, 18 


The Richardson Co., 2795 Lake St., Mel- 
rose Park, Ill. 
Al, 3; B1,3 

Jos. T. Ryerson & Son Inc., 16 & Rock- 


well St., Chicago, III. 
Bl, 18 


. Louis Bearing Co., 333 East B, Wil- 
mington, Calif. 
A9; B9 


St. Regis Paper Co., Panelyte Div., En- 
terprise Ave., Trenton 8, N. J 
B4 


Spaulding Fibre Co. Inc., 310 Wheeler, 
Tonawanda, N. Y. 


Al, 4 


Synthane Corp., Oaks, Pa. 
B3 


W-L Molding Co., 8214 U. S. Highway 
131 S., Kalamazoo, Mich. 
Al, 3, 4, 16, 18, 19 


Waukesha Bearings Corp., Commerce & 
Pearl Sts., Waukesha, Wis. 
Bl 


(See Ad, Page 203) 
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3—PLAIN BEARINGS 


bearings and parts 


Take the simple, sure, direct route to lower manufacturing 
and maintenance cost. Design into your product Bunting 
Standard Stock Bearings. You avoid inventory investment, 
delays, confusions, production problems by the immediate 
availability in small or large lots, from local distributors all 
over America, of hundreds of different stock sizes of com- 
pletely finished cast bronze and sintered bronze bearings and 
bars, aluminum bars and Nylon shapes. 


Special design bearings not obtainable from stock can be pro- 
cured immediately at low cost from Bunting fully equipped 
machine shops in five industrial centers. The wide range of 
sizes of Bunting Stock Cast Bronze and Sintered Bronze Bearings 
makes the alteration of a stock item to a special bearing easy 
and economical. Bunting Cast Bronze, Sintered Bronze, Alum- 
inum Bars and Nylon shapes provide the materials for special 
requirements which cannot be made from stock bearings. Your 
local Bunting Distributor can arrange for such work. 


A large staff of bearing engineers in the field stands ready to assist 
in the use of these Bunting stock products and in the designing of 
bearings or components for extraordinary applications. Two big, 
modern plants assure ample production capacity at all times for bear- 
ings and parts made from all modern metals and materials. 


See Bunting’s complete catalog, Sweets Product Design File 11C/BU or 
ask for Bunting’s General Catalog, Form 158; Nylon Catalog, Form 32; 
Technical Handbook on Bunting Nylon, Form 33; The Technology of Bunting 
Aluminum, Form 46; Engineering Handbook of Powder Metallurgy, Form 1; 
Bunting Machine Shop Service, Form 4. 


The BUNTING Brass and Bronze Company 


TOLEDO 1, OHIO 
BRANCHES IN PRINCIPAL CITIES 


Circle B-49 on Page 137 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF CAST BRONZE, SINTERED METALS, ALUMINUM ALLOYS AND NYLON 
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“Gd 


JEWEL BEARINGS 


THROUGH 
UNIFORM 
QUALITY 


Circle B-5O on Page 137 
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— Oilless Bearing Co., 





Westinghouse Electric Corp., Micarta Div., 
Hampton, S. 


A3, 4; B3, 4 


Other Plastic Bearings 


New plastic materials are being devel- 
oped and introduced continually. Most of 
the latest materials are high-strength 
plastics with good rigidity. 

In the following list, bearing materials 
available are written in, along with a 
numerical code. The code indicates re- 
inforcing materials or impregnants avail- 
able. The coding system is: 

. No impregnant or reinforcing material. 
2. Oil impregnated. 

3. Graphite impregnated. 

. Molybdenum-disulfide impregnated. 

5. TFE plastic impregnant. 

. Phenolic resin impregnant. 

. Lead powder impregnant 
2. Copper impregnant or reinforcing. 

. Bronze impregnant or reinforcing. 

. Glass fiber impregnant. 

. Powdered glass impregnant. 


143 Berkley 
t.. Wayne Junction, Philadelphia 44, 
P 


a. 
2 (plastic alloy) 


|Blanke Plastic Co., Watson Industrial 
| Park at Route #66, Crestwood, Mo. 
1 (acetal) 


| Bonny Mfg. Corp., 146 Main St., May- 
nard, Mass. 


1, 3, 4, 10, 12, 13, 16, 17 (FEP piastic) 


| Byrd Plastics Inc., 2950 W. 12th St. 
Erie, Pa. 
1 (polycarbonate plastic) 


Clark Products, 1149 S. Main St., Racine, 
Wis. 
1 (acetal) 


Climax Metal Products Co., 863 E. 140th, 
Cleveland 10, Ohio 
1 (acetal) 


Casmo Plastics Co., 3239 W. 14th, Cleve- 
land 9, Ohio 
1 (FEP plastic) 


John L. Dore Co., P. O. Box 7772, Hous- 
ton = Tex. 
(Fluorogreen E-110 TFE base composi- 
tion) 5 


Engineered Nylon Products Co., Div. of 
Kennatrack Corp., 2530 Bypass Rad., 
Elkhart, Ind. 

1 (acetal resin) 


Gries Reproducer Corp., 119 Beechwood 
Ave., New Rochelle, N. Y. 
1 (acetal plastic) 


Ideal Plastics Corp., 184-10 Jamaica Ave., 
Hollis, N. Y. 
1 (polypropylene) 


Kwikset Powdered Metal Products, 516 
E. Santa Ana St., Anaheim, Calif. 
2, 3, 4, 9 (stainless steel) 


Metal Powder Products Inc., P. O. Box 
189, Logan, Ohio 
1, 2 (powdered brass, powdered nickel 
silver) 


Modern Industrial Plastics, Div. of The 
Duriron Co. Inc., 3337 N. Dixie Drive, 
Dayton 14, Ohio 
3, 4, 12, 17 (FEP plastic) 

Raybestos-Manhattan Inc., Manheim, Pa. 
1 (asbestos-phenolic) 


Spaulding Fibre Co. Inc., 310 Wheeler, 
Tonawanda, N. Y. 
1 (laminated phenolic paper, laminated 
phenolic-asbestos per or cloth), 4 
(laminated phenolic-asbestos paper or 
cloth) 


Stelrema Corp., Box 1756, Gary 9, Ind. 
1 (acetal, molded) 


United Plastic Industries Inc., 52 Brown, 
Vassar, Mich. 
1 (acetal plastic) 


Other Plain Bearings 


Many types of journal bearings have 
been developed over the years to meet the 
need¢ of particular pieces of machinery. 
Most of the more common types of spe- 
cialized bearings are listed here, and iden- 
tified by a letter code. Here is the key to 
the code: 

. Spherical or rod-end bearings. 

. Pillow blocks. 

. Flange units. 

. Pivoted-shoe bearings. 

. Fiber or composition bearings, un- 
supported. 

. Fabric or fiber bearings, backed by 
shell or strip. 

G. Wood bearings. 

H. Jewel bearings. 

I. Glass bearings. 

J. Agate bearings. 

K. Other types of plain bearings. 


Accurate Bushing Co., Smith Bearing 
a 443 North Ave., Garwood, N. J. 


American Bearing Corp., Subsidiary of 
National Lead Co., 429 S. Harding, 
eee Ind. 


American Metal Bearing Co., 2277 E. 
16th St., Los Angeles 21, Calif. 
A, B, D 


American Powdered Metals, Inc., Box 217, 
ne Place, North Haven, Conn. 


American Wood Working Co., Montello, 


is. 


Analogue Controls Inc., 200 Frank Rd., 
Hicksville, L. L, N. Y. 
K (Air and Gas Bearings 


Arguto Oilless Bearing Co., 143 Berkley 
t., Wayne Junction, Philadelphia 44, 


Pa. 

A, B, C, E. G, K (Plastic Alloy) 
Automation Bearings Corp., 120 Colonial 

Ave., Bridgeport, Conn. 

A 


Beemer Engineering Co., Industrial Park, 
Fort Washington, Pa. 
A, B, C, 
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Richard H. Bird & Co. Inc., 1 Spruce St., 
a ee 54, Mass. 


, (See Ad, Page 212) 


Bogert & Hopper Inc., 101 W. 31st, New 


York 1, N. Y. 
G 


Boston Gear Works, 64 Hayward St., 
“eos 71, Mass. 


Bronze Bearings Inc., 3553 W. Addison 


. Chicago 18, Ill. 
(See Ad, Page 22'") 


Bulova Watch Co. Inc., Turtle Mountain 
_ Rolla, N. D. 


Bushings Inc., 4358 Coolidge Highway, 
P. O. Box 189, Royal Oak, Mich. 
A, K (Rubber-Mounted Sleeve Bear- 
ings) 

Carbon City Products Co. Inc., 
Rd., St. Marys, Pa. 
A, C 

Chambersburg Lumber Co., 
pure, Pa. 


58 Ford 
Chambers- 


Chicago Wood & Plastic Products Co., 
a W. Irving Park Rd., Chicago 41, 


7 
Chrysler Corp., Amplex Div., 
2718, Detroit 31, Mich. 
A 


P. O. Box 


Cleveland Graphite Bronze, Div. of Clev- 
ite Corp., 17000 St. Clair Ave., Cleve- 
land 10, Ohio 
K (Railroad Journal Cartridge) 


(See Ad, Page 224) 


Cleveland Powder Metal Inc., 320 S. 
aa St., Kent, Ohio 


Climax Metal Products Co., 863 E. 140th, 


Cleveland 10, Ohio 
B 


Nathan Cohen Inc, 1519 North 2lst, 
_ 21, Pa. 


Condenser Service & Engineering Inc., 150 
Observer Highway, Hoboken, N. J. 
B 


Dixon Sintaloy Inc., 535 Hope St., Stam- 
ford, Conn. 


A, B, C,D 
Dodge Mfg. Corp., 1952 William, Misha- 


waka, Ind 


B, C 


Engineered Nylon Products Co., Div. of 
Kennatrack Corp., 2530 Bypass Rd., 
_ Ind. 


E. B. Estes & Sons, 100 Fifth Ave., New 
a. ll, N. Y. 


The Fafnir Bearing Co., 37 Booth St. 
New Britain, Conn. 

F, K (TFE Rod-End Bearing) 
Ferro Powdered Metals Inc., Box 312, 
Salem, Ind. 

A, B, C 


1961 Edition 


Franklin Fibre-Lamitex Corp., 18th & 
[a Sts. on PRR, Wilmington 99, 


E, F 


Aurele M. Gatti Inc., 524 Tindall Ave., 
Trenton 10, N. J. 
H, J 


Gilbert Plastics & Supply Co., 630 N. 
POLE Baltimore 17, Md. 


Goldens’ Foundry & Machine Co., 6th 
Ave. & 12th St., Columbus, Ga. 
B, K, (Hanger Boxes and Take-Ups) 


B. F. Goodrich Industrial Products Co., 
Div. of The B. F. Goodrich Co., 500 
S. Main St., Akron 18, Ohio 
K (Soft Rubber) 


Graphite Metallizing Corp., 1050 Nepper- 
han, Yonkers, N. Y. 
A, B, C, K (Miniature Flange) 
(See Ad, Page 206) 


Halogen Insulator & Seal Corp., 9999 Pa- 


cific Ave., Franklin Park, Ill. 
Cc 


The Harris Corp., 1000 Bridge St., Graf- 


ton, Wis. 
D 
The Heim Co., Fairfield, Conn. 
A 
(See Ad, Page 220) 
Industria! Jewel Bearing Co., Morrisville, 
a. 
H, J. K (Tungsten Carbide) 
International Powder Metallurgy Co. Inc., 
439 W. Main St., Ridgway, Pa. 
A 
Irwing Mfg. Co. Inc., 111 Main, Garland, 
Pa. 
G 
Johnson Bronze Co., New Castle, Pa. 
(See Ad, Page 222) 


Kahr Bearing Corp., 812 S. Flower St., 
esa Calif. 


(See Ad, Page 218) 


Hugo P. 5%! Jr., 50 E. 42nd St., New 
York 17, N. 


H, K (Carbide) 


Keystone Carbon Co., 1935 
Marys, Pa. 
A 


(See Ad, Page 219) 


State, St. 


Kingsbury Machine Works Inc., Tacka- 
wanna & Church Sts., Philadelphia 24, 
Pa. 

D 


Lignum-Vitae Products Corp., 98D Boyd 
Ave., Jersey City 4, N. J. 
B, C, F, G 


Link-Belt Co., Prudential 

Floor), Chicago 1, Tl. 
B, C, K (Take-Up Units) 
(See Ad, Page 223) 


Plaza (17th 


Manganese Steel Forge Co., Richmond 
St. & Castor Ave., Philadelphia 34, Pa. 
K (Manganese Steel Bushings) 

(See Ad, Page 210) 




















3—PLAIN BEARINGS 


Self-Lubricating RULON Puts 
Wear-Free Care-Free Per- 
formance Into Your Designs 


More and more designers rely on 
RULON bearings to take high loads 
and speeds, extreme temperature 
ranges, corrosive conditions . . . to 
insure greater service life . . . and 
to cut costly main- 
tenance. 
Because of its low co- 
efficient of friction, 
Dixon’s RULON 
(reinforced TFE) 
keeps frictional heat 
down, guarantees 
low starting torque 
and smooth vibra- 
tion-free perform- 
ance. RULON parts 
are reinforced to 
resist wear and 
deformation under 
load. Also chem- 
ically inert, RULON 
won't swell in the 
| presence of liquids 
. . keeps its mechan- 
ical properties over —400°F to 
+500°F range. And because RULON 
parts can run completely dry, they 
contribute vital performance advan- 
tages where designs call for inacces- 
sible or lube-free radial, thrust, or 
reciprocating bearings. 
You'll solve a lot of problems when 
you look at your designs with 
RULON in mind . . . stamped, post- 
formed, machined or molded parts 
. specially reinforced fluorocarbons 
for special applications. Also a wide 
variety of basic shapes 
in RULON or Teflon. 
Write for Brochure 
#9572, or look up our 
catalog in Sweet's Prod- 
uct Design File. DIXON 
CORPORATION, 100 
BURNSIDE STREET, 
BRISTOL, R. 1. @ DuPont T.M. 


DIXON 


Circle 8-51 on Page 137 
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Metal Ceramics Powdered Metal Products, 
1511 Manheim Rd., Melrose Park, Iil. 
A 


Metal Powder Products Inc., P. O. Box 
189, Logan, Ohio 
A 


Metallized Carbon Co. Inc., 19 S. Water 
St., Ossining, N. Y. 

Micro-Precision Div., Micromatic Hone 
Corp., 1535 Grande Vista, Los Angeles 
23, Calif. 

A 


Morgan Construction Co., Morgoil Bear- 
ing Dept., 15 Belmoni St., Worcester 5, 
Mass. 
K (Special Roll-Neck Bearings—Com- 
bines a sliding-type journal beari ba) 
a tapered-roller Tentas for dust loots 

(See Ad, Page 228) 


Morganite Inc., 33-02 48th Ave. Long 
Island City 1, N. Y. 
B, C, 
(See Ad, Page 209) 


Moser a Co., Fayette & Dorsey, Perth 
Amboy ]. 
H, I 


National Molded Products Inc., 
St. Marys, Pa. 
A 


1942 Mill, 


Norwalk Powdered Metals Inc. P. O. 
Box 271, Muller Park, Norwalk, Conn. 
A 


O & S Bearing & Mfg. Co. 777 W. 
Eight Mile Rd., Whitmore Lake, Mich. 
A, F, K (Nylon and Phenolic Combina- 


tions in Metal Sleeve) 


Ohio Carbon Co., 12508 Berea Rd., Cleve- 
land 11, Ohio 


(See Ad, Page 228) 


Oil-Less Bearings Inc., 13 Cypress St. 
Worcester 8, Mass. 
G 


PIC Design Corp., Subsidiary of Benrus 
Watch Co. Inc., 477 Atlantic Ave., East 
Rockaway, N. Y 
A, B, C,H 

Paramount Oilless Bearing Co., 99 Hope 
Ave., Worcester 3, Mass. 

B, C, G 

Parts Mfg. Co. Inc., P. O. Box 582, Green- 

_ Mass. 


Penn Fibre & Specialty Co. Inc., 2032 
E. Westmoreland St., Philadelphia 34, 
Pa. 

E 

Pioneer Motor Bearing Co., 116 Beacon 
St., South San Francisco, Calif. 

c,D 


Powdercraft Corp., 750 Hayne St., Spartan- 
burg, S. C 
A, B, C 


Precision Metal Products Co., P. O. Box 
129, Clydesdale Ave., Ellwood City, Pa. 
A, C 


Radial Bearings Corp., 123 Taylor St., 
Danbury, Conn. 
A 


Randall Graphite Bearings Inc., P. O. Box 
839, Greenlawn & Lake Sts., Lima, Ohio 


Shaft Saver’ 


FLUID-LUBRICATED 
BEARINGS 


. protect your shaft in a cushion of rubber! 


BJ] fluid-lubricated rubber bearings reduce noise, vibra- 


tion and abrasive wear . . 
minimum shaft deflection. 


. support heaviest loads with 
The fluted rubber bearing 


surface is super-bonded to an outer shell of brass, stain- 
less steel, aluminum, fiberglass or Byplex (a special fibrous 


material impregnated with phenolic resin). 


all-rubber types, too. 


SIZES. 60 standard sizes, 


5Y,”. 


for shafts from %” 
Or we will manufacture to customer specifications, 


Available in 


through 


with choice of bearing lengths, rubber liners and sleeve 


materials. 


Write today for information (please include bearing 
dimensions and quantities) 


BJ INDUSTRIAL BEARINGS 


A BORG-WARNER PRODUCT 


Box 2017 “B”-A, Terminal Annex, Los Angeles 54, California 


Circle B-S2 on Page 137 


Raway Bearing Co., 141 M Chrysite St, 


— York 2, N. Y. 


Rocky Mountain Metals Inc., 3200 Cen- 
ed Ave., Colorado Springs, Colo. 


Roller Bearing Co. of America, Sullivan 
hel West Trenton, N. J. 


Henry Rowe Mfg. Co., 1954 Henry, New- 
ays, Mich. 


St. Marys Carbon Co., 1939 State Rd., 


St. Marys, Pa. 
A, C 


St. Louis Bearing Co., 333 East B, Wil- 
mington, Calif. 


B, C, D, E, F,G 


Regis Paper Co., are Div., En- 
“eri Ave., Trenton 8, N. J. 


Sandy Hill Iron & Brass tag 27 
Allen St., Hudson Falls, N. 
K (Special Self-Oiling Pillow’ Block 


Type) 


Southwest Products Co., 1705 S. Moun- 
tain Ave., Monrovia, Calif. 
A, B, C, E, F 
(See Ads, Page 226 and 228) 


Spadone-Alfa Corp., Old Boston Post Rd., 
South Norwalk, Conn. 


"(Gee Ad, Page 226) 


Split Ball Bearing Div., Miniature Preci- 
sion Bearings Inc., Highway 4, Lebanon, 
H. 


= 
Superior Kendrick Bearings Inc., 312 S. 
pares St., Detroit 17, Mich. 
(See Ad, Page 208) 
Swiss American Jewel-Bearings Co., 42 
ony Lane, Floral Park, N. Y. 


Swiss Jewel Co., Lafayette Bldg., Phila- 


delphia 6, Pa 
H 
, 3750 E. Outer Drive, Detroit 
K "diy Film Bearing) 
The Torrington Co., P. O. Box 118, 
Torrington, Conn. 
A 


Triangle Mfg. Co., 736 Division St., 


Oshkosh, Wis. 
(See Ad, Page 225) 
Vallorbs Jewel Co., 59 Lancaster Rd., 


Lancaster, Pa. 
H 


Wakefield Bearing Co., 29 Foundry St., 
Wakefield, Mass. 
G 


Waterloo Wood Bearing Co., P. O. Box 
67, Cedar Falls, lowa 
G 


Waukesha Bearings Corp, Commerce & 
Pearl Sts., Waukesha, Wis. 
D 


(See Ad, Page 203) 
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30 MILLION OF THESE JET-FORMED SPHERES IN 
EVERY INCH OF BEARING SURFACE! 


JET PROCESS BLASTS MOLTEN ALLOY 
INTO UNIFORM PARTICLES .. . so small 


that thirty million will form a thin layer 
only one inch square! This sintered layer 
is the bearing surface of Federal-Mogul 
sleeve bearings. 


Molten copper-lead, alloyed to exact 
specifications, is poured into a special 
inert-atmosphere reaction crucible. Here 
it’s blasted by a high-speed fluid jet to 
form the dense powder shown at left. 


Because of the uniform particle size of 
this powder, the bearing surface of each 
F-M copper-lead sleeve bearing has pre- 
cisely the same alloy composition and 
high adhesion to the steel backing as 
every other F-M bearing of the same 


alloy type! 


YOU CAN SEE THE CONSISTENT SIZE 
in the photomicrograph. What you can’t see 
is the consistent alloy composition which 
produces uniform bearing properties and 
performance in any alloy type. 


Federal-Mogul makes engine bearings for 

every condition of speed and load. You can 

select from among five different sintered 

copper-lead alloys, all permanently bonded 

to precision-formed steel backing. Our 

Engineering Department is available to you 

for consultation or recommendations on 

bearing design and application. For more 

information, write Federal- 

Mogul Division, 11045 Shoe- A COMPLETE LINE! Steel backed bearings with a selection of many different alloys for vir- 

maker, Detroit 13, Michigan. Fipeeel tually any bearing application—Plain and bimetal bushings in bronze, steel or aluminum. Precision 
thrust washers in solid bronze, or sintered alloys on steel (one or both faces). Rolled split spacer 
tubes in steel, aluminum or stainless, 


sleeve bearings DIVISION OF 


FEDERAL-MOG U L. Bagg ‘torra-mocu-sower 


BEARINGS, INC. 
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what are 
your bearing 
requirements ? 


A different demand . . . or set of demands. . . is made of bearings in every 
different product. Chief considerations may be: minimum noise level . . . 
corrosion resistance . . . low unit cost... wear resistance to oscillating or 
sliding motion . . . operation in presence of moisture . . . or others. When 
considering a sintered metal bearing for your product, it is essential that 
you obtain the correct alloy. The wide range of GRAMIX alloys, together 
with the long experience of our engineering staff in working with bearing 
applications, assures you of getting the best possible bearing for your 


product. 


THERE 1S A GRAMIX 


(A PRODUCT OF POWDER METALLURGY) 


FOR YOUR 





Certainly, there is such a thing as a “general purpose” 
sintered bearing alloy ...GRAMIX Grade 400 fills this role, 
and does it well. But there are also applications that demand 
special alloys, designed to do a specific job better. There is 
a wide range of GRAMIX alloys to meet every individual 
design consideration. Properties of these alloys vary widely: 
tensile strengths range from 8,600 psi to 25,000 psi. . . 
elongations from 1% to 10%! Operating characteristics 
also vary. For example, under conditions where there is 
minimum lubrication, GRAMIX Grade 183 (copper, tin, 
lead, nickel) is recommended. For heavy duty operation in 
a surplus of oil, GRAMIX Grade 401P1 (copper, tin, lead, 
carbon) is preferred. These few facts convey an idea of the 
wide design range of GRAMIX alloys. There is one that 
exactly fits your product... 


THE UNITED STATES 


GRAPHITAR™ carson-crapmite * GRAMIX” powner wetaurcy ° MEXICAN® crapuire prooucts * USG° prusnes 
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BEARING ALLOY 
DESIGN REQUIREMENTS 


ENGINEERING BULLETIN No. 18 





A NEW GRAMIX ENGINEERING BULLETIN TO HELP THE 
PRODUCT DESIGNER IN SPECIFYING SINTERED BEARINGS 


Product engineers who specify bearing materials will 
find Engineering Bulletin No. 18 of great help. It presents 
in concise form much of the knowledge we have accumu- 
lated since 1924, when GRAMIX was first produced. 
Design requirements, metallurgical considerations, and 
G R AM | xX. alloy selection are all discussed. A table of data on 
B E A R | N G S GRAMIX alloy composition and physical characteristics 
such as density, tensile strength, elongation, and radial 
mee oe anata crushing strength is included. The section devoted to 
sane SAAEER selecting the right GRAMIX alloy to fit greatly differing 
product requirements is an ideally simplified guide to 
this complex subject. Write for your copy of Engineering 
Bulletin No. 18 today. 








THE OMITTED STATES GRAPHITE COmPanY 











X-113-2R 


were 
GRAPHITE COMPANY 
DIVISION OF THE WICKES CORPORATION, SAGINAW 7. MICHIGAN 
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; 


PLAIN SPHERICAL 
BEARINGS 
ROD ENDS 


Tele llo] Mm lelele ks KAHR BEARING CORPORATION, 
anticipating the giant strides taking 
place in technological advancement, is 
prepared to assist you in the develop- 
ment of new and unusual applications. 
Our engineering department is fully 
equipped with complete testing facili- 
ties, and is prepared to offer you the 
fuliest technical consulting assistance 
available. 


Thrust 


Mis-alignment 


With the finest of production equip- 
ment and ten years experience in this 
field as specialists in the manufacture 
and design of self-aligning, spherical 
bearings and rod ends, used in all types 
of industry, you can depend on KAHR 
for performance to meet your design 
requirements. 

















(CANE 
\ [| A 


| a: a Re Ban ao ee ee ee ay ie ae eee 
812 South Flower Street Burbank, California 
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A QUALITY PRODUCT 
EXCELLENT SERVICE 
COMPETITIVE PRICES 





BEARINGS 


HE BEARINGS WITH A MILLION OIL WELLS 


The Keystone reputation for better bearings in every field is 

based upon downright quality of product and service—with extensive 
distribution reflecting Keystone’s realistic price policy. 

® Selflube bearings are available in porous bronze, porous iron, and all 
their many combinations and alloys. Rigid control of particle 
characteristics and sintering atmospheres assures a completely 


homogeneous bearing structure. Higher oil content provides 
quiet operation and longer life. @ For the finest in uniform, 
close tolerance self-lubricating bearings, call in Keystone! 


Do you have our useful booklet ‘Standard Bearing Sizes’’? 
Circle B-56 on Page 137 Free—just write. 


CARBON COMPANY 





ST. MARYS, PA. 
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4 oh Unibal rod ends make excellent and inexpensive 
ROD ENDS shaft supports and hangers. 
with internal (female) threading 


An indication of the range of sizes 
F—Length to center of bail 812 to 2.875 
D—Outside diameter AGS to 1.750 
B—Bore 12 to 750 


Female rod ends are for , 
linkages using rod stock. Suspension hangers for guide Shaft supports for 
bars on knitting machine. clutch assembly shafts. 


with external (male) threading 


SPHERICAL BEARING, or cartridge unit 


Designed to correct misalignment in every direction and 

An indication of the range of sizes to operate under high-static loads or reduced loads at 
F—Length to center of ball .937 to 2.875 low speeds. 

O0—Outside diameter A639 to 1.750 

B—Bore 1Bto 750 


Cw 
tl B—Bore 1250 to 1.8750 
=m (©) D—Outside diameter. 4687 to 4.000 


Male rod ends are for linkages 
using tubular stock. 
Three types of mounting for Unibal, showing angle of misalignment 


Materials used vary with specific requirements; for each. 


balls are hardened steel, bearing inserts usually 
bronze, outer members can be of any suitable 
material such as carbon steel, aluminum, air- 
craft steel, etc. 


Both male and female rod ends are available . » There are 2-piece Unibal bearings which can 
with /ubricators. be had with conventional materials as well as 
with sintered iron balls, standard hardened 
steel balis, sintered iron or sintered bronze 


~ outer members, or almost any other suitable 
material. 


Flush type Standard 


lubricator lubricator Tefion provides long-wearing, low-friction, self- 


lubricating, high impact, vibration resistant 
properties when used as lining for Unibal 
For self-aligning rod end bearings to withstand bearings. For applications where speed ratings 
high loads at low speeds without lubrication, are not severe and minimum torque is 
there are Unibal rod ends lined with “teflon”. essential. 


Complete list of sizes, specifications, and load ratings 
is shown in Heim catalog and brochures. Please con- 
tact your nearest bearings distributor or write direct to 


An unthreaded shank series is also available for manufacturer. 
attaching by means other than threading. These 


are made with “B” dimensions from .190 to .250. TH - id a j Be COM PA a | Y 


FAIRFIELD, CONNECTICUT 
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From the largest to the smallest 
you ll save money with 
Shenango Centrifugal castings THIS IS SHENANGO! 


From tiny liners and bushings to the largest sleeves, rings and rolls, you'll 
find that ferrous or non-ferrous symmetrical parts will be cleaner, denser and 
more uniform if they are centrifugally cast in Shenango's modern fouridry. 
This means you'll save money. There will be less metal wasted, less machin- 
ing time, fewer rejects and longer product life than would be true with ordinary 
casting methods. And because Shenango operates one of the biggest and most 
efficient centrifugal foundries and machine shops in the country, your largest 
orders will be filled quickly and exactly to specification. Write for literature. 


pig iron and coke 


CENTRIFUGAL CASTING DIVISION ng matte cad cists | = contilugel costings 


tn Shenango 


FURNACE COM PANY lake transportation 
DOVER, OHIO 


Copper, Tin, Lead, Zinc Bronzes « Aluminum and Manganese Bronzes + Mone! Metal « Ni-Resist > Meehanite Metal + Ductile Iron 
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You can get unbiased 
recommendations 
on bearings from 
Johnson... 


ONLY PRODUCER 
OF ALL THREE! 


Powdered Metals 


omecustorm Built Bearings, Bushings, and Thrust 
Washers—Johnson’s Technical Service can 
recommend and design the best sleeve bearing, bushing, 
or thrust washer for your industrial machinery or trans- 
portation equipment. Bimetallic or Strip: babbitt on steel 
or on bronze, bronze on steel (single or double-sided), 
aluminum on steel, rolled bronze. Powdered metals: fer- 
rous or non ferrous. Cast: bronze or aluminum. 

Each has its areas of application, and only Johnson has 
this broad-gage experience. Check your Johnson field 
engineer for this unique complete sleeve bearing service. 


Circle 8-59 on Page 137 


Cast Bronze or Aluminum 


Bimetallic or Strip 


6 Standard Stocked Bearings and Bushings — 
Authorized Johnson Distributors carry in- 
dustry’s broadest line of standard general purpose bush- 
ings in cast bronze and powdered bronze, electric motor 
replacement bearings, bronze bar and aluminum bronze 
bar stock. 
Check the Yellow Pages for your nearest Johnson Distrib- 
utor—get his fast local service for your original equipment 
or replacement needs. 


Johnson Bronze Company 


New Castle, Pennsylvania 


WORLD'S BROADEST LINE OF SLEEVE BEARINGS 
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Choose Link-Belt as your 
one-source headquarters for 


& & DD 


SOLID PILLOW BLOCKS 


Gray iron housings, babbitt- 
ed or bronze bearings—or 
vlain bored bearings; for 
to 21%,” shafts. 


SPLIT PILLOW BLOCKS 


Split and split-gibbed types; 
gray iron or cast steel hous- 
ings; bronze or babbitted; 
2-bolt for % to 3” shafts; 
4-bolt for 1154 to 12” shafts. 


ANGLE PILLOW BLOCKS 


For heavy angular loads; 
split gray iron housings; bab- 
bitted or bronze bearings; 
2-bolt for 1% to 21%.” 
shafts; 4-bolt for 11%, to 9” 


1961 Edition 


shafts. 


babbitted and bronze bearings 


RING-OILING PILLOW BLOCKS 


Split housings; babbitted bear- 
ings; self-lubricated; 2-bolt for 
14, to 21%.” shafts: 4-bolt 
for 11%,” to 31%,” shafts. 


from % to 3!%%z& 
16 


FLEX-BLOCK SLEEVE BEARINGS 
Self-aligning, self-lubricating, 
with sleeves to suit various op- 
erating conditions; pillow and 
flanged block types; for shafts 


FLANGED BLOCKS 
Solid gray iron housings; 
babbitted bearings; 4-, 6- or 
8-bolt flanges with machine- 
finished faces; for ™%g to 
54,” shafts. 


Over 15 types, more than 350 sizes . . . and all these features besides! 


DURABLE, COMPACT HOUSINGS of cast gray iron or cast steel provide excep- 
tional strength where needed, without excess size or weight. 
PRECISION-MACHINED BORES provide correct running clearance between shaft 
and bearing metal for load carrying oil or grease film. 

STURDY BEARINGS of heavy-duty babbitt or high-quality bronze are anchored in 
housing. 


@ ACCURATELY MACHINED BASES assure firm seating on supports. 
e FINISHED ENDS permit flush mounting of sprockets, pulleys, wheels and collars 


against bearings. 
SHIMS between cap and base of split housings provide shaft clearance adjust- 
ment, compensate for wear. 


@ SLOTTED BOLT HOLES in bases allow easy adjustment for shaft alignment. 
® RELIABLE LUBRICATION—Holes for grease cups or pressure fittings are drilled 


and tapped. Grooves distribute lubricant over entire shaft surface. (Flex-Block 
and ring-oiling types are self-lubricating.) 

OFF-THE-SHELF DELIVERY is offered by Link-Belt on over 15 types and more than 
350 sizes of babbitted and bronze bearing pillow and flanged blocks . . . for 
commercial shafting up to 12” diameter. Also immediate delivery on takeups in 
all popular sizes. 


For complete information, contact your 
nearest Link-Belt office. Look under BEAR- 
INGS in the yellow pages of your telephone 
book. Ask for Book 2707 and Folder 2823. 


LINK 


BABBITTED AND BRONZE BEARINGS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chi- 
cago 1. To Serve Industry There Are Link-Belt Plants, Ware- 
houses, District Sales Offices and Stock Carrying Distributors 
in All Principal Cities. Export Office, New York 7; Australia, 
Marrickville (Sydney); Brazil, Sao Paulo; Canada, Scarboro 
(Toronto 13); South Africa, Springs; Switzerland, Geneva. 

Representatives Throughout the World. 15,640 


See ball bearing and roller bearing sections for other Link-Belt Advertisements 
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ore engineers prefer” 


this bearing and bushing line 


than any other! 


CLEVELAND GRAPHITE BRONZE 
17000 ST. CLAIR AVENUE e CLEVELAND 10, OHIO 


es i > 


DIVISION OF vey dian CG 
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more and more manufacturers turn to © 2 


RO ANGLE oso soon 


SELF-ALIGNING .. . SELF- LUBRICATING 


Routine or unusual — let us 
help you with your bearing 
or bearing mounting prob- 
lems. In addition to offering 
the most complete line of self- 
aligning pillow blocks, Tri- 
angle’s representatives and 
engineers are always available 
to assist in developing unique 
or special applications. 











making our products better today . . . so that yours may be better tomorrow. 


For Bearings with Cuginccved Individuality 


PHONE OR WRITE 


WRlancie Manuracturine Co, 


736 DIVISION STREET © OSHKOSH, WISCONSIN 
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alse PREMOLDED LUBRICANT 
MAKES THE DIFFERENCE! 


METDALINE 


SOUTHWEST 
rf 44 


SELF-LUBRICATING BEARINGS 
SELF-ALIGNING 


BEARINGS 


Metaline is not just graphite, but 
a specially compounded lubricant 
premolded under extreme pressures 
into plug form and individually 
inserted into precision drilled holes 
in the Bearing wall. 


Metaline Bearings are designed to perform where extreme tem- 
perature ranges, heavy loads, inaccessability, submersion, cor- 
rosion or cleanliness make the use of ordinary Bearings and 
lubricants impractical. 

In use, the Metaline Plugs expand providing a continuous reservoir 
of lubrication that “plates’’ the bearing and shaft surfaces with 
SO00000C8 a hard mirror-like friction-reducing film that is almost indestruct- 
ible. 

Metaline Bearings are made to order in a wide range of bronze 
alloys and other metals combined with the proper lubricating 
formula to meet your specific operating requirements. Available 
in an infinite variety of sizes, types and shapes. 

Our Engineering Department will be happy to assist with your 
Bearing problems at no obligation. Write today for complete 
literature. 


’ ’ 
Job-Proven ADVANTAGES OF METALINE 


@ low known coefficient @ Resists squeeze-ovt. 

of friction. Maintains maximum 
lubrication even under 
static load. 


PATENTED U.S.A. 
All World Rights Reserved 


PLAIN TYPES 


CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 


For types operating under high 
Stoiniess Stee! Boll tompereture (800-1200 
and Race 

degrees F.). 


For types operating under 

high radial ultimate loods 
it 

wan end Suse (3000-893,000 Ibs.) 


Chrome Alloy Steel 


For types operating under 
normal loads with minimum 


Wietion requirements. @ No maintenance required — 


ideal for inaccessible or 
submerged locations. Eliminates danger of fire 

: , often caused by oil or 
Unique exponsion oa 
property of Metaline grease drippings. 
continuously forces Metaline is clean — prevents 
lubrication to wearing . mh damage to materials. 
surfaces. | 


Chrome Stee! Bol! 


Dyfion''® Plastic For types operating under 
Alley tnserts. CRES rotational, high radial loads 
Ball ond Roce and long cycle life 
Chrome Alloy Steels. where lubrication is impossible. 


1 
2 
ay Mone face on 
4 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Our engineers welcome an 
opportunity of studying individual require- 
ments and prescribing a type or types which 
will serve under your demanding conditions. 
Southwest can design special types to fit indi- r 
vidual specifications. Write for Engineering ; BS , 
Manual No. 551. Address Dept. MD-61. 

SPADONE-ALFA 
CORPORATION 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE... MONROVIA, CALIFORNIA 
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die-cast aluminum... self-aligning 3 - self-lubricating 


Check These Load / Speed Ratings! APPLICATION MUST MEET ALL THREE 


MAXIMUM LOAD MAXIMUM SPEED MAXIMUM 


AT ZERO SPEED AT ZERO LOAD LOAD x SPEED 
PART NO. LENGTH (Inches) ibs. RPM ibs. x RPM 


LA-824-20 .502/.501 j 190,000 
LA-1024-20 .628/.627 d 190,000 
LA-1224-20 .752/.751 t. 190,000 
LA-1424-16 .878/.877 b . 190,000 
LA-1624-16 1.002 /1.001 :; 190,000 


STOCK Lube-Align® UNITS AVAILABLE IN SHAFT SIZES OF 2”, %”, %”, 1” PAT. APPL. FOR 


This new Lube-Align® pillowblock combines the 

advantages of an OILITE oil-impregnated BRONZE BEARINGS, 
bronze bearing, nested in an aluminum diecast- INC. 

ing, with the feature of self-alignment for correc- 3555 West Addison Street 
tion of variations. Flexible mount relieves undue Chicago 18, Illinois 
stress on the rotating shaft and bearing. Low 


ate Write For Further Information 


OILITE IS A REG. T.M. OF CHRYSLER CORP. 
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“Duhlon' 


—M Self-Aligning 
Vy, and 

Self-Lubricating 

SPHERICAL BEARINGS 


Combine "Monoball: Engineering Advantages with Life-Time Lubrication 


Design engineers in many industries are specifying new “DYFLON’® SELF-ALIGNING and SELF-LUBRICATING SPHERICAL BEARINGS 
for these 5 major reasons: 


ROD END EXTERNAL 
, JHREAD TYPE 
ROD END INTERNAL DREM” SERIES 
THREAD TYPE 

“DREF” SERIES 


1. LOWER COEFFICIENT OF FRICTION In addition, due to their two-piece ““MONOBALL”® 
... ideal where lubrication is impossible or undesirable. design and plastic alloy insert, “DyYFLON’® bear- 
2. WITHSTAND EXTREME VIBRATION a ings have a long cycle life. Alignment and installa- 
... perfect performance under shock load conditions. tion problems are minimized. Oil-free for life 
o. WES OT Ce means lowest possible maintenance costs. 


...even under extreme load conditions. 


4. IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS Available in a variety of plain or rod end types. 
..eliminates corrosion problems. Bore sizes to 3.000”. Materials include stainless 


5. FAIL-SAFE ... due to “Monoball’”® design. steel, plastic alloys and chrome alloy steels. Ulti- 


Request Engineering manual No. 551. mate static loads to 500,000 Ibs. 


1705 SO. MOUNTAIN AVE 


SOUTHWEST PRODUCTS co. MONROVIA, CALIF. - PHONE: MURRAY 1-96 
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MORGOIL 


... the bearing that rides 


on a film of oil | 


MORGOIL Roll Neck Bearings are totally 
enclosed, flood lubricated, precision journal 
bearings that operate on a hydrodynamically 


generated film of oil. This film of oil has tre- TROUBLE-FREE BEARINGS 
mendous load carrying capacity. Without : 
... Where it counts the most! 


metal-to-metal contact, wear and fatigue fail- 

= KARAK is a mixture of graphite and other forms of carbon. 
ure are eliminated. Self-lubricating, it solves bearing lube problems many times, 
many ways. It provides freedom of design for the inaccessible 
MORGOIL BEARINGS offer: beoring. Adaptable grades meet varying factors of speed, 


: : : load, temperature, pressure, and material to be handled. 
Highest load bearing capacity. Unlike metals, it will not melt or seize. It will not 


Remarkable freedom from wear. distort under heat. Results are greatly extended 
bearing life and reduced maint 


write fctory today fr tree somole KARAK | 
bearing, ond int ation sheets No. 1164-74. 


The CARBON COMPANY 


12508 Berea Road, Dept. 281, Cleveland 11, Ohio 













Ability to hold close rolling tolerances. 


Low maintenance costs. 











MORGAN CONSTRUCTION CO. 


Worcester, Massachusetts 

















228 Circle B-67 on Page 137 Circle B-68 on Page 137 








Bearing 


SECTION 


iim Materials 
and Parts 





A GREAT variety of bearing materials and parts is available to design 
engineers. Balls, rollers, retainers and assemblies, mounting accessories, 
casting metals, metal sheets or strip, and plastics and other nonmetallic 


materials are covered in this section. 


Balls 


Most balls for bearings are made of 
52100 steel. In very rare applications, how- 
ever, it may be necessary to use balls made 
of other materials. 

Ball materials in this list are identified 
by a letter code as follows: 

A. Aluminum 

B. Beryllium copper 

C. Brass 

D. Bronze 

E. Carbide 

F. Ceramic 

G. Copper 

H. Glass 

L Nickel alloys 

J. Plastic, nylon 

K. Plastic, TFE 

L. Plastic, phenolic 

M. Plastic, melamine 

N. Sapphire 

O. Steel, carbon 

P. Steel, chrome bearing 

Q. Steel, stainless 

R. Steel, tool 

S. Other materials (written in) 


The Abbott Ball Co., Railroad Place, Hart- 
ford 10, Conn. 
Cc, D, O 
(See Ad, Page 234) 


Ace Plastic Co., 91-30 Van Wyck Express- 
way, Jamaica 35, N. Y. 
Lk & 
(See Ad, Page 246) 


Allied Plastics Supply Corp., 75 Cliff St. 
New York 38, N. Y. 
J, K, L, M 


Ampco Metal Inc, 38th & Maple, Miiwau- 
kee, Wis. 
B, C, D 


1961 Edition 


Associated Plastic Fabricators Inc., 166 N. 
de Chicago 7, Ill. 


The Auburn Mfg. Co., 300 Stack St., Mid- 
dletown, Conn. 


J, K 


Ball & Roller Bearing Co., 22 Maple Ave., 
Danbury, Conn. 


Bearing Inspection Inc., 3311 E. Gage Ave., 
Huntington Park, Calif. 
E, F, N, P,Q 


Berthelsen Engineering Works Inc., Micro- 
Ball Div., P. O. Box 1423, Joliet, IIl. 
I 


Bethlehem Steel Co., Bethlehem, Pa. 
Oo, P, R 


Richard H. Bird & Co. Inc., 1 Spruce St., 
Waltham 54, Mass. 
H 


Bonny Mfg. Corp., 146 Main St., Maynard, 
Mass. 


J, K, S2, 3 (FEP teflon plastic) 


E. E. Brennan Co., 43 Clarkson, New York 
14, N. Y. 
oO, P, Q 


Byrd Plastics Inc., 2950 W. 12th St., Erie, 
a. 
J, S (polycarbonate plastic) 


Carmer Industries Inc., 22 N. 26th St., 
Kenilworth, N. J. 
J, K, S (Kel-F, Teflon 100) 


Chemical Coating & Engineering Co., 221 
Brooke, Media, Pa. 
J, K, S (plastic epoxy, plastic urethane) 


Chemical Materials Dept., General Elec- 
tric Co., One Plastics Ave., Pittsfield, 
Mass. 

L, S (polycarbonates) 


Chicago Gasket Co., 1271 W. North Ave., 
ee 22, Ill. 


Chicago Wood & Plastic Products Co., 
4201 W. Irving Park Rd., Chicago 41, 
Til. 

H, j, K, L, M, S (Wood % in.-3% in.) 


Cleveland Powder Metal Inc., 320 S. Water 
St., Kent, Ohio 
D, O 


Climax Metal Products Co., 863 E. 140th, 
‘coms 10, Ohio 


Corning Glass Works, Corning, N. Y. 
H 


Diamonite Products Mfg. Co., U. S. Cer- 
amic Tile Co., Shreve, Ohio 
F 


Dixon Corp., 19-21 Burnside St., Bristol, 
R. L 


K 
(See Ad, Page 233) 


Franklin Fibre-Lamitex Corp. 18th & 
Market Sts. on PRR, Wilmington 99, 
Del. 

J, K, L, M 


Aurele M. Gatti Inc., 524 Tindall Ave., 
Trenton 10, N. J. 
N 


General Electric Co., Metallurgical Prod- 
ucts Dept., Box 237 Roosevelt Park Sta- 
tion, Detroit 32, Mich. 

E 


Hartford Steel Ball Co., 12 Jefferson Ave., 
Drawer Q, Station A, Hartford 6, Conn. 
ABE GGBEGE LEG 
O, P, Q, R, S (K-monel, cobenium 


special alloys) 


Haynes Stellite Co., Div. of Union Car- 
bide Corp., 270 Park Ave., New York 
17, N. Y. 

I, S (cobalt-base alloys) 


Hoover Ball & Bearing Co., 5440 S. State 
Rd., Ann Arbor, Mich. 
Cc, D, O, P, Q, S (solar, monel, K- 


monel) 


Hoover Ball Div., Hoover Ball & Bearing 
Co., Coolidge Plant, Middletown, Ohio 
A, B, C, D, G, I, O, P, Q, R 


Industrial Tectonics Inc. Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
ABRCGCBRBEBGAHRiRR & 
M, N, O, P, Q, R 


International Powder Metallurgy Co. Inc., 
439 W. Main St., Ridgway, Pa. 
D, O 


The Iten Fibre Co., 5400 Bower Ave., 
Ashtabula, Ohio 
L 


Hugo P. Keller Jr., 50 E. 42nd St., New 
York 17, N. Y. 
E, N 

Laminated Sheet Products Corp., 449 
Neponset, Norwood, Mass. 
J, K, L,M 

Lignum-Vitae Products Corp., 98D Boyd 


Ave., Jersey City 4, N. J. 
S (lignum vitae wood self-lubricating) 


Marlin-Rockwell Corp., 402 Chandler St., 
Jamestown, N. Y. 
F, I, J, N, P, Q, R, S (hitemp corrosion 
res. alloys) 


229 








PRODUCT DIRECTORY 





The Micro Ball Co., 95 Wolcott Ave., 
Torrington, Conn. 


A, B, C, D, E, lL, N, O, P, QR 


Miniature Precision Bearings Inc., Pre- 
cision Park, Keene, N. H. 


B, P, Q 


Minnesota Mining & Mfg. Co., Mica In- 
wlator Div., 797 Broadway, Schenectady 
l, N. Y 
K, L, M 

Motors 


New Departure Div., General 


Corp., Bristol, Conn. 


B, P,Q, R 


Orange Products Inc., 552 Mitchell St., 
Orange, N. | 


PIC Design Corp., Subsidiary of Benrus 
Watch Co, Inc., 477 Atlantic Ave., East 
Rockaway, N. Y 
J, P,Q 


Pioneer Steel Ball Co. Inc., 29 Mill St., 
Unionville, Conn. 


A, B, C, D, G, 1, O, P, QR 


Rayco Ball Co., 250 E. County Line Rd., 
Hatboro, Pa 
A, C, D, 1,0, P,Q 


Rocky Mountain Metals Inc., 3200 Cen- 
tury Ave., Colorado Springs, Colo. 
D, O 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
Cc, Dp, G, L P, QR 


Stephens-Adamson Mfg. Co., Sealmaster 
Div., Ridgeway Ave., Aurora, Ill. 
Cc, D, lL, O, P, QO, R 


William H. Stevenson Co. Inc., 452 Clear- 
view Ave., Trevose Hts., Pa. 


0, Q 


Superior Steel Ball Co., 20 Lake St., New 
Britain, Conn. 


A, C, D, G, O 


Superior Steel Ball 
Washington, Ind. 
Cc, D,O 


Corp. of Indiana, 


Swiss Jewel Co., 


Lafayette Blidg., Phila- 
delphia 6, Pa. 
N 


United American Metals—Eastern Div. 
970 Meeker Ave., Brooklyn 22, N. Y. 


Universal Ball Co. Willow 
(Montgomery County), Pa. 
A, B, C, D, E, F, G, H, Lj, KL 
M, N, O, P, Q, R, S (vacuum-melt 
steels, high-temperature steels) 

(See Ad, Page 246) 


Grove, 


Vascoloy-Ramet Corp., 800 Market St. 
Waukegan, Ill. 
E 


W-L Molding Co., 8214 U. S. Highway 
131 S., Kalamazoo, Mich. 
J, K 


Waterbury Steel Ball Co., W. Broadway, 
Poughkeepsie, N. Y. 


Winsted Precision Ball Co., 249 Rockwell 
St., Winsted, Conn. 
B, E, P,Q, R 
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John Worley Jewel Co., North Falmouth, 
-_ 


Rollers 


Just like the balls, rollers used in bear- 
ings are almost always made of 52100 steel. 
Rollers made of other materials are avail- 
able and are coded in this list. The code is: 


A. Brass 

B. Nickel alloy 

C. Steel, carbon 

D. Steel, chrome bearing 

E. Steel, stainless 

F. Other materials (written in) 


Ball & Roller Bearing Co., 22 Maple Ave., 
Danbury, Conn. 


Bearing Service Co., 4650 Baum Blvd., 
Pittsburgh 13, Pa. 
D 


Berliss Bearing Co., 644 W. Mount Pleas- 
ant Ave., Livington, N. J. 
B, C, D 


Bethlehem Steel Co., Bethlehem, Pa. 
c, D 


Bogert & Hopper Inc., 101 W. 3lst, New 
York 1, N. Y. 
F (Wood) 


Bremen Bearings Inc., U. S. 6 W., Bremen, 
Ind. 


CGE 


Climax Metal Products Co., 863 E. 140th, 
Cleveland 10, Ohio 
E, F (nylon) 


Corlett-Turner Co., 9145 King St., Frank- 
lin Park, Ill. 


deGroh Bearing Co., 467 W. 3lst St., Chi- 
cago 16, Ill. 
E 


Federal-Mogul-Bower Bearings Inc., Bower 
Roller Bearing Div., 3040 Hart Ave., De- 
troit 14, Mich. 

B, D, F (low-alloy steel) 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
A, B, C, D, E 


Joy Ball Bearing Corp., 4538 W. Fulton 
St., Chicago 24, Ill. 
D 


The Kaydon Engineering Corp., Muskegon, 
Mich. 
Cc, DE 


L & S Bearing Co., P. O. Box 995, Okla- 
homa City 1, Okla. 
c,D 


Link-Belt Co., Prudential 
Floor), Chicago 1, Ill. 
D 


Plaza (17th 


Marlin-Rockwell Corp., 402 Chandler St., 
Jamestown, N. Y. 
C, D, E, F (steel tool, hitemp corrosion 
res. alloys) 


Orange Roller Bearing Co. Inc., 557 Main 
a Orange, N. J. 


Parkersburg-Aetna Corp., Aetna Ball & 
Roller Bearing Co. Div., 4600 Schubert 
Ave., Chicago 39, Ill. 

B, C, D, E 


Plastiglide Mfg. Corp., Pipco Industrial 
Pas Div., 8757 Stanford St., Santa 
Monica, Calif. 

F (nylon, linear polyethylene) 

Roller Bearing Co. of America, Sullivan 
Way, West Trenton, N. J. 

Cc, D, E, F (special materials) 


Rollway Bearing Co. Inc., 541 Seymour 
St., Syracuse 4, N. Y. 
B, D, E 


Royersford Foundry & Machine Co. Inc., 


55 Main St., Royersford, Pa. 
Cc 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
Cc, D, E 


Stearns-Stafford Inc., Packer Ave., Law- 
ton, Mi 
B, D, E 


The Torrington Co., P. O. Box 118, Tor- 
rington, Conn. 
GCDE 

Zubler Bearing Corp., 204 Osborn St., 


Philadelphia 28, Pa. 
CDE 


Retainers and 
Retainer Assemblies 


In a rolling-element bearing, the prim- 
ary function of a retainer (or separator, or 
cage) is to space or hold apart the balls 
or rollers in the bearing. The most com- 
mon material for retainers is mild steel, 
although laminated phenolics are often 
used, and brass and bronze is used occa- 
sionally. 

Retainers and assemblies available are 
classified according to bearing type, and 
are identified by a letter code. The cod- 
ing system is: 

A. Ball, cup and cone. 

B. Ball, radial. 

C. Ball, thrust. 

D. Roller, solid radial. 

E. Roller, wound radial. 

F. Other types (written in). 


Andrews Bearing Co., Box 570, Spartan- 
purge S. C. 


to Oilless Bearing Co., 143 Berkley 
t., Wayne Junction, Philadephia 44, Pa. 
B 


(See Ad, Page 236) 
Ball & Roller Bearing Co., 22 Maple Ave., 
Danbury, Conn. 
Cc 
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Berliss Bearing Co., 644 W. Mount Pleas- 
= Ave., Livingston, N. J. 


Bremen Bearings Inc., U. S. 6 W., Brem- 
en, Ind. 
F (plastic) 


Bound Brook Oil-Less Bearing Co., Lin- 
coln Blvd., Bound Brook, N. J. 
B, C 


The Danielson Mfg. Co., Subsidiary Nich- 
olson File Co., Danielson, Conn. 
F (ball, nylon retainers) 
(See Ad, Page 246) 


Dixon Corp., 19-21 Burnside St., Bristol, 
R. 


1. 
F (TFE plastic retainers) 
(See Ad, Page 233) 


Eaton Mfg. Co., Reliance Div., S. Erie & 
Charles Sts., Massillon, Ohio 
F, Retainer Rings 


Engineered Nylon Products Co., Div. of 
Kennatrack Corp., 2530 Bypass Rd., Elk- 
hart, Ind. 

A, B, C 


Federal-Mogul-Bower Bearings Inc., Bower 
Roller Bearing Div., 3040 Hart Ave., 
Detroit 14, Mich. 

D 


Federal-Mogul-Bower Bearings Inc., Bear- 
ings Co. of America Div., 501 Harris- 
burg Ave., Lancaster, Pa. 


The Gwilliam Co., 360 Furman Si., Brook- 


lyn 1, N. Y 
D,E 


Hartford Steel Ball Co., 12 Jefferson Ave., 
Drawer Q, Station A, Hartford 6, Conn. 
A, B, C 


Industrial Tectonics Inc., Bearing Div., 
18301 Sante Fe Ave., Compton, Calif. 
A, B, C,D 


Janney Cylinder Co., 7401 State Rd., Phila- 
elphia 36, Pa. 


Joy Ball Bearing Corp., 4538 W. Fulton St., 
Chicago 24, Ill. 


B, C, D 


L & S Bearing Co., P. O. Box 995, Okla- 
homa City 1, Okla. 
A, B, C, D, F (ball, nylon) 


The Lacey Mfg. Co. Inc., 715 Union Ave., 
Bridgeport 7, Conn. 
A, B, F (shields) 


Marlin-Rockwell Corp., 402 Chandler St., 
Jamestown, N. Y. 


McGill Mfg. Co., 909 Lafayette, Val- 
paraiso, Ind. 
F (roller, solid, radial, nylon retainer) 


National Bearings Co., Flory Mill Rd. & 
Manheim Pike, Lancaster, Pa. 
A, B, C, F (ball, linear; roller, linear; 
ball, nylon, cup and cone) 


New Departure Div., General Motors 
Corp., Bristol, Conn. 
A, B, C 
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EXAMPLE *2 


4—BEARING MATERIALS AND PARTS 


DU‘ DRY 
BEARINGS 


Solve Another 
Problem 


“Only DU material was successful 
in our new 4-Way Plug Valve 
Shaft Bearings after four or five of 
the more conventional bearing 
materials failed to pass accept- 
ance tests.” 

J. B. Stevens, Mgr. 

Vaive Sales & Engineering 

Schutte & Koerting 


Four-way valves with DU bear- 
ings were used in an entirely 
new approach to a boiler feed- 
water heating system devel- 
oped by the Kuljian Corp., 
applied by Cochrane Corp., 
and now installed in prototype 
unit at the Borough of Lans- 
dale (Pa.) Municipal Power 
Plant. Du bearings contributed 
to reported appreciable savings 
per kw installed capacity by 
elimination of feedwater con- 
tamination, reduction of bypass 
leakage and resistance to the 
400°F operating temperatures. 
DU metal is an ideal bearing 
material for many applications. 
It withstands much higher 
velocities, runs much cooler at 
lower speeds than other un- 
lubricated bearings ... has a 


compressive strength of 51,000 


p.s.i. DU metal is applied with- 
out the need for temperature- 
limiting adhesives . . . will 
withstand from -—328°F to 
+536°F. 


0 C HK 


Apply DU dry bearings to ap- 
pliances, automobiles, aircraft, 
farm and industrial machinery, 
office equipment. Standard 
bushings and thrust washers 
available for 4” to 2” shafts; 
strip available for special fabri- 
cation. Write for engineering 
eatalog DU-458. Special Prod- 
ucts Dept., Garlock Inc., P.O. 
Box 612, Cam- 

den 1, New 

Jersey. 


*Tracemark, Glocier 
Metal Company Ltd. 
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POLYPENCO"MC'NYLON 


an economic breakthrough 
in nylon bearing materials 


7 6 tem dew 


. =? iaalines eekly | 








New processing techniques drop nylon 
tubular bar prices as much as 50% 


@ New design opportunities are open to manufacturers and users of large 
bronze and babbitt bearings with POLYPENCO MC Nylon 901. 

In tubular bars, the specially formulated bearing material now costs less 
than continuous cast bronze bushings of similar size, with prices up to 
50% below other nylons. 


MC Nylon tubular bars are made 
in OD’s from 2" to 15" with wall 
thicknesses of 3", 14", 34" and 
1". Tubular bars up to 24" OD 
are available on special order. 
Rod up to 17" diameter is also 
available with special larger sizes 
and shapes made to order. Sup- 
plied in Polypenco blue. Call or 
write for full information. 


STOCK SIZES FOR BEARINGS 
« 


Polymer's exclusive revolutionary sew processing 
techniques make production of large plote practical 
with price reductions of 15% wader nylon plote 
presently available. Stondord stock ovailabilities now 
include thicknesses from Yo" up to 4° and in 2° by 4 
sections. On special order plotes of over 6” thickness in 
sections of 4 foot widths and 10 foot lengths con 
be wopled 

*Trademark of The Polymer Corporation 


The Polymer Corporation 
of Pennsylvania 


eat (dustrial plastics | reading, Pa. 
Export: Polypenco, inc., Reading, Pa., U.S.A. 
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Nice Ball Bearing Co., 30th & Hunting 
Park iat Philadelphia 40, Pa. 


Orange Roller Bearing Co. Inc., 557 Main 
= Orange, N. J. 


Parkersburg-Aetna Corp., Aetna Ball & 
Roller Bearing Co. Div., 4600 Schubert 
Ave., Chicago 39, IIl. 

Cc, D 


Powdercraft Corp., 750 Hayne St., Spartan- 
burg, S. C. 


Roller Bearing Co. of America, Sullivan 
Way, West Trenton, N. J. 
D 


oe Bearing Co. ete 541 Seymour 
, Syracuse 4, N. Y 


Royersford Foundry & Machine Co. Inc., 
55 Main St., Royersford, Pa. 
D 


SKF Industries Inc., Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. 
A, B,C, D 


Spaulding Fibre Inc., 310 Wheeler, 
Tonawanda, N. 


Stearns-Stafford Inc., Packer Ave., Lawton, 
ich. 
D 
Stelrema Corp., Box 1756, Gary 9, Ind. 
F (plastic, special) 


Synthane Corp., Oaks, Pa. 
F (laminated plastic retainers) 


Wisconsin Centrifugal Foundry Inc., 905 
E. St. Paul Ave., Waukesha, Wis. 
F (bronze, stainless steel or monel) 


Zubler Bearing Corp., 204 Osborn St., 
Philadelphia 28, Pa. 
D 


Mounting Accessories, 
Ball and Roller Bearing 


Items used to mount ball and roller bear- 
ings are a conglomeration running all the 
way from large precision-bored housings to 
cements. Many of the mounting acces- 
sories are standardized; such as locknuts, 
lockwashers, adapter sleeves, adapter as- 
semblies, and so forth. Just as many are 
not standardized. 

Mounting accessories are designated in 
this list by a letter code, which is: 

A. Lock nuts. 

B. Lock washers. 

C. Lock plates. 

D. Adapter sleeves. 

E. Adapter assemblies. 

F. Other devices (written in). 


Allied Plastics Supply es 75 Cliff St., 
New York 38, N. 
A, B, C, D, E 
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American Sealants Co., 705 N. Mountain 
Rd., Hartford 11, Conn. 
F (sealant and retaining compound) 
(See Ad, Page 243) 


Clevite Harris Products Inc., Lockwood 
Rd., Milan, Ohio 
D, E, F (resilient bearing mounts) 
Climax Metal Products Co., 863 E. 140th, 
Cleveland 10, Ohio 
D, F (shaft collars) 
Columbiana Engineering Co., 11 E. Salem, 
Columbiana, Ohio 
A, B, C, D, E 
Corlett-Turner Co., Frank- 
lin Park, Il. 
F (spanner bushings) 


deGroh Bearing Co., 
Chicago 16, Ill. 
D 


9145 King St., 
467 W. 3lst St., 


Eaton Mfg. Co., Reliance Div., S. Erie & 


Charles Sts., Massillon, Ohio 
B 


Engineered Nylon Products Co., Div. of 
Kennatrack Corp., 2530 Bypass Rd., 
Elkhart, Ind. 

F (nylon raceways) 
Inland Equipment Co., 504 Fifth Ave. S., 
Nashville, Tenn. 

D 


Link-Belt Co., Prudential Plaza (17th 
Floor), Chicago 1, Ill. 


A, B, C, D, E 
Marlin-Rockwell ate 


Jamestown, N 


A, B, D, E 


SKF Industries Inc., 
Ave., P. QO. Box 6731, 
Pa. 

A, B, C, D, E 


402 Chandler St., 


Front St. & Erie 
Philadelphia 32, 


Standard Locknut & Lockwasher Inc., 
2256 Valley Ave., Indianapolis 18, Ind. 
A, B, C, D, E 

Packer Ave., 


Stearns-Stafford Inc., Lawton, 


Mich. 
A 


P. O. Box 118, Tor- 


The Torrington Co., 
rington, Conn. 


A, B, C, D, E 


Weslok Corp., 182 W. Holt Ave., Mil- 
waukee 7, Wis. 

Whittet-Higgins Co. P. O. Box 1613, 
Providence |, R. L 


Casting Metals, Bars 
and Cored Bars 


are often designed for 


Plain bearings 
special applications where only a limited 
number of bearings will be required. One 
of their advantages is that they can be de- 
signed and machined with no more tools 
than those found in ordinary job-shops. 
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Babbitt and lead-based metals can be cast 
in small shops without foundry facilities. 

Here is a list of casting metal suppliers 
and cored-bar suppliers, with the mate- 
rials available identified by a letter code. 
A capital letter indicates a basic metal sup- 
plier, a lower ease letter indicates rods, 


bars, or cored bars. Here is the code: 


A. Babbitt. 

B. Copper-lead alloys. 
C. Tin bronze. 

D. Leaded red brass. 

E. Leaded bronze. 

F. High-leaded bronze. 
G. Aluminum bronze. 
H. Aluminum. 

I. Other metals. 


Acme Brass Foundry Co. of San Antonio, 
716 Wyoming, San Antonio 3, Texas 
c, 


Allison Div., 
Box 894, 
b, c, e, f, g 


P. O. 


General Motors Corp., 
Indianapolis 6, Ind. 


Aluminum Co. of America, 1501 Alcoa 
Bldg., Pittsburgh 19, Pa. 


H, 


The American Crucible Products Co., 
—— & Smith Ave., Lorain, Ohio 
e, 


American Metal 
16th St., Los 
a, c, f 


Bearing Co., 2277 E. 
Angeles 21, Calif. 


Beemer Engineering Co., Industrial Park, 
Fort Washington, Pa. 
i (sintered bronze, sintered ferrous base 
material) 

Ampco Metal Inc., 38th & Maple, Mil- 

waukee, Wis. 


C, c, D, d, E, e, F, £, G, g 


Atlas Brass Foundry, Santa Fe at IIth 
Sts., Los Angeles 21, Calif. 
A, b, c, d, e, £, g 


Bearium Metals Corp., 190 Mill St., 
Rochester 14, N. Y. 
E, e, F, f 
(See Ad, Page 235) 


Beckett Bronze Co., 20th & S. Walnut 


Sts., Muncie, Ind. 
c, d, e, f 


Works, 64 
Mass. 


Boston Gear Hayward St., 


Quincy 7], 
f 


Bram Metallurgical-Chemical Co., 820 
65th Ave., Philadelphia 26, Pa. 
B, b, C, c, D, d, G, g, H, h 

Brass & Bronze Casting Co. Inc., Butler 
Rd., Pittsburgh 23, Pa. 
c, d, e, f, g, h 

Bronze Die Casting Co., 1836 Franklin 

St., Pittsburgh 33, Pa. 

b, ¢, d, e, g 


Buckeye Brass & Mfg. Co., 6410 Haw- 
thorne Ave., Cleveland 3, Ohio 
c, d, e, f, g, h, i (manganese bear- 


ing) 


4—BEARING MATERIALS AND PARTS 


Self-Lubricating RULON Puts 
Wear-Free Care-Free Per- 
formance Into Your Designs 


More and more designers rely on 

RULON bearings to take high loads 

and speeds, extreme temperature 

ranges, corrosive conditions . . . to 

insure greater service life . . . and 

to cut costly main- 
tenance. 

Because of its low co- 

efficient of friction, 

Dixon’s RULON 

(reinforced TFE) 

keeps frictional heat 

down, guarantees 

low starting torque 

and smooth vibra- 

tion-free perform- 

ance. RULON parts 

are reinforced to 

resist wear and 

deformation under 

load. Also chem- 

ically inert, RULON 

won't swell in the 

presence of liquids 

. keeps its mechan- 

ical properties over —400°F to 

+500°F range. And because RULON 

parts can run completely dry, they 

contribute vital performance advan- 

tages where designs call for inacces- 

sible or lube-free radial, thrust, or 
reciprocating bearings. 

You'll solve a lot of problems when 

you look at your designs with 

RULON in mind . . . stamped, post- 

formed, machined or molded parts 

. Specially reinforced fluorocarbons 

for special applications. Also a wide 
variety of basic shapes 
in RULON or Teflon. 
Write for Brochure 
#9572, or look up our 
catalog in Sweet's Prod- 
uct Design File. DIXON 
CORPORATION, 100 

ah te —_— 
BRISTOL, 


DIXON 
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ABBOTT'S 
NEW-GUIDE to 
seléction of the 
best Bearing Ball 


New Abbott Bulletin AP-1 
provides specifiers and buyers with 
up-to-the-minute information 
on widely adaptable, totally reliable 
Abbott bearing balls . . . carbon 
steel and bronze. Included is 
important new tabular data on 
conversion of old Abbott standard 
ball nomenclature to the new, 
simplified AFBMA* nomenclature. 
Since 1909, Abbott has offered 
product designers a bearing ball 
of superior quality and performance 
... @ bearing ball that has 
a deeper case, higher crushing 
strength, closer tolerance than balls 
in competitive lines. Bulletin 
AP-1 tells you why Abbott is the 
best. Send for your copy today. 
*Anti-Friction Bearing 
Manufacturers Association. 
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a & Co., Elm Grove, Wheeling, 


a, b, c, d, e, f, g, h 


The Bunker Hill 660 Market, San 
_— 4, 


The Bunting Brass & Bronze Co., 715 
Spencer St., Toledo 1, Ohio 
B, b, C, ¢, D, d, E, e, F, f, H, h 


The Bunting Brass & Bronze Co., 715 
Spencer St., Toledo 1, Ohio 
b, ¢, d, e, f, h 


Bushings Inc., oo Glenwood Ave., 
Philadelphia 32, 
“3 ry eh oy ty ee 


Carbonite Metal Co. Inc. 305 Grove, 
Burli nm, Wis. 
A, B, C, D, E, F 


Certified Metals Mfg. Co., 
?. 4, Ohio 


1940 River Rd., 


Chase Brass & Copper Co. 
sidiary of Kennecott 
236 Grand St., 
c 


Inc., Sub- 
Copper Corp., 
Waterbury, Conn. 


Continental Smelting & Refining Co., 
_ W. 47th, McCook, Il. 


Continuous Cast ——- ae — 


can Smelti Co., 
heat = Sig York aw Y. 
ce, d, 


Crescent Smelting Works Inc., 238 Siegel, 
Brooklyn, N. Y. 
A 


Detroit Aluminum & Brass Corp., 3975 
Christopher St., Detroit 11, Mich. 
C2; F2; G2 

Dixie Lead Co., P. O. Box 8625, Dallas, 


Texas 
A 


Duro-Life Co, — S. Ridgeway Ave., 
_ 
vy the 


Empire Metal Co., 
Syracuse, N. Y. 
A,a 


820 E. Water St., 


Erie Bronze Co., 19th & Chestnut St. 
Erie, Pa. 


b, ¢, d, e, fg 


Essex-Lehman Alloys Co. Inc., 421 Adams, 
Newark, 
A, I, (tin- lea -antimony alloys) 


Faunt Foundry Co., 8524 Vincinnes Ave., 
Chica , Il. 
B, b, C, c, D, d, E, e, F, £, G, g 


Federal Bronze Products Inc., 2 Wheeler 
ey Rd., Newark, J. 
b, C, ¢, D, d, E, e, F, £, G,g, Hh 


Flood City Brass & Electric Co., Elder 
Messenger Sts., Johnstown, Pa. 
b, c, d, e, f 


Frontier Bronze Corp., 4870 Packard Rd., 
Niagara Falls, N. Y. 
b, c, d, e, f, g, h 


Gardiner Metal Co., 4820 S. Campbell St., 
Chicago 32, Ill. 
A, B 


oe Mfg. Corp., 21 Arnot Place, Lodi, 


b, ¢, de, fg h 


Theodore Hiertz Metal Co., 8011 Alaska 
oor St. Louis, Mo. 


J. io Hodgkins Co., Randolph-Gardiner, 


b, ¢, d, e, f, g, h 
— Fou Co., 2014 W. 13th St. 


8, Il. 
B, b, &¢,D,4,E.¢F£G¢ 


Industrial — Alloy Co., Winston- 
— N. C. 


International Powder Metallurgy Co. Inc., 
ap W. Main St, Ridgway, Pa. 
c 


J Cy my a 7401 State Rd. 
Philadelphia 


he 


Johnson Bronze Co., New Castle, Pa. 
A, b, ¢, e, £, g 


Keystone Carbon Co., 1935 State, St. 


Marys, Pa. 
ae cored bars & plates in 
sin bronze & sintered iron) 
H. Chica 8 on 1339-45 W. 2lst St., 
CD, E, F,G 
etn Powdered Metal Products, 516 
E. Santa Ana St, Anaheim, Calif. 
c, d, e, £, i (stainless steel-porows, 
ferrous base-Mil-B-5687 A) 


Los es Smel Co., 10047 S. 
hows P. O. Box , Los Angeles 
2, — 

a, 


Lumen Bearing a 
Buffalo 12, N. 


ce, de, f, g 


lia Metal Co., Inc., 
ighway, Newark 2 N 
A, c, e, F 


Marion Bronze Co. Inc., Barnhart St. & 
Erie RR, Marion, Ohio 
b, ¢, de 


Markey Bronze B Co., 
Buren Rd., Delta, Ohio 
c, d, e, £ 


Merriman Bros. Inc., Lubrite Div., 185 
Amory St. Jamaica Plain District, 
Boston 30, Mass. 

b,c, d,e,g 


Moccasin Bushing Co., 2000 Chestnut St., 
Chattanooga 8, Tenn. 
b, ¢, d, e, 


Model Brass Co. Inc., 234 E. Decatur, 
Decatur, Ill. 
B, b, C, c, D, d, E, ¢, F, f, G, g, A, 
h, I, i (manganese bronze) 


Mueller Brass Co., 1925 Lapeer Ave., 
a Huron, Mich. 
f, i (orgeable bearing bronze Mueller 
600 Series Alloy) 
(See Ad, Page 244) 


K 


197 Lathrop St., 


NT. McCarter 


1952 Van 


Co. Inc., 


Nassau Smeltin 
ille, S. L 7, 


a Des ae Toe Totten 
AB.C,D,E,F,G 
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National Bearing Div., American Brake 

og ag 717 Grant Bldg., Pittsburgh 
‘a 

a, b, c, d, e, £, g, i (manganese bronze, 

superston bronze) 


New Departure and General Motors 


com. Bristol, 


North American Smelting Co., Car Mor 
Metal Co. Div., Marine Terminal, 
Wilmington 99, Del. 

A, B, C, D, E, F, G,H 


Orrville Bronze & Aluminum Co., N. 
Main St, Orrville, Ohio 
B, b, C,c, D, d, Ee Ff, Gg 


Owosso Bronze Bearing Co., N. Sniawas- 
see, Owosso, Mich. 
b, c, d, e, g, h, i (manganese bronze) 


Pancoast International Corp., 120-22 
Liberty, New — 6, N. Py . 


A, B, C, D, E, F,G 


Pattern Castings Co., 3738 W. 
Cleveland, Ohio 
c, e, i (“Bearium” bars) 


Paulson Thomas & Son Inc., Union at 
Bond St. on 31, N. Y. 
b,c, d,e, & gh 


Peerless Alloy Co., 
4, Colo. 
A, B, 


Phillips Bronze Corp., 1460 E. Washing- 
Angeles, Calif. 


143rd, 


1445 Osage, Denver 


ton Bivd., 


ce 


& Refining Co., 


Pittsburgh Smelti 
Good Sts., Pittsburgh, Pa. 


Elizabeth & 


E. L. Post & Co. Inc., 50 Cliff St., New 
on 38, N. ¥ 


Power Mfg Co., 829 W. Center, Marion, 
Ohio 
B, b, C, c, D, d, E, e, G, g 


Price Metal Refining Co., Guinotte & 
Flora Sts., Kansas City, Mo. 
A, a, B, b 


Randall Graphite Bearings Inc., P. O. 
Box 839, Greenlawn & Lake Sts., Lima, 
Ohio 
e 


Reliable Casting Corp., Spring Grove 
Ave. & Elmira, Cincinnati 23, Ohio 


B, b, C, c, D, d, E, e, F, f, G, g, H, h 


Renewal Service Inc., 2720 N. 17th St., 
Philadelphia, Pa. 
a, b, c, d, e, £ g, h, i (manganese 
bronze, nickel” bronze, silicon bronze) 


River Smelting & Refining Co., 4195 
Bradley Rd. Cleveland 1, Ohio 
A, B, C, D .E 

Riverside-Alloy Metal Div., H. K. Porter 
Co. Inc., Riverside, N. J 
CGE 


Rotometals, 980 Harrison St., San Francis- 
co 7, Calif. 
A, a 

Jos. T. Ryerson & Son Inc., 16th & Rock- 


Well St., Chicago, Il. 
A 
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St. Louis Bearing Co., 333 East B, Wil- 
ry oo Calif. 
A, 


Sandusky Foundry & Machine Co., Mar- 
ket & — St., Sandusky, Ohio 


c, d, e, Eg 


L Schumann & Co., 4391 Bardley, Cleve- 
land, Ohio 
B, C, D, E, F, G 

The Shenango Furnace Co., Centrifugally 
Cast Products Div., Dover, Ohio 
b, ¢, d, e, f, g 

The Shoop Bronze Co. Inc., 344-354 W. 
Sixth Ave., Ss Se Pa. 
b, c, d, e, f, g, h 


Slack-Horner Brass Mfg. 
Longmont, Colo. 
c, d, e, f, g, h 

Solon Industries Inc., 6370 SOM Center 
~ Solon 39, Ohio 


Co., Box 838, 


Spadone-Alfa Corp., Old Boston Post Rd., 
South Norwalk, Conn. 
Al,,2, 4 5, % Bl, 2, 4, 5, 9 DI, 2 4, 
5, 9; El, 2, 4, 5, 2459 
"(See ‘Ad? Page '225) 


Spaulding Metals Co. Inc., 109 “x i 
wees Park, East Syracuse, N 


Springfield Brass Co., 821-27 W. Main 
St, om O. Box 448, Springfield 12, 


Ohi 
B, b, C,¢, D, d, E,¢,F, £, Hh 


Standard Brass Works, 1810 W. St. Paul 
Ave., Milwaukee, Wis. 
b, c, d, e, f, g 


Superior Kendrick Bearings Inc., 312 S. 
Crawford St., Detroit 17, Mich. 
B, C, D, E, F 


Terre Haute Bronze & Brass Foundry, 
Terre Haute, Ind. 
ce, de, fg 


True Alloys Inc., 284 S. Summit Ave., 
Detroit 9, Mich. 
a, b,c, d, e, f, g, h 


Twentieth Century Brass Works Inc., 2601 
Hennepin Ave., Minneapolis 13, Minn. 
C, c, E,e, F,£,G 


United American Metals—Eastern Div., 
970 Meeker Ave., Brooklyn 22, N. Y. 
A, a, b,c, g 


Wakefield Bearing Co., 29 Foundry St., 
Wakefield, Mass. 
a, bh we 


Western Brass Works, 1440 N. Spring, 
Los Angeles 12, Calif. 
e 


Wheeler Service Inc., 155 Brookline, Cam- 
bridge, Mass. 
a, 


E. A. William & Son, 325 Washington 
Ave., Carlstadt, N. J. 
b, c, d, e, f, g 


Wisconsin Centrifugal Foundry Inc., 905 
E. St. Paul Ave., Waukesha, Wis. 
B, b, C, ¢, D, d, E, e, F, 
h, I, i (S-monel) 
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£, G, g, H, | 


Words cannot describe the advantages 
and the superiority which BEaRIUM 
METAL offers over all other types of 
bearing materials. Only when you use 
it under the most difficult operating 
conditions can you appreciate its 
amazing superiority. 

So, if you have a bearing applica- 
tion which involves high speeds, poor 
lubrication, excessive loads, elevated 
temperatures, dusty and gritty sur- 
roundings—or where a liquid other 
than oil must be used as a lubricant 

.. BEARIUM METAL will prove to be 
your best investment. 


THE SECRET OF 
BEARIUM METAL’S 
superiority is due to 
the uniform distri- 
bution of microscop- 
ic lead particles 
within the copper- 
tin grains rather 


than between the Beorium Metal Ord. leaded Bronze 
fost boundaries—as 


FEATURES: Non-Seizing and Non- 
lustrated by these Scoring @ Long-Wearing @ Self- 
Lubricating @ Low Coefficient of 
Friction @ High Compressive 
Strength © Resistant to Shock 
Loads @ Sound, uniform struc- 
ture @ Free-Cutting. 
AVAILABLE IN: cored and solid 
bars © centerless-ground rods 
@ machined parts @ pattern 
castings. 


two photomicro- 
graphs. 


Tell us your requirements and we'll 
gladly furnish complete information. 


| BEARIUM METALS CORP. 


192 MILL ST., ROCHESTER 14, N.Y. 
West Coast Affiliate: 


NEVIN ENGINEERING ASSOCIATES 
208 Toyopa Drive, Pacific Palisades, Calif. 


In Canada: 
BEARIUM METALS OF CANADA, LTD. 


225 CENTRE ST., E., RICHMOND HILL, ONT., CANADA 
Circle B-73 on Page 137 





PRODUCT DIRECTORY 


ARGUTO-MP BEARINGS 
A NEW BEARING MATERIAL 
WITH PROVEN PERFORMANCE 


NEVER REQUIRES LUBRICATION 
A true oilless bearing. No relubrica- 
tion or oil reservoir needed. 

HIGH SPEEDS AND LOADS 
Designed PV values to 30,000. 


LONG LIFE 

Still running after 12,000 hrs. con- 
tinuous service. 1800 RPM 50 Ib. 
load 

LOW WEAR RATE 

Lower than any other oilless bearing 
material 

WIDE TEMPERATURE RANGE 
Performs well from —270°F. to 
+375°F. 

LOW COEFFICIENT OF FRICTION 
As low as .025. 


NO COLD FLOW 


EXCELLENT THERMAL 
CONDUCTIVITY 


AVAILABLE IN WIDE RANGE 
OF SIZES 
Plain cylindrical and flange bearings 
in complete range of sizes. 
Write for literature 
Arguto-MP Molded Plastic Bearings— 
A product of 


Arguto Oilless Bearing Co 


49 Berkley St. Philadeiphio 44, Po 


Also manufacturers of Arguto-K Impreg- 
nated Wood Oilless Bearings and Arguto 
“Simulife” Bearing Test Mach-nes. 


Circle B-74 on Page 137 
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Metal Sheet or Strip 


Since plain bearings are essentially very 
simple devices, thinwall bearings, both 
thrust and radial type, can be made with 
simple production operations, provided 
that proper materials are available. This is 
a list of suppliers of sheet and strip bearing 
materials. 

Each entry has a two-unit code consist- 
ing of letters and numerals. The letters 
designate available bearing materials, as 


follows: 


A. Wrought solid brass. 

B. Cast copper-lead alloys. 
C. Sintered copper-lead alloys. 
D. Wrought solid bronze. 
E. Cast bronze. 

F. Sintered bronze. 

G. Sintered copper-nickel. 
H. Silver and its alloys. 

I. Aluminum and its alloys. 
J. Cadmium. 

K. Other materials. 


The numerical code identifies the con- 
struction particulars of the bearing ma- 
terials. The numeral | stands for wrought 
strip, sheet, or coil of solid material. Nu- 
merals 2 and 3 stand for two-component 
construction bearing materials. Numerals 
4-15 stand for three component bearing 
materials (steel backing strip assumed). 
Here is the complete code: 


. Solid material. 
. Steel backing strip. 
. Other backing strip (written in). 
. Babbitt overlay. 
. Lead-tin-copper overlay. 
. Copper-tin overlay. 
. Other overlay material (written in). 
. Babbitt impregnant. 
. Graphite impregnant. 
. Molybdenum-disulfide impregnant. 
. TFE plastic impregnant. 
2. TFE and graphite impregnant. 
. TFE and molybdenum-disulfide im- 
pregnant. 
14. TFE and lead impregnant. 
5. Other impregnant (written in). 


Allison Div., General Motors Corp., P. O. 
Box 894, Indianapolis 6, Ind. 
B2, 5; E2; H2, 5; 2,5 


Aluminum Co. of America, 1501 Alcoa 
Bldg., Pittsburgh 19, Pa. 
I! 


Ampco Metal Inc., 38th & Maple, Mil- 
waukee, Wis 
DI 


Anaconda American Brass Co. 414 
Meadow St., Waterbury 20, Conn. 
Al; Dl 

Auto-Swage Products Inc., Wooster & 
Canal Sts., Shelton, Conn. 

Al; DI; Il 


Bayside Watch Tool Co. Inc. 20-02 
Crepie Parkway, Whitestone 57, N. Y. 


Bram Metallurgical-Chemical Co., 820- 
65th Ave., Philadelphia 26, Pa. 
Al; Cl; Fl; Gl; Hi; I; jl 


Chase Brass & Copper Co. Inc., Sub- 
sidiary of Kennecott Copper Corp., 236 
Grand St., Waterbury, Conn. 

Al; Bl; DI 


Chrysler Corp., Amplex Div., P. O. Box 
2718, Detroit 31, Mich. 
Fl 


Cleveland Graphite Bronze, Div. of 
Clevite Corp., 17000 St. Clair Ave., 
Cleveland 10, Ohio 
B2 


Dixon Corp., 19-21 Burnside St., Bristol, 


R. L 
K2 (TFE plastic); 11, 12, 13, 14 (copper- 
tin) 

(See Ad, Page 233) 


Johnson Bronze Co., New Castle, Pa. 
C2, 4; F2, 4; 12 


Lamina Dies & Tools Inc., 14925 Eleven 
Mile Rd., Oak Park, Mich. 
E2, 6 


Riverside-Alloy Metal Div., H. K. Porter 
Co. Inc., Riverside, N. J. 
Al; Dl 


Jos. T. Ryerson & Sons Inc., 16 & Rock- 
well St., Chicago, Ill. 
Il 


United American Metals—Eastern Div., 
970 Meeker Ave., Brooklyn 22, N. Y. 
Al; BI; El; HI; 1; Jl 


Thermoplastics 


The thermoplastic materials most often 
used for bearings are nylon and the TFE 
plastics. These materials are often com- 
bined with graphite, molybdenum-disul- 
fide, or lead to improve properties. 

Entries in this list have a two-unit code 
consisting of letters and numerals. The 
letters indicate material combinations, as 


follow Ss: 


A. Nylon. 

B. Nylon and graphite. 

C. Nylon and molybdenum-disulfide. 

D. TFE plastic. 

E. TFE plastic and graphite. 

F. TFE plastic and molybdenum-disul- 

fide. 

G. TFE plastic and lead. 

The numbers indicate the available form 
of these materials, as follows: 

1. Basic raw material. 

2. Rods, bars, and tubes. 

3. Sheet or strip. 

4. Other forms (written in). 
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Ace Plastic Co., 91-30 Van Wyck Express- 
way, Jamaice 35, N. Y. 


, J 


(See Ad, Page 246) 


Allied Plastics Supply ate 75 Cliff 
St., New York = N. 
A2, 3; B2, 3; C2, 3; D2, 3 E2, 3; F2, 3; 
G2, 3 


Associated Plastic Fabricators Inc., 166 N. 
May, Chicago 7, ay 
2Wt:szOBsa@a@asmas: Bs 
F2, 3; G2, 3 


Atlantic Plastics Inc., Bonner & Selleck 
Sts., Stamford, Conn. 
A2, 3 


The Auburn Mfg. Co., 300 Stack St., Mid- 
dletown, Conn. 
A2, 3; B2, 3; D2, 3 


Belding Corticelli Industries, Chemical 
Div., 1407 Broadway, New York 18, 
N. Y. 

Al; BI; Cl 


Bonny Mfg. Corp., 146 Main St., Maynard, 
Mass. 
2t:Hsassnmas: BR s& 
F2, 3; G2, 3 


The Bunting Brass & Bronze Co., 715 
Spencer St., Toledo 1, Ohio 


, 


The Bunting Brass & Bronze Co., 715 
Spencer St., Toledo 1, Ohio 
A2, 3; D2, 3 


Cadillac Plastic & Chemical Co., 15111 
Second Ave., Detroit 3, Mich. 
A2, 3; D2, 3; E2 


Carmer Industries Inc., 22 N. 26th St., 
Kenilworth, N. J. 


A2, 3; D2, 3 


Chemical Coating & Engineering Co., 
221 Brooke, Media, Pa. 
BI; Cl; DI; El; Fl; Gl 


Chicago Gasket Co., 1271 W. North 
Ave., Chicago 22, Ill. 
D2, 3; E2; F2 


Chicago Wood & Plastic Products Co., 
4201 W. Irving Park Rd., Chicago 41, 
Ill. 

A2; B2; C2; 


Chili Plastics Inc., 56 Plastic Rd., North 
Chili, N. Y 
A2 


Clark Products, 1149 S. Main St., Racine, 
Wis. 
A2 


Crane Packing Co., 6400 Oakton St., 
Morton Grove, Ill. 
D2, 3; E2, 3; F2, 3 
(See Ad, Page 237) 


The Danielson Mfg. Co., Subsidiary 
Nicholson File Co., Danielson, Conn. 
A2, 3 

(See Ad, Page 246) 


Dayco Corp., 2342 W. Riverview Ave., 
Dayton 7, Ohio 
A2, 3; D2, 3 
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4—BEARING MATERIALS AND PARTS 


Chemloy 719 is proving 
to be the most universal 
dry bearing material 
ever offered to industry: 


. because its ex- 
tremely low coefficient 
of friction invites use 
where lubrication is im- 
possible, impractical or undesirable. 


. because it may be used on both sliding and rotating 
applications over a wide temperature range. 


. because it is impervious to practically all known 
chemicals, solvents or corrosives. 


. because it is excellent under vibration or shock 
service conditions. 


. because it will not conduct electricity or cause gal- 
vanic corrosion. 


Chemloy 719 is available in all basic forms—such as 


sheet, rod or tubing—or in parts molded or machined 
to specifications. Get full details. 


*The best in Teflon based bearing materials. 
Pid 


Request Bulletin T-120 and Price Sheet No. 126, or 
send b/p specs. for quotation on molded or machined 
parts. Crane Packing Company, 6425 Oakton St., 
Morton Grove, Ill. (Chicago Suburb). In Canada: 
Crane Packing Co., Ltd., Hamiiton, Ontario. 


Tefion ts a DuPont Trademark 


oO is Goo er ex 


MECHANICAL PACKINGS SHAFT SEALS TEFLON PRODUCTS LAPPING MACHINES THREAD COMPOUNDS 
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— Corp., 19-21 Burnside St., Bristol, 


D2, 3; E2, 3; F2, 3; G2, 3 
(See Ad, Page 233) 


John L. Dore Co., P. O. Box 7772, Hous- 
ton 7, Tex. 
Di, 2, 3, 4, 5, 6, 7; El, 2, 3, 4, 5, 6, 7; 
Fi, 2, 3, 4, 5, 6, 7; Gl, 2, 3,4, 5,6,7 


E. L DuPont de Nemours & Co. Inc., 
en Dept., Wilmington 98, 


Al; Dl 


Emerson Plastics Ne i 1383 Seabury 
Ave., Bronx 61, N. Y. 


Foster-Grant Co. Inc., Petrochemical Div., 
289 Main N., Leominster, Mass. 
Al; BI 


Werner Mfg. Co., 4444 First Ave., Brook- 
field, Ill. 
Al 


Franklin Fibre-Lamitex Corp. 18th & 


Market Sts. on PRR, Wilmington 99, 
A2, 3; B2, 3; C2, 3; D2, 3; E2, 3; F2, 3; 
G2, 3 


Special Products Dept., Garlock Inc., P. O. 
a 612, Camden 1, N. J. 


(See Ad, Page 231 and 245) 


Garlock Inc., Palmyra, N. Y. 
A2, 3; B2, 3; C2, 3; D2, 3; E2,3 
(See Ad, Page 231 and 245) 


General Plastics Corp., 55 La France Ave., 
Bloomfield, N. J. 
D2, 3, 4 (reinforced with glass fabric); 
E3, 4 (reinforced) 


Gilbert Plastics & Supply Co., 630 N. 
Pulaski St., Baltimore 17, Md. 
A2, 3; B2, 3; C2, 3 D2, 3; E2, 3; F2, 3; 


Halogen Insulator & Seal Corp., 9999 
Pacific Ave. Franklin Park, III. 
A2; D2, 3; E2, 3; F2,3 


The Iten Fibre Co., 


5400 Bower Ave., 
Ashtabula, Ohio 
A2 


Laminated Sheet Products 
Neponset, Norwood, Mass. 
A2, 3; B2, 3; D2, 3 


Corp., 449 


Lignum-Vitae Products Corp., 98D Boyd 
Ave., Jersey a 4, N. J. 
A2, 3; B2, 3; C2 .3 D223; 823 


Mastercraft Plastics Co. Inc., 95-01 150th 
St., Jamaica, N. Y. 


A2; B2; C2; D2; E2; F2; G2 


Metzgar Conveyor Co., 412 Douglas St. 
~ W.. ¢ Grand Rapids 4, Mich. 


Minnesota Mining & Mfg. Co., Mica In- 
sulator Div., 797 Broadway, Schenectady 
| * 

A3; D3 


Niles Corp., 


Ind. 


A2 


50941 U. S. #31, South Bend, 


238 


The Polymer Corp., 2120 Fairmont Ave., 


Read P 
AD 3, B2, 3; Cl, 2, 3; D2, 3 
(See Ad, Page 232) 


Raybestos-Manhattan Inc., Manheim, Pa. 
os 2,3 Fi, 2,3 


Renewal Service Inc., 2720 N. 17th St. 
Philadelphia, Pa. 
A2, 3 


Resistoflex Corp., Woodland Rd., Rose- 
land, N. J. 
D2, 3 


— Corp., Rogers, Conn. 
3; ED, 3; F2, 3 
St. Regis Paper Co., 4% % Div., Enter- 


rise Ave., Trenton 8 . N. 
1, 2, 3; El, 2, 3; Fl, 2, : G2, 3 


parta Mfg. Co., 
Rs. 4's, 6, 7; reas, or. F4, 5, 6, 7 
Thermech Engineering Corp. 1773 Lincoln 
Ave., Anaheim, 


if. 
D2, 4, 5, 6, 7; EA, 5, 6, 7; F4, 5, 6, 7; 
GA, 5, 6, 7 


W-L Molding Co., = U. S. Highway 
131 S., Kalamazoo, M ich. 
A2, 3; B2, 3; C2, 3; D2, 3; E2, 3; F2,3 


Thermosetting Plastics 


Phenolic materials filled with cotton or 
glass fiber are applied in machines rang- 
ing in size from heavy, ship propeller- 
shaft bearings to electric clocks. 

Entries in this list of material suppliers 
have a two-unit code consisting of letters 
and numerals. The letters indicate filler 
material: 


A. Cotton fiber. 

B. Cotton cloth. 

The numerals indicate the available 
form. The coding system is: 

1. Basic raw material. 

2. Rods, bars, and tubes. 

3. Sheet or strip. 

4. Other forms (written in). 


Ace Plastic Co., 91-30 Van Wyck Express- 
way, Jamaica 35, N. Y. 
A2, 3; D2, 3 
(See Ad, Page 246) 


Allied Plastics Supply Corp., 75 Cliff St., 
New York -* N. 
A2, 3; B2, 3 


Associated Plastic Fabricators Inc., 166 N. 
May, Chicago 7, Ill 
A2, 3; B2, 3 
Cadillac Plastic 15111 
Second Ave., 
A2, 3; B2, 3 


& Chemical Co., 
Detroit 3, Mich. 


Chicago Wood & Plastic Products Co., 
4201 W. Irving Park Rd., Chicago 41, 
Ill. 

A2; B2 











DISTRIBUTORS for ASARCON 
CONTINUOUS-CAST BRONZE: 


A 
Birmingham 
Sale Bronze Co., Inc. 
ae 
M. Tull ae & Supply Co., inc 
FAIRFAX 3-1 
ARKANSAS 
Little Rock 
Arkansas Foundry Company 
FRANKLIN 2-626! 
CALIFORNIA 
Los Angeles 
Kingwell Bros., Ltd 
LUDLOW 2.7427 
San Francisco 
i. —_— = — 
UTTER | 
CONNECTICUT 
Guiitord 
Knapp Foundry Co., Inc 
GLENDALE 3.2744 


The Derby Castings Co 
TUXEDO 8-258) 
Stratford 
The Elisworth Industria! Supply Co 
Or Ont 7.3317 

ORIDA 
jacheonvitie 
}. M. Tull Metal & Supply Co 
— 7-5561 


J - Toll Metat & Supply Co 
OX 6-0150 


ampa 
J}. M. Tull omy & Supply Co 
TAMPA 3-674 
GEORGIA. 
Atlanta 
}. M. Tull Metal & Supply Co 
JACKSON 5.3871 
ILLINOIS 
Chicago 
Bearing Headquarters Co 
Div... Ray M. Ring Co., inc 
ESTEBROOK 9-0300 
Bronze Bearings, inc 
JUNIPER 3-1100 
Peoria 
Ray M. Ring Bearing Co 
PEORIA 6-73-8171 
Rockford 
Rockford Too! ‘ sae on Co 
ROCKFORD 
Waukegan 
Bearing Headquarters Co 
Div., Ray M. Rong Co., Inc 


East Chicago 

Bearing Headquarters Co 
Div., Ray M. Ring Co., Inc 
€. CHICAGO EX 7.8020 
SAGINAW | 8660 
Indianapolis 

jones & Laughlin Warehouse Div 
Jones & Laughlin Stee! Corp 
MELROSE | -8311 

South Bend 

Powel! Too! Supply. inc 
ATLANTIC 9-5578 
KENTUCKY 
Louisville 

Wilhams & Co., Inc 
JUNIPER 3-778) 
LOUISIANA 

New Orleans 

Standard Bravs & Mig. Co 
AUDUBON | 
Shreveport 

Standard Brass & Mtg. Co 
UN 5-424) 
MARYLAND 
Baltimore 

Bronze Specialties, inc 
LEXINGTON 9-1906 - 
MASSACHUSETTS 
Boston 

Keico Metal Products Co 


| HUBBARD 2.1737 
| Millard Brass & Copper Co 
| HIGHLANDS 2-6220 


MICHIGAN 
Detroit 
Copper & Brass Sales. inc 


| FOREST 6-6200 


Meier Brass & Aluminum Co 


| JORDAN 6.3902 


Grand Rapids 
Copper & Brass Sales, inc 
EMPIRE | -6681 


| Kalamazoo 

| Bard Toot and Equipment Co 
FIRESIDE 3.2691 

| Lansin 


9 
Superior Brass & Aluminum Co 
1V 2-2754 


Muskegon 
Towne Hardware & Supply Co 
2-265) 


ee 
R. G. Eide, inc. 
FE 8.4846 
MISSOURI 
Kansas City 
Associated Bearings Co 
HARRISON | -0407 

St. Louis 

R. J. Bearing Co. 
MISSION 7.3605 
ao 


Grand Island 
Se nt  Serety Co. 


T. $. McShane Co., Inc 
JACKSON 1273 
NEW JERSEY 


E. A. Williams & Son 
GENEVA 8-0800 

MARKET 3-1929 

(New York LA 4-9546) 
Newark 

Federal Bronze Products, Inc 
MARKET 2-6330 

Perth 


Greg's Brass Foundry 
HILLCREST 2-2086 
NEW YORK 
Brooklyn 


Hamsiey, Ine 
STerting 8-1144 
Buffalo 


Kencroft Associates, Inc 
RIVERSIDE 1520 
Rochest 


er 
Ontario Metal Supply, Inc 
HAMILTON 6-1630 


loon Bronze Foundry, Inc 
Guenview 4-323) 


The trey Belting & somite Co., Inc 
AS 2-4920 (in Albany 3-6121) 
OHIO 


Akron 

Akron Welding and Spring Co 
JEFFERSON 5-2187 
Cleveland 
Copper & Brass Sales, Inc 
VU 3-8100 
The Bearing Bronze Co 
MICHIGAN 1-6520 
Cincinnati 
Reliable Castings Corp 
KIRBY |-2627 
Columbus 
Williams & Co., Inc 
AXMINSTER 4-1623 


Dayton 

The Bristol Brass Corp. of Ohio 
BALDWIN 8-8185 

Toledo 


The Seegar Brass Company 
CHERRY 8-532! 

Withams & Co a 
GREENWOOD 5.866 
PENNSYLVANIA 


Easton 

R. T. Schaller Co 

BL 2.2455 

Latrobe 

ieee _— Machine 


& Sup 
KEYSTONE 5 3M) 
Philadelphia 
Brass & Copper Sales, Inc 
GLADSTONE 7-2500 
Renewal Service, Inc 
BALDWIN 9-6330 
Pittsburgh 
Pennsylvania Industria! 
Supplies Co., Inc 
ALLEGHENY 1-5010 
Pittsburgh Brass Mtg. Co 
ATLANTIC 1-8761 

E — 
Providen: 


re eta Sales Co., inc 

UNI 

SOUTH “CAROLINA 
Greenville 

j. M. Tull Metal & Supply Co.. inc 
CEDAR 3.8306 

TENNESSEE 

M 


s 
Memphis Bearing & Supply Co 
JACKSON 6.7543 
Nashville 
Dixie Bearings, inc 
CHAPEL 2-7351 
TEXAS 
Beaumont 
Standard Brass & Mtg. Co 
TERMINAL 3-264] 
Houston 
pare Brass & Mig. Co 

7-1220 


Port Arthur 

Standard Brass & Mtg Co 
YUKON 5.9377 
WISCONSIN 
Milwaukee 

Badger 3earing Co 
BROADWAY 2-023! 
CANADA 

Lachine, Quebec 
Federated Metals Canada Ltd 
MELROSE 7.3591 
Scarber: . Ontario 
Federated Metals Canada, Lia 
PLYMOUTH 7.3246 
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4—BEARING MATERIALS AND PARTS 


ORDER ASARCON CONTINUOUS-CAST 
BEARING BRONZE IN ANY LENGTH 


When you order Asarcon 773 (SAE 660) 
continuous-cast bearing bronze, you receive the exact 
length you specify. You choose from more than 260 
stock sizes — solids and tubes — and have your 
order cut in any length you want up to 105”. You never 
have to include the cost of short end scrap in the 

price of your finished part, because Asarcon 773 
eliminates the remnant problem. 

By providing diameters close to your finished sizes, 
Asarcon further reduces the cost of scrap. With only 
1/32” to 3/32” to machine off, there is more 
usable metal, machining time is reduced, work moves 
faster. Because it is produced by the unique 
continuous-cast process, Asarcon 773 has unusually 
high density. Every casting has more resistance 

to metal fatigue, superior hardness, higher tensile, yield 
and impact strength . . . and each is guaranteed 

free of blow holes, shrinks, voids, pits. 

For further information, call or write your nearby 
distributor (see listing on opposite page), or write 
Continuous-Cast Department, American Smelting and 
Refining Company, Perth Amboy, New Jersey. 


Circle B-76 on Page 137 























CHN-5 baffles (left) fabri- 
cated by Jaco Products Co. 
for heat exchanger manufac- 

by National Carbon 
Co., division of Union Car- 


bide Corp. 


LN-42 bearing retainer rings 
fabricated by Curbell, Inc. 
for Marlin-Rockwell Corp. 


SN-52 forming wheels used 
by The Michael Flynn Mfg. 
Co. to shape aluminum ex- 
trusions. 


ORMICA’ puts the plus in your products. .. 
with mechanical grades offering extra performance per pound 


Formica mechanical grades have a re- 
markable performance-to-weight ratio 
that can put a new plus in your 
products. Here’s how. First, they’re 


extremely light—weigh only half as 
much as aluminum. Second, they offer 
many of the advantages of metals plus 
many more useful properties such as 
sound, shock and vibration absorb- 
ency, abrasion resistance, insulation, 
corrosion resistance. In addition, most 
Formica mechanical grades give you 
bonus electrical or chemical properties. 
Check the chart at right. Then write 
for data on the Formica grades you 
need for extra performance and added 
sales power. 

Need fast delivery of Formica parts 
and materials? Just contact your local 
Fabricator and Distributor of Formica 
Industrial Plastics—see list on oppo- 
site page. 


Paper base-phenolic. Smooth, strong, hard; dent and wear 
resistant surface; excellent machining. For spinning chucks, 
jigs, templates, forming dies, structural uses. 





C—End Grain 


Cotton fabric-phenolic. Strong, abrasion resistant, stable in lube 
oil; wears evenly, shock absorbent, vibration-free. For machine 
tool ways. Supports 60 psi at 100 - 500 ft. per minute. Readily 
rnaachined and installed. 





Coarse weave cotton fabric-phenolic. Strong, tough, good impact 
strength, readily machined. CG is heat stabilized for dimen- 
sionally accurate gears. 





Fine weave cotton fabric-phenolic. Strong, tough, hard. Ex- 
cellent machining to extremely smooth finish. For ball-bearing 
retainer rings, gibs, water-free bearing surfaces and lesser ways. 





Glass cloth-melamine. High impact, great mechanical strength, 
flame retardant. For mechanical applications requiring good 
electrical properties. Meets MIL-P-15037C type GME. ‘ 











Asbestos fabric-phenolic. Strong, high impact, good moisture 
resistant properties, readily machined. For pump vanes. Also 
other mechanical applications demanding dimensional stability 
in similar heat/moisture environments. 








FORMICA CORPORATION 4514 Spring Grove Ave., Cincinnati 32, Ohio 





subsidiary of 


<& VYANARAE ID 





Fi-2654-C 
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FORMICA 


Sheets and Fabricated 
Parts from your 


FABRICATOR AND DISTRIBUTOR OF 


cant 
4 


ALABAMA: 
Birmingham 
— 


CALIFORNIA: 
North Hollywood. Plastronics 
El Cajon palin Dutton Mfg. Co. 
Los Angeles........ . Conroy & Knowlton, Inc. 
Leed Insulator Corp. 
Tri-State Supply Co. 
Plastic Stamping, Inc. (Pomona) 
Laminated Fabricators 
Tri-State Supply Corp. 
San Diego. .. Ridout & Co 
COLORADO: 


..Vulcan Electric Distrs. 
. . Kiva Sales Co. inc. 


San Francisco 


, Plasticrafts, Inc. 
Englewood : Regal Plastic Supply Co. 
CONNECTICUT: 
Unionville. . . 
DISTRICT OF COLUMBIA: 
Arlington Milton H. Brooks & Son 
FLORIDA: 
Miami.......... Modern Plastics 
GEORGIA: 
Atlanta . Southeastern Plastic Sales Co. 
ILLINOIS: 
Chicago.....................Colonial Kolonite Co. 
Tingstol Co. 


. .Fabricon Corp. 


INDIANA: 
Indianapolis.......... 
oo City.. 

KENTUCKY: 

Louisville 

LOUISIANA: 

New Orleans 

MARYLAND: 

Baltimore 
me — eee 
‘on Insulating Fabricators of N.E. 

MICHIGAN: 

Dearborn............ F. B. Wright Co. 

pas . Chas. R. Mueller & Sons 

— Rapids. Novel Products 

Jac Plastigage Corp. 
MINNESOTA: 


Minneapolis. . . Special Parts, Inc. 
St. Paul ... Plastics, Inc. 
MISSOURI: 
Kansas City Brook Beatty Co. 
St. Louis Harris Mfg. Co. 
WEW JERSEY: 
East Rutherford 
NEW MEXICO: 
Albuquerque 
WEW YORK: 
Buffalo : .....Curbell, Inc. 
Long Island... Thomas J. Long. inc. 
New York City. ‘Commercial Plastics & Supply Co. 
Richmond Hill, Queens Comco Plastics 
Rochester General Circuits, Inc. 
Syosset, L.1...... Frank Products 
West Nyack _.Plasticraft Products Corp. 
NORTH CAROLINA: 


Gibsonville ‘ 
SOUTH CAROLINA: 
- Spartanburg 


Hyaline Plastics Corp. 
Television Associates, Inc. 


C. Lee Cook Co. 
Prager, Inc. 


Diecraft 


Insulating Fabricators, Inc. 
Plasticrafts, Inc. 


Engineered Plastics, Inc. 
Insulating Fabricators, Inc. 


Jaco Products Co. 

. .Durham Plastics, Inc. 
Dayton Plastics, Inc. 
..«...Dayton Plastics, tac. 


. Ideal Specialty Co. 


Harrisburg . .D. & H. Dist. Co. 
Philadelphia Laminated Materials 
Mascher & Lippincott 
Pittsburgh Earl B. Beach Co. 
“Chrishon Fabricators, Inc. 

TENNESSEE: 


. Norrell, Inc. 
- Plastic Fabricators Co. 


Cievelend.. 
Cincinnati 
Columbus 


Dayton... 
OKLAHOMA: 

Tulsa pene 
PENNSYLVANIA: 


.Plastelite Engineering Co. 
Service Engineers, Inc. 
Standard Parts & Equipment Corp. 
Houston...............Houston Gasket & Packing 
Replacement Parts Co. 
TAH: 
So. Salt Lake City... 


Plastic Products of Utah 
VIRGINIA 


Bristol , ; Wiliiams Co. 
Norfolk avevées ; Norva Plastics 
i nd Plywood Center 


Richmo' 
Se 
wisconsiw: 


Milwaukee 
West Allis 


General Plastics, Inc. 
Colonial Koionite Co. 
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4—BEARING MATERIALS AND PARTS 





Continental Diamond Fibre, Subsidiary of 
The Budd Co., 70 Chapel St., Newark 
45, Del. 

A2; B2, 3 


Formica Corp., Subsidiary of American 
Cyanamid Co., 4614 Spring Grove Ave., 
Cincinnati 32, Ohio 
Al, 2, 3; BI, 2,3 

(See Ad, Page 240, 241) 


Franklin Fibre-Lamitex Corp. 18th & 
[om Sts. on PRR, Wilmington 99, 


AD 3; B2, 3 


Gatke Corp., 228 N. LaSalle, Chicago 1, Ill. 
A2, 3; B2, 3 


General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 
B2, 3 


Gilbert Plastics & Supply Co., 630 N. 
Pulaski St., Baltimore 17, Md. 
A2, 3; B2, 3 


Hooker Chemical Corp., Durez Plastics 
Div., 5300 Walck Rd., Niagara Falls, 
N. Y. 

Al; B 


The Iten Fibre Co., 5400 Bower Ave., Ash- 
tabula, Ohio 
B2, 3 


Laminated Sheet Products Corp., 449 Ne- 
ponset, Norwood, Mass. 
A2, 3; B2, 3 


Lignum-Vitae Products Corp., 98D Boyd 
Ave., 4 City 4, N. J. 
A2, 3; 


Mastercraft Plastics Co. Inc., 95-01 150th 
St., Jamaica, N. Y. 
A2; B2 


Minnesota Mining & Mfg. Co., Mica In- 
sulator Div., 797 Broadway, Schenec- 
tady 1, N. Y. 

B3 


Murray Plastics Co., 58 River Rd., New 
Hamburg, N. Y. 
B2 


Plastics Engineering Co., 1607 Geele Ave., 
Sheboygan, Wis. 
Al 


The Richardson Co., 2795 Lake St., Mel- 
rose Park, Ill. 
A2, 3 
(See Ad, Page 247) 


Rogers Corp., Rogers, Conn. 
3 


, 


Jos T. Ryerson & Son Inc., 16th & Rock- 
well St., Chicago, III. 
A2, 3; B2, 3 


St. Louis Bearing Co., 333 East B, Wil- 
mington, Calif. 


a & 51,23 


St. Regis Paper Co., Panelyte Div., Enter- 
prise Ave., Trenton 8, N. J. 
Al, 2, 3; BI, 2,3 


Spaulding Fibre Co. Inc., 
Tonawanda, N. Y. 
A2, 3; B2, 3 


Synthane Corp., Oaks, Pa. 
3 


310 Wheeler, 


Taylor Fibre ~ Norristown, Pa. 


Union Carbide Plastics Co., Div. Union 
Carbide a i 270 Park Ave., New 
Meh” N.Y 


W-L Molding Co., 8214 U. S. Highway 
131 + Kalamazoo, Mich. 


Westinghouse Electric Corp., Micarta Div., 
Hampton, S. C 


A3; B2, 3 


Wilmington Fibre Specialty Co., 650 
A New Castle, De 


Graphite 


Graphite bearings are largely self-lubri- 
cating, have a low coefficient of friction, 
have little tendency to score soft steel, 
and can be used at temperatures up to 
700 F. 

The numeral coding system used in this 
list is: 

1. Basic raw material. 

2. Rods, bars, and tubes. 
3. Sheet or strip. 
4. Other forms (written in). 


Becker Bros. Carbon Co., 3450 S. Lara- 
mie, Cicero 50, Ill. 


? 


Gilbert Plastics & Supply Co., 630 N. 
Pulaski St., Baltimore 17, Md. 
3 


Metallized Carbon Co. Inc., 19 S. Water 
St., Ossining, N. Y. 
2 


Morganite Inc., 33-02 48th Ave., Long 
— City 1, N. Y. 
2, 


National Carbon Co., Div. of Union 
Carbide Corp., 270 Park Ave. New 
He) oo 


Ohio Carbon Co., 12508 Berea Rd., Cleve- 
land 11, Ohio 
es 


Pure Carbon Co. Inc., 441 Hall Ave., 
y Marys, Pa. 


The Richardson Co., 2795 Lake St., Mel- 
rose Park, Ill. 
2,3 


(See Ad, Page 247) 


St. Marys Carbon Co., 1939 State Rd., 
ae ee Pa. 


ve Carbon Co., Theresia St., St. Marys, 
a. 


2.3 
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A LIBRARY OF BASIC 
REFERENCE INFORMATION 


for Design Engineers 


from: 


}|DESIGN 


THE BEARINGS BOOK continues 
MACHINE DESIGN’s 1961 pro- 
gram of basic reference manuals 
treating and covering vital design- 
engineering subject areas. Other 
valuable handbooks to be published 


this year are: 


THE FERROUS METALS BOOK . Aug. 3, 1961 
THE ELECTRIC MOTOR BOOK .Dec. 21, 1961 


Each handbook will contain (1) a 
Design Data section, packed with 
useful engineering information for 
selecting and applying the materials 
or components covered; and (2) a 
Product or Manufacturers Directory 
offering the latest listing of ma- 
terials or components, organized by 
basic types for quick and easy refer- 
ence. 


Every reader on MACHINE 
DESIGN’s circulation list will re- 
ceive his personal copy of each 
handbook. Additional copies will be 
available at a nominal cost per 
copy. 


This entire series is designed to 
give pe the most useful, the most 
complete and current reference in- 
formation on important materials 
and components used in the every- 
day design of products. Make sure 
these me att Soske are coming to 
your department and are readily 
accessible. 


|DESIGN 


Basic Reference Manuals For Design 


Engineers 


A PENTON PUBLICATION 
CLEVELAND 13, OHIO 


A TOREDORRENITS A HELEN 











Other Nonmetallic Materials 


Some of the newer bearing materials, 
and some of the rarer bearing materials, 
are available in raw form. They are 
listed here, with the material written in. 
The numerical code indicates the avail- 
able form. 


The numeral coding system used in this 
list is: 


1. Basic raw material. 

2. Rods, bars, and tubes. 
3. Sheet or strip. 
4 


. Other forms (written in). 


Arguto Oilless Bearing Co., 143 Berkley 
St.. Wayne Junction, Philadelphia 4, 
P 


a. 
2 (plastic alloy) 
(See Ad, Page 236) 


Armstrong Resins Inc., P. O. Box I, 
Warsaw, Ind. 


1, 4 (Epoxy MoSz) 


Armstrong Cork Co., Lancaster, Pa. 


3 (TFE reinforced) 


Bonny Mfg. Corp., 146 Main St., May- 
nard, Mass. 


2, 3 (FEP plastic) 


Cadillac Plastic & Chemical Co., 15111 
Second Ave., Detroit 3, Mich. 


2, i (acetal plastic) 


Carmer Industries Inc., 22 N. 26th St., 
Kenilworth, N. J. 
2, 3 (Kel-F, Teflon 100) 


Chemical Coating & Engineering Co., 221 
Brooke Media, Pa. 
1 (urethane) 


Clevite Harris Products Inc., Lockwood 


Rd., Milan, Ohio 
2 (lubricated rubber) 


Diamonite Products Mfg. Co., U. S. 
Ceramic Tile Co., Shreve, Ohio 
2 (aluminum oxide ceramic material) 


John L. Dore Co., P. O. Box 7772, Hous- 
ton 7, Tex. 


(Fluorogreen TFE E-110 base composi- 
tion) 1, 2, 3, 4, 5, 6, 7 


E. I. DuPont de Nemours & Co. Inc., 
Polychemicals Dept., Wilmington 98, 
Del 


l (FEP plastic, acetal resin) 


-~¥ Corp., Fox Farm Rd., Warsaw, 
I 


na. 
1 (polycarbonate-glass fiber, nylon-glass 
fiber, acetal-glass tiber) 


Franklin Fibre-Damitex Corp., 18th & 
Market St. on PRR, Wilmington 99, 


Del. 
2, 3 (phenolic-graphite filled, TFE-glass 
Filled) 


Garlock Inc., Palmyra, N. Y. 
2, 3 (acetal resin, FEP Teflon) 


(See Ad, Page 231 and 245) 


General Electric Co., Laminated Prod- 
ucts Dept., Coshocton, Ohio 
3 (phenolic-nylon) 


Halogen Insulator & Seal sx 9999 Pa- 
cific Ave., Franklin Park, Ill 
2, 3 (TFE-glass) 


Hooker Chemical Corp., Durez Plastics 
. 500 Walck Rd., Niagara Falls, 


N. 
I (phenol ic-graphite) 


Minnesota Mining & Mfg. Co., Chemical 
Div., 900 Bush Ave., St. Paul 13, Minn. 
1 (CFE plastic) 


Murray Plastics Co., 58 River Rd., New 
Hamburg, N. Y. 
2 (phenolic paper) 
Ohio Carbon Co., 12508 Berea Rd., Cleve- 
land 11, Ohio 
1, 2, 3 (carbon-graphite) 
Plastics Engineering Co., 1607 Geele Ave., 
Sheboygan, Wis. 
| (phenolic-graphite) 


The Polymer Corp., 2120 Fairmont Ave., 
Reading, Pa 
2, 3 (fluorosint) 
(See Ad, Page 232) 


wey Manhattan Inc., Manheim, Pa. 
, 2, 3 (TFE-glass) 


Spaulding ag? > Inc., 310 Wheeler, 
Tonawanda, N 


2 (phenolic caoak 3 (phenolic paper, 
mone cotton cloth, —* oiemes 
cloth) 


Westinghouse Electric Corp., Micarta Div., 
oS Cok 


3 (phenolic-aluminum — phe- 
~tiogtghion, phenolic mosz) 


John Worley Jewel Co., North Falmouth, 


Mass. 
2 (boule, tungsten carbide), 3 (tungs- 
ten carbide), 4 (boule) 
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4—BEARING MATERIALS AND PARTS 


SIMPLIFY ASSEMBLY... 
Retain parts on shafts with slip fit and Loctite 


Designing with liquid Locrire eliminates press fits, shrink fits, broaching, knurling, keyways, 
set screws and pinning ... provides easier tolerances...cuts rejects and rework. 





novewne L376 max. op -1.375 22.2002 


ce | WAS L375 mia. -0.0003 
i ; x 0.6253 max. 
WAS Tez 


ee 
. —Y A —— 
as 1g 26250 20 | 


0.6225 min 























L3785 max. +0.0000 
1.3750 mia. 1D 0.625 -0.0002 


Bearings SHAFT BEARING 

LoctirE Sealant replaced press fit, opening up tolerances .002 inch on shaft and housing. Rejects 
were cut from 8% to 1% and rework from 20% to 0! Bond to inner race withstands 1000 lbs. thrust 
... equal to the best press fit. Slip fit with Locrtire gives more uniform retention . . . eliminates 
fretting damage due to loose “press fit” or bearing distortion resulting from tight press fit... 
assures better shaft alignment. Easier tolerances speed assembly. 


Is 


Hardened Sleeves Gears and Pulleys Rotors Fans 

Eliminates shrink fit Eliminates broaching, [Eliminates shaft dis- Eliminates set screws 

... mounts hardened knurling, shaft _ tortion and resulting ...no amount of vi- 

sleeve without pulling distortion. Easier regrinding & straight- bration will loosen 
gear replacement. i a 














LOCTITE Sealant is easy to apply... simple to automate 
LoctTITE is a one-component liquid with the unique property of converting to a tough plastic 
when confined between close fitting metal parts. It does not air dry. It does not require 
mixing with a catalyst and will not spoil on standing in a storage vessel. It comes fully pre- 
pared ...stores for years... hardens only when treated parts are assembled. It forms a 
tough seal that resists heat, oil, water, all common solvents. Parts treated with LoctiTE can 
be disassembled by ordinary methods. 


LOCTITE Kit No. 10-10 


Contains 10 grades of Loctite Sealant specially 
put up to assist designers in determining proper 
grade and use of Loctite in product development 
and for general experimental work. By selection 
of proper grade, the designer can apply a pre- 
determined amount of locking torque. 


Write for literature and free sample capsule. 


LOGTITE sEALaAnr 


AMERICAN SEALANTS CO. 111 North Mountain Road, Hartford 11, Conn. 
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PRODUCT DIRECTORY 


600 SERIES 


THE FORGEABLE BEARING ALLOYS THAT 
STAND UP ON THE REALLY TOUGH JOBS! 





600 ALLOY NOSE BEARING WITHSTANDS 
THE PUNISHING SHOCK LOADS OF AN 
IMPACT WRENCH 


This heavy-duty impact wrench takes the rigorous 
punishment of hard industrial use right on the nose. . . 
and right on the 600 Series nose bearing. This bearing was 
especially chosen by the manufacturer because of its ability 
to absorb a range of 1600 to 1800 impacts per minute at a 
torque of from 0 to 250 foot pounds. By specifying 600 bearing 
alloy, the manufacturer gets superior performance from his 
finished product. 


600 ALLOY RATCHET AND DRIVE GEAR BEARING 
TAKES THE TERRIFIC POUNDING OF A 
HIGH POWERED CHAIN SAW 


Professional woodcutters give chain saws a rough time for 
hours on end, al! year round, and these rugged saws must be 
built to take punishment. With chain speeds up to 3000 feet 
per minute, the ratchet and drive gear bearings, for example, 
must have a very high strength, hardness and good resistance 
to wear with minimum lubrication. That’s why 600 Series 
Alloy was specified for both parts . . . the ratchet is a forging 
and the bearing was produced from 600 Series rod. 





MUELLER BRASS CO. SPECIALIZES IN ALLOYS FOR DIFFICULT APPLICATIONS 


The alloys available from the Mueller Brass Co. range from those having high 
For complete engineering data, write hardness and wear properties, to alloys that must possess excellent electrical 
today for Special Alloys Kit No. 13. conductivity, and ones that must have free-machining properties. Let our 
engineers help you select the alloy best suited to your exact application. 


oe MUELLER BRASS CO. Port HURON 20, MICHIGAN 


326 
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NEW TEFLON 
BEARINGS 

for Non-lubricated 
Service 


Railroad truck bearings (top), carburetor bear- 
ings (center), and saddle bearings for textile 
machinery (bottom)— fabricated from top-quality 
Tefion*® stock by Garlock—offer performance 
unmatched by any other material. 


4—BEARING MATERIALS AND PARTS 


Now—new bearings of Teflon eliminate 
lubrication . . . resist extreme tempera- 
tures and reactive chemicals .. . drasti- 
cally reduce downtime. 


No finer combination of properties. Bear- 
ings of Teflon offer a lower coefficient 
of friction than any other solid ma- 
terial; they have exceptional thermal 
stability and are suitable for continu- 
ous service to +500°F; they are com- 
pletely resistant to nearly all chemicals 
and solvents; they are tough, abrasion- 
resistant, have no moisture absorption. 


Applied where safety and reliability are 
essential. Teflon is used as journal and 
thrust bearings, and on other sliding 
surfaces where lubricated bearings are 
undesirable, or incapable of operation 
in extreme temperatures or corrosive 
conditions, or where there is a possi- 
bility of lubricant failure. Teflon bear- 
ings afford unexcelled performance 
where slip-stick motion must be 
minimized . . . on reciprocating and 
oscillating systems where the lowest 
possible static friction must be at- 
tained . . . where space and weight 
savings are essential. 


Easily fabricated from high-quality Gar- 
lock stock shapes. Teflon bearings can 
be simply and economically made from 
standard Garlock tape, bar and rod 
stock available through local Garlock 
distributor outlets. Or, if you wish, 
Garlock will work to your exact 
specifications in furnishing bearings of 
all tolerances and size. Whatever the 
case, the key to best bearing perform- 
ance is through the use of Teflon stock 
shapes by Garlock. With years of 
experience in research and processing 
of plastics, Garlock is able to recom- 
mend and furnish exactly what you 
need, when you need it, and at the 
lowest possible cost. 


Find out more about Teflon bearings. 
Consult your local Garlock representa- 
tive at the nearest of the 26 Garlock 
sales offices and warehouses throughout 
the U.S. and Canada. 


Or, write for Plastics Catalog AD-177, 
Garlock Inc., Palmyra, New York. 


GA RLO CC HK 


1961 Edition 


Circle B-80 on Page 137 


Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket 
Company 


Order from the Garlock 2,000 . . . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded & Extruded 
Rubber, Plastic Products 


*DuPont Trademark 





PRODUCT DIRECTORY 


“It's round,” said Chris, ‘‘perfectly round!’ 


Columbus proved the earth was round, 
just as Universal’s 100% inspection proves the perfect 
roundness of its classic precision balls— 
quality controlled perfection for every possible 
application by designer and manufacturer. Both 
metallic and non-metallic materials are precision lapped 


to tolerances as fine as 0.000005 of an inch. 
For complete information on Universal's perfectly round 


Precision Balls, write for our new 2 color brochure. 


UNIVERSAL QUALITY CONTROL—FOR ALL AROUND PERFECTION 


> 
°e| Universal Ball co. 
s WILLOW GROVE, MONTGOMERY CO. PA 
Circle 8-81 on Page 137 








instant bearings from 





heavy: wall tubing 


provide these added advantages: self-lubricating, 
tough, long-wearing. Practically frictionless, and 
non-corrosive, DANCO Heavy Wall Tubing is held to 
close tolerances. Rely on dependable DANCO for 
nylon rod, strip, pressure and heavy wall tubing. 
HEAVY WALL TUBING. Sizes include: O.D. from V2" to 


2"; 1.D. from Ye" to 12". Tolerances: 1.D. +.025,-0.0; 
0.D.* .010. Nylon used is Type 6 or 66. 

ROD: Centerless ground. 4" to 2". Stock length: 

10 ft. Other lengths available on request. 

STRIP: Thickness: .015", .020°°, .025", .031", .050", 
062", .075", 093", .110", .125", Width: 4%" to 6”. 
See Danco on your molding problems in 

Nylon and other engineering Thermoplastics. 


Write for new, 
complete litera- 
ture. Free. 


THE DANIELSON MANUFACTURING COMPANY 
A Subsidiary of Nicholson File Company 
DANIELSON, CONNECTICUT 


Circle 8-83 on Page 137 


PLASTIC EXTRUSIONS... ANY SHAPE OR SIZE 


Ace is one of America’s leading mass producers of plastic extrusions 
and all types of precision parts. Any shape, form or color. Any type 
of plastic. Smail runs or large runs. Huge stocks 
for immediate delivery. Quick, low-cost service on 
specials. Write, wire or call for samples, price lists 
and technical bulletins. 


SINCE 1934 ~ 


EXTRUOERS 
sxoivowse 


ACE PLASTIC COMPANY 91-18 VAN WYCK EXPWY - JAMAICA 35. N Y 
Circle B-82 on Page 137 
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HAVE YOU DOUBLE-CHECKED 
HAVE YOU DOUBLE-CHECKED 


the “How-to-use-this-book” Contents 
Pages to make sure that no helpful item 
or section of information on BEARINGS 
or BEARING MATERIALS has escaped 
you? After you riffle through it, go 
back and read the instructions on how 
to read this book. This will save you a 
lot of time, and will enable you to get 
the information you want with a mini- 
mum of effort. Make a note of this, 
too: if you want further information on 
any advertiser’s products shown in the 
Directory, use a READER SERVICE 
CARD, page 137. 


|DESIGN 
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4—BEARING MATERIALS AND PARTS 


Laminated INSUROK’ Opens New Design Horizons 


FOR COMPONENTS MADE FROM SHEETS, RODS, TUBES AND FABRICATED PARTS 


Characteristics of Richardson Laminated INSUROK® 
of major importance to material and design engineers 
include: lightweight (half the weight of aluminum), 
remarkable strength to weight ratio, durability, re- 
sistance against corrosion and chemical action, high 
insulating and heat-resisting qualities, and excellent 
machinability. Usually, no additional or protective fin- 
ish is needed. Many grades are specially formulated to 
produce a specific combination of properties for spe- 
cific applications. 


This combination, and wide range, of properties allows 
INSUROK® to outperform and outlast metals and 
other materials in countless applications—mechanical, 
electrical or chemical. 


Our rigid quality control methods and follow-through 

. . as the one source for manufacturing the laminated 
material to fabricating the finished part is your best 
guarantee of uniform, trouble-free parts. To assure 
precision tolerances, we maintain the most modern and 
experienced tool and die shop. Our Melrose Park, 
Illinois, and New Brunswick, New Jersey, plants pro- 
vide you with complete fabricating service. 


Whenever your product design demands a combination 
of desirable properties . . . investigate INSUROK®. 
It is available in rods, tubes, sheets or fabricated parts 
(including screw machine parts). Contact your nearest 
Richarc'son Branch Office for further information. It’s 
likely yc can help you solve some of your tough 
design problems. 


Write Dept. 10 for free technical data 


Sales Offices In Principal Cities 
2795 LAKE STREET, MELROSE PARK, ILLINOIS 


1961 Edition Circle B-84 on Page 137 











earings Manufacturers 


A 


The Abbott Ball Co., Railroad Place, Hartford 


10, Conn. (4) 


Accurate Bushing Co.. Smith Bearing Div., 443 
North Ave., Garwood, N. J. (2, 3) 


Ace Plastic Co., 91-30 Van Wyck Expressway, 
Jamaica 35, N. Y. (4) 

Acme Ball Bearing & Mfg. Co., 12245 Turner 

Ave., Detroit 4, Mich. (1) 


Acme Brass Foundry Co. of San Antonio, 716 
Wyoming, San Antonio 3, Texas (3, 4) 
Acorn Bearing Co., 66 Stanley St., New Brit- 

ain, Conn. (1, 2) 
All-Metals Precision Casting Corp., 20 School, 
Yonkers, N. Y. (3) 


Allied Plastics Supply Corp., 75 Cliff St., New 
York 38, N. Y. (3, 4) 


Allison Div., General Motors Corp., P. O. Box 
S04, Indianapolis 6, Ind. (3, 4) 


Aluminum Co. of America, 1501 Alcoa Bidg., 
Pittsburgh 19, Pa. (3, 4) 


American Auto Parts Co., 919 Bonham, Co- 

lumbusa, Ohio (3) 
American Ball Bearing Co., 70 Flushing Ave., 
Brooklyn 5, N. Y. (1, 2) 


Subsidiary of Na- 
Harding, Indian- 


American Bearing Corp 
tional Lead Co., 429 8&8 
apolis, Ind. (3) 


American Brake Shoe Co American Brake- 
biok Div P. O. Box 21, Birmingham, Mich 
(3) 

The American Crucible Products Co., Oberlin 

& Smith Ave Lorain, Ohio (3, 4) 


American Koyo Corp 60 Broad 8t Seattle, 
Wash. (1, 2) 


American Metal Bearing Co., 2277 EB. 16th 8t., 
Los Angeles 21. Calif. (3, 4) 


American Powdered Metals, Inc Box 217, 7 
Philip Place, North Haven, Conn. (3) 


American Roller Bearing ; 416 Melwood 
Ave Pittsburgh 13, Pa 


American Sealants Co., Mountain Rd., 


Hartford 11, Conn. (4) 


American Wood Working Montello, Wis 


(3) 


Ampeo Metal Ine 38th & Maple, Milwaukee 
Wis. «3, 4) 


Anaconda American Brass Co 414 Meadow 
Bt Waterbury 20. Conn. (4) 


Analogue Controls Inc 200 Frank Rd., Hicks- 
ville, L. L, N. ¥. @ 
Andrews Bearing Co Box 570, Spartanburg 

8. Cc. (i, 4) 
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Ann Arbor Bearing & Mfg. Co., 815 Wildt 
St., Ann Arbor, Mich. (1, 2) 


Arguto Oilless Bearing Co., 143 Berkley St., 
Wayne Junction, Philadelphia 44, Pa. (3, 4) 


Armstrong Cork Co., Lancaster, Pa. (4) 
P. O. Box 1, Warsaw, 


Armstrong Resins Inc., 
Ind. (4) 


Associated Plastic Fabricators Inc., 166 N. 
May, Chicago 7, Ill. (3, 4) 

Atkinson Co., 575 Lyell Ave., Rochester, N. Y. 
(3) 

Atlantic Plastics Inc., Bonner & Selleck Sts., 

Stamford, Conn. (4) 


Atlas Brass Foundry, Santa Fe at lith Sts., 
Los Angeles 21, Calif. (3, 4) 


Auburn Ball Bearing Co., 28 Industrial St., 
Rochester 14, N. Y. (1, 2) 

The Auburn Mfg. Co., 300 Stack St., Middle- 

town, Conn. (4) 


Automation Bearings Corp., 120 Colonial Ave., 
Bridgeport, Conn. (3) 
Auto-Swage Products Inc., Wooster & Canal 

Sts., Shelton, Conn. (3, 4) 
Pitts- 


Averman Bronze Co., 4042 Liberty Ave., 


burgh, Pa. (3) 


Ball & Roller Bearing Co., 22 Maple Ave., 
Danbury, Conn. (1, 2, 4) 

The Barden Corp., 200 Park Ave., Danbury, 

Conn. (1) 


Bayside Watch Tool Co. Inec., 20-02 Utopia 
Parkway, Whitestone 57, N. Y. (i, 4) 


Bearing Inspection Inc., 3311 E. Gage Ave., 
Huntington Park, Calif. (4) 


Bearing Service Co., 4550 Baum Bilvd., Pitts- 
burgh 13, Pa. (1, 2, 4) 
Roches- 


Bearium Metals Corp 190 Mill St., 


ter 14, N. Y. (3, 4) 
Beauideal Inc., 867 8S. Water, Saginaw, Mich. 
‘}) 


Beaver Precision Products, 651 Rochester Rd., 
Clawson, Mich. (1, 2) 

Becker Bros. Carbon Co., 3450 8. Laramie, 
Cieero 50, Ill. (3, 4) 

Beckett Bronze Co., 20th & 8S. Walnut Sts., 
Muncie, Ind. (3, 4) 

Beemer Engineering Co., Industrial Park, Fort 

Washington, Pa. (3, 4) 


Belding Corticelli Industries, Chemical Div., 
1407 Broadway, New York 18, N. Y. (4) 


Berliss Bearing Co., 644 W. Mount Pleasant 
Ave., Livingston, N. J. (2, 4) 


Berthelsen Engineering Works Inc., Micro-Ball 
v., P. O. Box 1423, Joliet, Ill. (4) 


Bethlehem Steel Co., Bethlehem, Pa. (4) 


Richard H. Bird & Co. Inc., 1 Spruce S&t., 
Waltham 54, Mass. (3, 4) 


Birmingham Metal Products Inc., Box 57, Erie 
County, Birmingham, Ohio (3) 


Blanke Plastic Co., Watson Industrial Park 
at Route #66, Crestwood, Mo. (3) 


Blue Water Plastics Co., 317 8S. Whiting, St. 

Clair, Mich. (3) 
Bogert & Hopper Inc., 101 W. 3ist, New York 
1, N. ¥. (3, 4) 


Bohn Aluminum & Brass Corp., 1400 Lafayette 
Bidg., Detroit 26, Mich. (3) 


Bonny Mfg. Corp., 146 Main S8t., Maynard, 
Mass. (3, 4) 


Booker-Cooper Inc., 6940 Farmdale Ave., North 
Hoilywood, Calif. (3) 


Boston Gear Works, 64 Hayward S8t., Quincy 
71, Mass. (3, 4) 


Bound Brook Oil-Less Bearing Co., Lincoln 
Bivd., Bound Brook, N. J. (3, 4) 

Bram Metallurgical-Chemical Co., 820—65th 
Ave., Philadelphia 26, Pa. ( 


Brass & Bronze Casting Co. Inc., Butler Rd., 
Pittsburgh 23, Pa. (4) 


Bremen Bearings Inc., U. 8S. 6 W., Bremen, 
Ind. (2, 3, 


E. E. Brennan Co., 43 Clarkson, New York 


14, N. ¥. (#) 


Briney Mfg. Co., 1175 Seba Rd., Pontiac, 


Mich. (1) 


Brockway Pressed Meiais Inc., Box 218, Brock- 

way, Pa. (3) 
Bronze Bearings Inc., 3553 W. Addison 8&t., 
Chicago 18, Ill. (3) 


Bronze Die Casting Co., 1836 Franklin St., 
Pittsburgh 33, Pa. (3, 4) 

Browning Mfg. Co., 1935 Browning Drive, 

Maysville, Ky. (1, 2) 


Buckeye Brass & Mfg. Co., 6410 Hawthorne 
Ave., Cleveland 3, Ohio (3. 4) 

Bulova Watch Co. Inc., Turtle Mountain Div., 
Rolla, N. D. (3) 
Bumgardner & Co., Elm Grove, Wheeling, 

W. Va. (3, 4) 


The Bunker Hill Co., 660 Market, San Fran- 
cisco 4, Calif. (4) 


The Bunting Brass & Bronze Co., 715 Spencer 
St., Toledo 1, Ohio (3, 4) 
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Bushings Inc., 4358 Coolidge Highway, P. O. 
Box 189, Royal Oak, Mich. (3) 


Bushings Inc., 1701 Glenwood Ave., Philadel- 
phia 32, Pa, (3, 4) 


Byrd Plastics Inc., 2950 W. 12th St., Erie, Pa. 
(3, 4) 


Byron-Jackson Div., Borg-Warner Corp., Box 
2017, Termina! Annex, Los Angeles 54, Calif. 
(3) 


Cc 


Cadillac Plastic & Chemical Co., Div. of 
Dayco Corp., 15111 Second Ave., Detroit 3, 
Mich. (4) 


Carbon City Products Co. Inc., 58 Ford Rd., 
St. Marys, Pa. (3) 


Carbone Corp., 400 Myrtle Ave., Boonton, N. J. 
(3) 


Carbonite Metal Co. Inc., 305 Grove, Burling- 
ton, Wis. (4) 


c. 8. Card Iron Works Co., P. O. Box 117, 
Denver 1, Colo. (2) ’ 

Carley Mfg. Co. Inc., 500 N. Union, Olean, 

N. Y. @) 


Carmer Industries Inc., 22 N. 26th St., Ken- 
ilworth, N. J. (3, 4) 


Certified Metals Mfg. Co., 1940 River Rd., 
Cincinnati 4, Ohio (3, 4) 

Chain Belt Co., Shafer Bearing Div., Box 57, 

Downers Grove, Ill. (2) 


Chambersburg Lumber Co., Chambersburg, Pa. 
(3) 


Chase Brass & Copper Co. Inc., Subsidiary of 
Kennecott Copper Corp., 236 Grand S8t., Wa- 
terbury, Conn. (4) 


Chemical Coating & Engineering Co., 221 
Brooke, Media, Pa. (4) 


Chemical Materials Dept., General Electric 

Co., One Plastics Ave., Pittsfield, Mass. (4) 
Chicago Gasket Co., 1271 W. North Ave., Chi- 
cago 22, Ill. (3, 4) 


Chicago Powdered Metal Products Co., 9700 
Waveland Ave., Schiller Park, Ill. (3) 
Chicago Wood & Plastic Products Co., 4201 W. 
Irving Park Rd., Chicago 41, Ill. (3, 4) 
Chili Plastics Inc., 56 Plastic Rd. North 
Chili, N. Y. (3, 4) 


Chrysler Corp., Amplex Div., P. O. Box 2718, 
Detroit 31, Mich. (3, 4) 


Clark Products, 1149 8S. Main St., Racine, Wis. 
(3, 4) 


Cleveland Graphite Bronze, Div. of Clevite 
Corp., 17000 St. Clair Ave., Cleveland 10, 
Ohio (3, 4) 


Cleveland Powder Metal Inc., 320 S. Water St., 
Kent, Ohio (3, 4) 


Clevite Harris Products Inc., Lockwood Rd., 
Milan, Ohio (3, 4) 


Climax Metal Products Co., 863 E. 140th, 
Cleveland 10, Ohio (3, 4) 


Nathan Cohen Ine., 1519 North 2ist, Phila- 
delphia 21, Pa. (3) 


Columbian Bronze Corp., N. Main St., Free- 
port, N. Y. (3) 


Columbiana Engineering Co., 11 E. Salem, 
Columbiana, Ohio (2, 3, 4) 


1961 Edition 


Compacted Metals Corp., 99 Greenwood Ave., 
Waukegan, Ill. (3) 


Condenser Service & Engineering Inc., 150 
Observer Highway, Hoboken, N. J. (3) 


Continental Diamond Fibre, Subsidiary of The 
Budd Co., 70 Chapel St., Newark 45, Del. 
(3, 4) 


Continental Smelting & Refining Co., 7751 W. 
47th, MeCook, Ill. (4) 


Continuous Cast Products Dept., American 
Smelting & Refining Co., 120 Broadway, 
New York 5, N. Y¥. (4) 


Copper Split Roller Bearing Corp., Box 526 
Locust 8t., Carnegie, Pa. (2) 


Corlett-Turner Co., 9145 King St., Franklin 
Park, Ill (2, 4) 


Corning Glass Works, Corning, N. Y. (4) 


Cosmo Plastics Co., 3239 W. 14th, Cleveland 
9, Ohio (3) 


Crane Packing Co., 6400 Oakton St., Morton 
Grove, Ill. (3, 4) 


Crescent Smelting Works Inc., 238 Siegel, 
Brooklyn, N. Y. (4) 


D 
Dale Bearings Inc., 1974 Broadway, New 
York 23, N. Y¥. (1) 


The Danielson Mfg. Co., Subsidiary Nicholson 
File Co., Danielson, Conn. (4) 


deGroh Bearing Co., 467 W. 3ist St., Chicago 
16, Il. (1, 2, 4) 


The Derby Castings Co., 591 N. Main S&t. 
P. O. Box 111, Seymour, Conn. (3) 


Detroit Aluminum & Brass Corp., 3975 Chris- 
topher St., Detroit 11, Mich. (3, 4) 


Diamonite Products Mfg. Co., U. 8S. Ceramic 
Tile Co., Shreve, Ohio (4) 


Dixie Bronze Co. Inc., 2231—27th Ave. N., 
Birmingham, Ala. (3) 


Dixie Lead Co., P. O. Box 8625, Dallas, Texas 
(4) 


Dixon Corp., 19-21 Burnside St., Bristol, R. L. 
(3, 4) 


Dixon Sintaloy Inc., 535 Hope St., Stamford, 
Conn. (3) 


Dodge Mfg. Corp., 1952 William, Mishawaka, 
Ind. (1, 2, 3) 


Donley Products Inc., Jergens Div., 11106 
Avon Ave., Cleveland 5, Ohio (2) 


John L. Dore Co., P. O. Box 7772, Houston 
7, Tex. (3, 4) 


Du Bois Plastic Products Inc., 152-178 Florida, 
Buffalo 8, N. Y. (3) 


E. I. duPont de Nemours & Co. Inc., Poly- 
chemicals Dept., Wilmington 98, Del. (4) 


Dura-Bond Bearing Co., P. O. Box 11085, 3201 
Ash St., Palo Alto, Calif. (3) 


Duro-Life Corp., 3335 S. Ridgeway Ave., Chi- 
cago 23, Ill. (3, 4) 


Eaton Mfg. Co., Powdered Metals Div., 325 
Jay St., Coldwater, Mich. (3) 


Eaton Mfg. Co., Reliance Div., 8. Erie & 
Charles Sts., Massillon, Ohio (4) 


J. B. Ehrsam & Sons Mfg. Co., 180 N. Fac- 
tory, Enterprise, Kans. (3) 


Emerson Plastics Corp., 1383 Seabury Ave., 
Bronx 61, N. Y¥. (3, 4) 


Empire Metal Co., 820 EB. Water 8t., Syra- 
cuse, N. Y. (4) 


Engineered Nylon Products Co., Div. of Ken- 
natrack Corp., 2530 Bypass Rd., Elkhart, 
Ind. (3, 4) 


Erie Bronze Co., 19th & Chestnut S8t., Erie, 
Pa. (3, 4) 


Essex-Lehman Alloys Co. Inc., 421 Adama, 
Newark, N. J. (4) 


E. B. Estes & Sons, 100 Fifth Ave., New York 
11, N. ¥. @) 


The Fafnir Bearing Co., 37 Booth St., New 
Britain, Conn. (1, 3) 


Faunt Foundry Co., 8524 Vincinnes Ave., Chi- 
cago 20, lil. (3, 4) 


The Federal Bearings Co. Inc., W. Broadway, 
Poughkeepsie, N. Y. (1) 


Federal] Bronze Products Inc., 2 Wheeler Point 
Rd., Newark, N. J. (3, 4) 


Federal-Mogul-Bower Bearings Inc., Bearings 
Co. of America Div., 501 Harrisburg Ave., 
Lancaster, Pa. (1, 4) 


Federal-Mogul-Bower Bearings Inc., Bower 
Roller Bearing Div., 3040 Hart Ave., Detroit 
14, Mich. (2, 4) 


Federal-Mogul-Bower Bearings Inc., Federal- 
Mogul Div., 11031 Shoemaker Ave., Detroit 
13, Mich. (3) 


Federal-Mogul-Bower Bearings Inc., Microtech 
Div., 1201 N. Arden Drive, El Monte, Calif. 
qd) 


Ferro Powdered Metals Inc., Box 312, Salem, 
Ind. (3) 


Fiberfil Corp., Fox Farm Rd., Warsaw, Ind. 
(4) 


Flood City Brass & Electric Co., Elder & Mes- 
senger Sts., Johnstown, Pa. (3, 4) 


Fluorulon Labs Inc., Box 305, Caldwell, N. J. 
(3) 


P. J. Fobert & Co., 1720 Cloverfield St., Santa 
Monica, Calif. (3) 

Formica Corp., Subsidiary of American Cy- 
anamid Co., 4614 Spring Grove Ave., Cin- 
cinnati 32, Ohio (4) 


Foster-Grant Co. Inc., Petrochemical Div., 289 
Main N., Leominster, Mass. (4) 


Franklin Fibre-Lamitex Corp., 18th & Market 
Sts. on PRR, Wilmington 99, Del. (3, 4) 


Freeway Washer & Stamping Co., P. O. Box 
1756, Cleveland 5, Ohio (1) 


Friction Products Mfg. Co., 1000 8. E. Main, 
Portland 14, Ore. (3) 


Frontier Bronze Corp., 4870 Packard Rd., 
Niagara Falls, N. Y. (3, 4) 


Cc. L. Frost & Son, 345 Summer N.W., Grand 
Rapids, Mich. (1) 


Fusion Bearing Co., 3102 W. Walnut, Milwau- 
kee 8, Wis. (3) 
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Benring Manufacturers (Cont.) 








G 


Gardiner Metal Co., 4820 8. Campbell St.. Chi 
cago 32, Tl. (4) 
Jariand Bearing Co 1464 Waterloo Rd., 

berton, Ohio (3) 
Garlock Inc Palmyra, N. Y. (3, 4) 
Garlock Inc Special Products Dept.. P. O 
Box 612. Camden 1, N. J. (3, 4) 


Gatke Corp 228 N. LaSalle, Chicago 1, Ill 
(3, 4) 

Aurele M. Gatti Inc., 524 Tindall Ave., Tren 

ton 10 N. J. (3, 4) 


General Bearing Co. Inc., P. O. Box 455, West 
Nyack, N. Y. (1, 3) 

General Electric Co Laminated Products 

Dept Coshocton, Ohio (4) 


General Electric Co Metallurgical Products 
Dept Box 237, Roogeveli Park Station 


Detroit 32, Mich. (3, 4) 


General Mfg Corp 21 Arnot Place Lodi 
N. J. (3, 4) 


Deleo-Moraine Div 
Dayton 1, Ohio (3) 


General Motors Corp 
1420 Wisconsin Bivd 


General Motors Corp Hyatt Bearings Div 
427 Middlesex St., Harrison, N. J. (2) 


General Plastics Corp., 55 La France Ave 
Bloomfield, N. J. (4) 


General Precision Inc., Kearfott Div., 195 E 
Railway Ave., Paterson, N. J. (1) 

Gilbert Plastics & Supply Co., 630 N. Pulaski 
St., Baltimore 17, Md. (3, 4 

Goldens’ Foundry & Machine Co., 6th Ave. & 

12th St., Columbus, Ga. (1, 3) 


B. F. Goodrich Industrial Products Co. Div 
of The B. F. Goodrich Co., 500 8. Main St 
Akron 18, Ohio (3) 

Graphite Metallizing Corp., 1050 Nepperhan. 
Yonkers, N. Y¥. (3) 

The Green ball Bearing Co., 9518 Cassius 
Ave., Cleveland 5, Ohio (1) 

Gries Reproducer Corp 119 Beechwood Ave 

New Rochelle, N. Y. (3) 


The Gwilliam Co. 360 Furman 8t., 
N. ¥. (1, 2, 4) 


Brookiyn 1, 


H 


H. R. Engineering Laboratories Inc., 1 Nor 


wich Rd East Haddam, Conn. (3) 
Halogen Insulator & Seal Corp., 9999 Pacific 
Ave., Franklin Park, Ill. (3, 4) 

Grafton 


The Harris Corp., 1000 Bridge St 


Wis. (3) 


M. A. Harrison Mfg. Co. Inc., Route 113 & 
Harrison Rd., Birmingham, Ohio (3) 


Hartford Steel Ball Co., 12 Jefferson Ave., 
Drawer Q, Station A, Hartford 6, Conn 
ai, 4) 


Haynes Stellite Co., Div. of Union Carbide 
Corp.. 270 Park Ave., New York 17, N. Y¥ 
«3, 4) 

The Heim Co., Fairfield, Conn. (1, 3) 


Hewitt-Robins Inc., 666 Glenbrook Rd., Stam- 
ford, Conn. (2) 
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Theodore Hiertz Metal Co., 8011 Alaska Ave., 


St. Louls, Mo. (4) 
J. F. Hodgkins Co., Randolph-Gardiner, Me. 
(3, 4) 
Hodgson Foundry Co., 2014 W. 13th 8t., Chi- 
cago 8, Ill. (3, 4) 


Hooker Chemical Corp., Durez Plastics Div., 
500 Walck Rd., Niagara Falls, N. Y. (4) 
Hoover Ball & Bearing Co., 5440 S. State Rd., 

Ann Arbor, Mich. (1, 2, 4) 


Hoover Ball Div., Hoover Ball & Bearing Co., 
Coolidge Plant, Middletown, Ohio (4) 


Howe Engineering Co. Inc., 5800 Massachu- 
setts Ave., Indianapolis, Ind. (1) 


Ideal Plastics Corp., 184-10 Jamaica Ave., 


Hollis, N. Y¥. (3) 


Imperial Cantrell Mfg. Co. Ine., Ashe St., 
Jellico, Tenn. (3) 


Subsidiary of P. R. Mallory Co 


Indar Corp., 
Indianapolis 5, Ind 


Inc., 3448 Shelby 8t., 
(3) 


Special Machinery Div., 15815 


Indus Corp., 
Indianapolis 25, Ind. (1) 


Madison Ave., 


Wheel & Bearing Div., 1815 
Indianapolis 25, Ind. 


Indus Corp., 
Madison Ave., 


Industrial Jewel Bearing Co., Morrisville, Pa 
3) 


Industrial Metals Alloy Co., Winston-Salem, 
. ¢ 


“4 


Industrial Tectonics Inc., Bearing Div., 18301 
Sante Fe Ave., Compton, Calif. (1, 2, 4) 
Inland Equipment Co., 504 Fifth Ave. &., 

Nashville, Tenn. (4) 


International Harvester Co., 7 South 600 Coun- 
ty Line Rd., Hinsdale, Ill. (1, 2) 


International Harvester Co., West Pullman 
Works, 1015 W. 120th 8St., Chicago 43, Ill. 
(i, 2) 


International Powder Metallurgy Co. Inc., 439 
W. Main St., Ridgway, Pa. (3, 4) 


Irwin Bearing Co., 1738 Townsend St., Cin- 


cinnati 23, Ohio (1) 


111 Main, Garland, Pa. 


Irwing Mfg. Co. Inc., 
(3) 


The Iten Fibre Co., 5400 Bower Ave., Ashta- 


bula, Ohio (3, 4) 


J 


Janney Cylinder Co., 7401 State Rd., Philadel- 


phia 36, Pa. (3, 


Joclin Mfg. Co., 30 Lufbery Ave., Walling- 


ford, Conn. (3) 
Johnson Bronze Co., New Castle, Pa. (3, 4) 
Joy Ball Bearing Corp., 4538 W. Fulton S&t., 
Chicago 24, Ill. (1, 2, 4) 


K 


The Kaydon Engineering Corp., Muskegon, 


Mich. (1, 2, 4) 


Hugo P. Keller Jr., 50 BE. 42nd St., New York 
17, N. ¥. @G, 4) 


Kendale Washer & Stamping ry 5217 Swee- 


ney Ave., Cleveland 27, Ohio (1 


Keystone Carbon Co., 1935 State, St. Marys, 


Pa. (3, 4) 


Kingsbury Machine Works Inc., Tackawanna 
& Church Sts., Philadelphia 24, Pa. (3) 


F. J. Kirk Molding Co. Inc., 32 Brook St., 
Clinton, Mass. (3) 


Koppers Co. Inc., Piston Ring & Seal Dept., 
P. O. Box 636, Baltimore 3, Md. (3) 

H. Kramer & Co., 1339-45 W. 2ist St., Chi- 

cago 8, Ili. (4) 


Kurz-Kasch Inec., 1415 8. Broadway, Dayton 


1, Ohio (3) 


Kwikset Powdered Metal Products, 516 E. 
Santa Ana St., Anaheim, Calif. (3, 4) 


L 


L & S Bearing Co., P. O. Box 995, Oklahoma 
City 1, Okla. (1, 2, 4) 


The Lacey Mfg. Co. Inc., 715 Union Ave., 


Bridgeport 7, Conn. (4) 


Lamina Dies &' Tools Inc., 14925 Eleven Mile 
Rd., Oak Park, Mich. (3, 4) 


Laminated Sheet Products Corp., 449 Neponset, 
Norwood, Mass. (3, 4) 


—— & Gyr Inc., 45 W. 45th, New York, 
. ¥. Cl, 2) 


Lignum-Vitae Products Corp., 98D Boyd Ave., 
Jersey City 4, N. J. (3, 4) 


Link-Belt Co., Prudential Plaza (17th Floor), 
Chicago 1, Il. (1, 2, 3, 4) 


Los Angeles Smelting Co., 10047 S. Alameda, 
P. O. Box 72058, Los Angeles 2, Calif. (3, 4) 


Lumen Bearing Co., 197 Lathrop S8t., Buffalo 


12, N. ¥. (3, 4) 
M 


Magnolia Metal Co., Inc., 800 McCarter High- 
way, Newark 2, N. J. (3, 4) 


Magnus Metal Div., National Lead Co., 111 
Broadway, New York 6, N. Y. (3) 


Manganese Steel Forge Co., Richmond St. & 
Castor Ave., Philadelphia 34, Pa. (3) 


Marion Bronze Co. Inc., Barnhart St. & Erie 


RR, Marion, Ohio (3, 4) 


Markey Bronze Bushing Co., 1952 Van Buren 


Rd., Delta, Ohio (3, 4) 


Marlin-Rockwell Corp., 402 Chandler S&t., 
Jamestown, N. Y. (1, 2, 3, 4) 


Mastercraft Plastics Co. Inc., 95-01 150th 8St., 
Jamaica, N. Y. (3, 4) 


Mathews Conveyer Co., Drawer 191, Ellwood 
City, Pa. (1) 


McGill Mfg. Co., 909 N. Lafayette, Valparaiso, 


Ind. (1, 2, 4) 


MeNally Pittsburg Mfg. Corp., 3rd at Walnut 
St., Pittsburg, Kans. (3) 


McQuay-Norris Mfg. Co., 2322 Marconi &t., 
St. Louis 10, Mo. (3) 


Merkin & Lurie Industries, 13711 Joy Rd., 
Detroit 28, Mich. (3) 
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Merriman Bros. Inc., Lubrite Div., 185 Amory 
St., Jamaica Plain District, Boston 30, Mass. 
(3, 4) 

Messinger Bearings Inc., D St. above Erie 

Ave., Philadelphia 1, Pa. (1, 2) 


Metal Ceramics Powdered Metal Products, 1511 
Mannheim Rd., Melrose Park, Ill. (3) 
Metal Powder Products Inc., P. O. Box 189, 
Logan, Ohio (3) 
Metallized Carbon Co. Inc., 19 S. Water St., 
Ossining, N. Y. (3, 4) 


Metzgar Conveyor Co., 412 Douglas St. N.W., 

Grand Rapids 4, Mich. (1, 3, 4) 
The Micro Ball Co., 95 Wolcott Ave., Torring- 
ton, Conn. (4) 


Micromatic Hone Corp., 
Los Angeles 23, Calif. 


Micro-Precision Div., 
1535 Grande Vista, 
(3) 


Miniature Precision Bearings Inc., Precision 


Park, Keene, N. H. (1, 4) 


Minnesota Mining & Mfg. Co., Chemical Div., 
900 Bush Ave., St. Paul 13, Minn. (4) 


Minnesota Mining & Mfg. Co., Mica Insulator 
Div., 797 Broadway, Schenectady 1, N. 
(4) 


Moccasin Bushing Co., 2000 Chestnut S&t., 
Chattanooga 8, Tenn. (3, 4) 


Model Brass Co. Inc., 234 E. Decatur, De- 
eatur, Ill. (4) 


Modern Industrial Plastics, Div. of The Dur- 
iron Co. Inc., 3337 N. Dixie Drive, Dayton 
14, Ohio (3) 

Moldings & Extrusions Inc., Wauregan, Conn. 
(3) 

Mono Race Div., Thew Shovel Co., Lorain, 

Ohio (1) 


Morgan Construction Co., Morgoil Bearing 
Dept., 15 Belmont St., Worcester 5, Mass. 
(3) 


Morganite Inc., 33-02 48th Ave., Long Island 


City 1, N. Y. (3, 4) 
Moser Jewel Co., Fayette & Dorsey, Perth 
Amboy, N. J. (3) 


Mueller Brass Co., 1925 Lapeer Ave., Port 
Huron, Mich. (3, 4) 

Murray Plastics Co., 58 River Rd., New Ham- 

burg, N. Y. (3, 4) 


N 


Nassau Smelting & Refining Co. Inc., #1 Nas- 
sau Place, Tottenville, 8. I. 7, N. Y¥. (4) 


National Bearing Div., American Brake Shoe 
Co., 717 Grant Bidg., Pittsburgh 19, Pa. 
«G, 4 


National Bearings Co., Flory Mill Rd. & Man- 
heim Pike, Lancaster, Pa. (1, 4) 

National Beryllia Corp., 4501 Dell Ave., North 
Bergen, N. J. (3) 


National Bronze Mfg. Co., 
troit 7, Mich. (3) 


3558 Garfield, De- 


National Carbon Co., Div. of Union Carbide 
Corp., 270 Park Ave., New York 17, N. Y. 
«3, 4) 


National Molded Products Inc., 1942 Mill, St. 
Marys, Pa. (3) 


1961 Edition 


New Departure Div., General Motors Corp., 
Bristol, Conn. (1, 4) 


New Hampshire Ball Bearings Inc., Peter- 
borough 1, N. H. (1, 2) 

New Process Bronze Foundry Co., 1276 E. 

55th St., Cleveland 3, Ohio (3) 


Nice Ball Bearing Co., 30th & Hunting Park 
Ave., Philadelphia 40, Pa. (1, 4) 

Niles Corp., 50941 U. 8. #31, South Bend, 

Ind. (3, 4) 


Nolte Brass Foundry Co., 21 W. Jefferson St., 

Springfield, Ohio (3) 
Norma-Hoffmann Bearings Corp., Hamilton 
Ave., Stamford, Conn. (1, 2) 


North American Smelting Co., Car Mor Metal 
Co. Div., Marine Terminal, Wilmington 99, 
Del. 


Northfield 
Austin Bilvd., 


Norwalk Powdered Metals Inc., P. O. Box 
271, Muller Park, Norwalk, Conn. (3) 


Instrument Corp., 4400 
Island Park, L. I., N. Y¥. (3) 


141 8. Ave., Garwood, 


Nylon Molding Corp., 
N. J. (3) 

Nylon Products Corp., 
Clinton, Mass. (3) 


Stone & Plain Sts., 


Nyloncraft Inc., P. O. Box 2041, South Bend, 
Ind. (3) 


°o 


O & 8 Bearing & Mfg. Co., 777 W. Eight Mile 
Rd., Whitmore Lake, Mich. (3) 

Ohio Carbon Co., 12508 Berea Rd., 

11, Ohio (3, 4) 


Cleveland 


Oll-Less Bearings Inc., 13 Cypress St., Worces- 
3 


ter 8, Mass. (3) 


— Products Inc., 552 Mitchell St., Orange, 
N. J. (4) 


Orange Roller Bearing Co. Inc., 557 Main St., 
Orange, N. J. (1, 2, 4) 


Orrville Bronze & Aluminum Co., N. Main S8t., 
Orrville, Ohio (3, 4) 


Owosso Bronze Bearing Co., N. Sniawassee, 
Owosso, Mich. (3, 4) 


P 


PIC Design Corp., Subsidiary of Benrus Watch 
ee 477 Atlantic Ave., East Rockaway, 
-¥% G@® 


Palmer-Bee Co., 3002 Opdyke Rd., 
Hills, Mich. (2) 


Pancoast International Corp., 
New York 6, N. Y. (4) 


Bloomfield 

120-22 Liberty, 

Paramount Oilless ae Co., 99 Hope Ave., 
Worcester 3, Maas. ( 

a -Aetna Corp., Aetna Ball & Roller 

earing Co. Div., 4600 Schubert Ave., Chi- 

—— 39, Il. (1, 2, 4) 


Parts Mfg. Co. Inc, P. 0. Box 582, Green- 
field, Mass. (3) 


Pattern Castings Co., 3738 W. 143rd, Cleve- 
land, Ohio (4) 


Paulson Thomas & Son Inc., Union at Bond 
St., Brooklyn 31, N. Y. (3, 4) 


Peerless Alloy Co., 1445 Osage, Denver 4, 


Colo. (4) 
Pee-Wee Molding Corp., 1720 Atlantic Ave., 
Brooklyn, N. Y. (3) 


Penn Fibre & Specialty Co. Inc., 2032 E. 
Westmoreland St., Philadelphia 34, Pa. (3) 


Phillips Bronze Corp., 1460 E. Washington 
Bivd., Los Angeles, Gauit. (3, 4) 


Pioneer Motor Bearing Co., 116 Beacon 8&t., 
South San Francisco, Calif. (3) 


Pioneer Steel Ball Co. Inc., 29 Mill St., 
ville, Conn. (4) 


Union- 


a Smelting & Refining Co., Eliza- 
beth & Good Sts., Pittsburgh, Pa. (4) 


Plastics Engineering Co., 1607 Geele Ave., She- 
boygan, Wis. (4) 


Plastiglide Mfg. Corp., Pipco Industrial Parts 
Div., 1757 Stanford St., Santa Monica, Calif. 
(3, 4) 


The Polymer Corp., 2120 Fairmont Ave., Read- 
ing, Pa. (3, 4) 


E. L. Post & Co. Inc., 50 Cliff 8t., 
38, N. Y¥. (4) 


New York 


Powdercraft Corp., 750 Hayne St., Spartan- 


burg, 8. C. (3, 4) 
Power Mfg. Co., 829 W. Center, Marion, Ohio 
(3, 4) 


Precision Metal Products Co., P. O. Box 129, 
Clydesdale Ave., Ellwood City, Pa. (3) 


Price Metal Refining Co., Guinotte & Flora 
Sts., Kansas City, Mo. (4) 


Pure Carbon Co. Inc., 441 Hall Ave., St. 
Marys, Pa. (3, 4) 


Radial Bearings Corp., 123 Taylor St., Dan- 


bury, Conn. (3) 


Rampe Mfg. Co., 14915 Woodworth Ave., 
Cleveland 10, Ohio (3) 


Randall Graphite Bearings Inc., P. O. Box 
839, Greenlawn & Lake Sts., Lima, Ohio 
(3, 4) 


Raway Bearing Co., 141 M Chrysite St., New 
York 2, N. Y. (1, 3) 


Raybestos-Manhattan Ine., Manheim, Pa. (3, 4) 


Raybestos-Manhattan Inc., Packing Div., 92 
Townsend St., Passaic, N. J. (3) 


Rayco Ball Co., 250 BE. County Line Rd., Hat- 
boro, Pa. (4) 


Reese Metal Products Corp., 537 Howard Ave., 
Lancaster, Pa. (3) 


Reliable Casting Corp., Spring Grove Ave. & 
Elmira, Cincinnati 23, Ohio (4) 


Renewal Service Inc., Phila- 


delphia, Pa, (3, 4) 


The Richardson Co., 
Park, Ill. (3, 4) 


Resistofiex Corp., Woodland Rd., Roseland, 
. @ 


2720 N. 17th St., 


2795 Lake St., Melrose 
N. J. 


River Smelting & Refining Co., 4195 Bradley 
Rd., Cleveland 1, Ohio (4) 


Riverside-Alloy Metal Div., H. K. Porter Co. 
Inc., Riverside, N. J. (4) 
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Roberts Mfg. Inc., 1020 W. Elm, Salina, Kars 
a) 


Rocky Mountain Metals Inc., 3200 Century 
Ave., Colorado Springs, Colo. (3, 4) 


Rogers Corp., Rogers, Conn. (4) 


Roller Bearing Co. of America, Sullivan Way, 
West Trenton, N. J. (2, 3, 4) 


Roliway Bearing Co. Inc., 541 Seymour &t., 
Syracuse 4, N. Y. (2, 4) 


Rotometals, 980 Harrison S8t., San Francisco 


7, Calif, (4) 


Henry Rowe Mig. Cé 1954 Henry, Newaygo, 
Mich. (3) 

Royersford Foundry & Machine Co. Inc., 55 
Main St Royersford, Pa. (2, 3, 4) 


Ryder Brass Foundry Co BE. Irving & NYC 
Railway, Bucyrus, Ohio (3) 


Jos. T. Ryerson & Son Inc., 16 & Rockwell 
St., Chicago, Ill. (3, 4) 


$s 


SKF Industries Inc Front St. & Erie Ave., 
P. O. Box 6731, Philadelphia 32, Pa. (1, 2, 4) 


SKF Industries Inc., Reed Inetrument Bearing 
Div 4241 Redwood Ave., Los Angeles 66, 
Calif. (i) 


St. Louls Bearing Co., 333 East B, Wilming- 
toa, Calif. (3, 4) 


St. Marys Carbon Co., 1939 State Rd., St 
Marys, Pa. (3, 4) 


St. Regis Paper Co., Panelyte Div.. Enterprise 
Ave., Trenton 8, N. J. (3, 4) 


Sandusky Foundry & Machine Co., Market & 
Fulton St Sandusky, Ohio (3, 4) 


Sandy Hill Iron & Brass Works, 27 Allen St., 
Hudson Falls, N. Y. (3) 


The Schatz Mfg. Co., W. Broadway, Pough 
keepsie, N. Y. (1) 


I. Schumann & Co., 4391 Bradley, Cleveland, 
Ohio (4) 


Seully-Jones & Co., 1905 8. Rockwell St., Chi 
cago 8, Ill. (2) 


Seville Centrifugal Bronze Inc., 25 8S. Center 
St., Seville, Ohio (3) 


The Shenango Furnace Cx Centrifugally Cast 
Products Div Dover, Ohio (3, 4) 


The Shoop Bronze Co. Inc. 344-354 W. Sixth 
Ave., Tarentum, Pa. (3, 4) 


Sintered Metals Inc 3390 Washington St 
Boston 30, Mass. (3) 


Siack-Horner Brass Mfg. Co., Box 838, Long- 
mont, Colo. (3, 4) 


Solon Industries Inc 6370 SOM Center Rd., 
Soion 39, Ohio (3, 4) 


Southwest Products Co 1705 8S. Mountain 
Ave.. Monrovia, Calif. (3) 


Spadone-Alfa Corp Old Boston Post Rd 
South Norwalk, Conn. (3, 4) 


Spaulding Fibre Co. Inc 310 Wheeler, Tona- 
wanda, N. Y. (3, 4) 


Sparta Mfg. Co., Dover, Ohio (3, 4) 


Spaulding Metals Co. Inc., 109 Baker St., In 
dustrial Park, East Syracuse, N. Y. (4) 
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Speer Carbon Co., 


Miniature Precision 
H 


O. Box 448, Springfield 12, 


Springfield Moulders Inc., Palmer Rd., Monson, 
Stackpole Carbon Co., 
Standard Brass Works, 1810 W. St. 


& Lockwasher Inc., 


Stelrema Corp., Box 1756, Gary 9, Ind. 


Stephens-Adamson Mfg. 


Stevenson Co. Inc., 452 Clearview 
. Trevose Hts., Pa. (1, 4) 


Superior Kendrick Bearings Inc., 312 8. Craw- 
4 


Superior Steel Ball Corp. of Indiana, Washing- 


Swiss American Jewel-Bearings Co., 
) 


Park 8t., Sykesville, 


Bronze & Brass Foundry, Terre 
Engineering Corp., 
Thomson Industries Inc., Dept. 10, Manhasset, 
Roller Bearing Co., 


P. O. Box 118, Torring- 


Bantam Bearings Div., 


Triangle Mfg. Co., 


284 8. Summit Ave., 


Minneapolis 13, Minn 


Tyson Bearing Co., Div. of SKF Industries 
Inc., Massillon, Ohio (2) 


U 


Union Carbide Plastics Co., Div. Union Carbide 
Corp., 270 Park Ave., New York 17, N. Y. 
(4) 


United American Metals—Eastern Div., 970 
Meeker Ave., Brooklyn 22, N. Y¥. (4) 


United Plastics Industries Inc., 52 Brown, Vas- 
sar, Mich. (3) 

The United States Graphite Co., Div. of The 
Wickes Corp., 1621 Holland Ave., Saginaw, 
Mich. (3) 


Universal Ball Co., Willow Grove (Mont- 
gomery County), Pa. (4) 


Vv 


Vallorbs Jewel Co., 59 Lancaster Rd., Lancas- 
ter, Pa. (3) 


Vascoloy-Ramet Corp., 800 Market St., Wau- 
kegan, Ill. (3, 4) 


Ww 


8S. Highway 131 &., 


W-L Molding Co., 8214 U. 
Kalamazoo, Mich. (3, 4) 


E. R. Wagner Mfg. Co., 4611 N. 32nd St., 
Milwaukee 9, Wis. (1, 3) 


Wakefield Bearing Co., 29 Foundry St., Wake- 
field, Mass. (3, 4) 


Waterbury Steel Ball Co., W. Broadway, 
Poughkeepsie, N. Y. (4) 


Waterloo Wood Bearing Co., P. O. Box 67, 
Cedar Falls, Iowa (3) 


Waukesha Bearings Corp., Commerce & Pearl 
Sts., Waukesha, Wis. (3) 


Werner Mfg. Co., 4444 First Ave., Brookfield, 
Ill. (4) 


Weslok Corp., 182 W. Holt Ave., Milwaukee 
7, Wis. (4) 


Western Brass Works, 1440 N. Spring, Los 
Angeles 12, Calif. (3, 4) 


Westinghouse Electric Corp., Micarta Div., 
Hampton, 8. C. (3, 4) 


Wheeler Service Inc., 155 Brookline, Cam- 
bridge, Mass. (3, 4) 


Whittet-Higgins Co., P. O. Box 1613, Provi- 
dence 1, R. I. (4) 


E. A. William & Son, 325 Washington Ave., 
Caristadt, N. J. (3, 4) 


Wilmington Fibre Specialty Co., 650 Washing- 
ton, New Castle, Del. (4) 


Winsted Precision Ball Co., 249 Rockwell St., 
Winsted, Conn. (4) 


Wisconsin Centrifugal Foundry Inc., 905 E. St. 
Paul Ave., Waukesha, Wis. (3, 4) 


T. B. Wood's Sons Co., 1200 Fifth Ave., 
Chambersburg, Pa. (1) 


John Worley Jewel Co., North Falmouth, Mass. 
«3, 4) 


z 


Zubler Bearing Corp., 204 Osborn St., Phila- 
delphia 28, Pa. (1, 2, 4) 
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“a 


A.B.C. (American Ball Bearing Co.) 


A-B-K (American Brake Shoe Co., American 
Brakeblok Div.) 


Aetna (Parkersburg-Aetna Corp., Aetna Ball 
& Roller Bearing Div.) 


Alaska (Empire Meta! Co.) 


Alinabal (Split Ball Bearing Div., Miniature 
Precision Bearings Inc.) 


All Steel (Dodge Mfg. Corp.) 


American Bronze Bar (Orrville Bronze & Alu- 
minum Co.) 


Ampco (Ampco Metal Inc.) 
Ampcoloy (Ampco Meta! Inc.) 


Armor-Gard Seal (New Departure Div., 
eral Motors Corp.) 


Atlas (SKF Industries Inc.) 


Autolube (International Powder Metallurgy Co.) 


BCI (Belding Cortecelli Industries, Chemical 
Div.) 


BJ (Byron Jackson Tools Inc.) 

BSC (Bearing Service Co.) 

Ball Bushings (Thomson Industries Inc.) 
Bantam (The Torrington Co.) 

Barden Precision (The Barden Corp.) 
Bearhug (Whittet-Higgins Co.) 

Bearium (Pattern Castings Co.) 

Bearium Metal (Bearium Metals Corp.) 
Bear-N-Bronz (Boston Gear Works) 
Bemalloy (Buckeye Brass & Mfg. Co.) 
Bohnalite (Bohn Aluminum & Brass Corp.) 
Bost-Bronz (Boston Gear Works) 
Bronzoll (Dodge Mfg. Corp.) 

Buckeye (Buckeye Brass & Mfg. Co.) 


Byplex (Byron Jackson Tools Inc.) 


Cagerol (McGill Mfg. Co.) 
Camet (Chicago Powdered Meta! Products Co.) 
Camrol (McGill Mfg. Co.) 


Carbolon (Carbone Corp.) 


1961 Edition 


Carbolube (Carbone Corp.) 
Ceco (Columbiana Engineering Co.) 


Celoron (Continental Diamond Fibre, Subsidi- 
ary of The Budd Co.) 


Centrap (Browning Mfg. Co.) 

Century (Twentieth Century Brass Works Inc.) 
Champion (Pittsburgh Smelting & Refining Co.) 
Chemalloy (Chemalloy Electronics Corp.) 
Chemloy (Crane Packing Co.) 


Chromatube (Merriman Bros. Inc., Lubrite 


Div.) 
Clevebloc (Clevite Harris Products Inc.) 
Clevesieeve (Clevite Harris Products Inc.) 


Clevite (Cleveland Graphite Bronze, Div. of 
Clevite Corp.) 


Climax (Climax Metal Products) 


Cyclops (Roller Bearing Co. of America) 


Dale (Dale Bearings Inc.) 
Deep Well (Randall Graphite Bearings Inc.) 


Delrin (E. I. DuPont de Nemours & Co. Inc., 
Polychemicals Dept.) 


Diamonite (Diamonite Products Mfg. Co., U. 8. 
Ceramic Tile Co.) 


Double Interlock (Dodge Mfg. Corp.) 
Dubi-Du-T Motor (E. L. Post & Co. Inc.) 
Ductoloy (National Molded Products Inc.) 


Electric (Empire Metal Co.) 
Emeco Premier (Empire Metal Co.) 


Extra (Empire Metal Co.) 


7 
Fabrylon (O & 8 Bearing & Mfg. Co.) 
Fafnir (The Fafnir Bearing Co.) 
Filmoseal (Landis & Gyr Inc.) 
Flangette (The Fafnir Bearing Co.) 
Floed City (Flood City Brass & Electric Co.) 
Fluorofilex-T (Resistoflex Corp.) 
Fluorogreen E-110 (John L. Dore Co.) 
Fluorosint (The Polymer Corp.) 


Fobert (P. J. Fobert & Co.) 


Fosta Nylon (Foster-Grant Co. Inc., Petro- 


chemical Div.) 


Franklin Fibre (Franklin Fibre-Lamitex Corp.) 


G 


Gatke (Gatke Corp.) 


Gramix (The United States Graphite Co., Div. 
of The Wickes Corp.) 


Graphalloy (Graphite Metallizing Corp.) 
Graphex (Wakefield Bearing Co.) 


Graphitar (The United States Graphite Co., 
Div. of The Wickes Corp.) 


Graphitex (Gatke Corp.) 

Graphion (Graphite Metallizing Corp.) 
Green (The Green Ball Bearing Co.) 
Guiderol (McGill Mfg. Co.) 


Hard Genuine (Empire Metal Co.) 


Hastelloy (Haynes Stellite Co., Div. of Union 
Carbide Corp.) 


Haynes Stellite (Haynes Stellite Co., Div. of 
Union Carbide Corp.) 


Heim (The Heim Co.) 
Hoover Honed (Hoover Ball & Bearing Co.) 


Hyatt (General Motors Corp., Hyatt Bearings 
iv.) 


Hydrotex (Gatke Corp.) 
Hyfiim (Tann Corp.) 


Hy-Roli (General Motors Corp., Hyatt Bear- 
ings Div.) 


ITI (Industrial Tectonics Inc., Bearing Div.) 
Imperial (Empire Metal Co.) 
Insurok (The Richardson Co.) 


J 


dJergens (Donley Products Inc., Jergens Div.) 


Johnson Bearings (Johnson Bronze Co.) 


K 
Karak (Ohio Carbon Co.) 
Kaydon (The Kaydon Engineering Corp.) 
Kelly Metal (Los Angeles Smelting Co.) 
Kelmet (Los Angeles Smelting Co.) 


Kennebronze (J. F. Hodgkins Co.) 














Kingaley (Bumgardner & Co.) 
Keye (American Koyo Corp.) 
Kwikiube (Kwikset Powdered Metal Products) 


Kwikset (Kwikset Powdered Metal Products) 


L 


Labri-Seal (Marlin-Rockwell Corp.) 
Lamina-Bronze (Lamina Dies & Tools Inc.) 
Lamitex (Franklin Fibre-Lamitex Corp.) 
Lazy Susan (Triangle Mfg. Co.) 
Link-Belt (Link-Belt Co.) 
Lectite (American Sealants Co.) 
Long Life (Lignum-Vitae Products Corp.) 
Lubrice (Buckeye Brass & Mfg. Co.) 
Labrite (Merriman Bros. Inc., Lubrite Div.) 
Labritex (Gatke Corp.) 

M 
Magnolia Isotropic (Magnolia Metal Co. Inc.) 
Matchiess (Empire Meta! Co.) 
MeGW (McGill Mfg. Co.) 
Mechani-Seal (The Fafnir Bearing Co.) 
Metaline (Spadone-Alfa Corp.) 
Metagar Nyle (Metzgar Conveyor Co.) 


Micrespin (Northfield Precision Instrument 
) 


Moceasin (Moccasin Bushing Co.) 


Moccasin Oill-Distriouting (Moccasin Bushing 
Co.) 


Monmouth (Cleveland Graphite Bronze, Div. of 
Clevite Corp.) 


Mone-Race (Mono Race Div., Thew Shovel Co.) 


Morgeli (Morgan Construction Co., Morgoil 


Bearing Dept.) 
Moter Marine (BE. L. Post & Co. Inc.) 


Multirel (McGill Mfg. Co.) 


N 


ND New Departure Div 


Corp.) 


General Motors 


National (National Bearings Co.) 


National (National Carbon Co Div. of Union 
Carbide Corp.) 


National (National Moided Products Inc.) 
Neveroll (0 & S&S Bearing & Mfg. Co.) 


New Departure (New Departure Div General 


Motors Corp.) 
Nonpareil (Theodore Hiertz Metal Co.) 
Norma (Norma-Hoffman Bearings Corp.) 
Norma-F’ag (Norma-Hoffman Bearings Corp.) 


Norma-Hoffman (Norma 
Corp.) 


Hoffman Bearings 


Ny Carbeolon (Carbone Corp.) 
Nyltasint (The Polymer Corp.) 


Nylatrongs (The Polymer Corp.) 
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Nylined (Thomson Industries Inc.) 


fe) 


Ohmoid (Wilmington Fibre Specialty Co.) 
Ollite (Chrysler Corp., Amplex Div.) 


P 


PB (Byron Jackson Tools Inc.) 


PIC (PIC Design Corp., Subsidiary of Benrus 
Watch Co. Inc.) 


Paco (Peerless Alloy Co.) 

Panelyte (St. Regis Paper Co., Panelyte Div.) 
Phenoilic (0 & 8 Bearing & Mfg. Co.) 
Pitehlign (Roller Bearing Co. of America) 
Plenco (Plastics Engineering Co.) 

Piya-Seal (The Fafnir Bearing Co.) 
Polypenco (The Polymer Corp.) 

Portermade (Chambersburg Lumber Co.) 
Powdereraft (Powdercraft Corp.) 

Powdermet (American Powdered Metals Inc.) 
Premier (Buckeye Brass & Mfg. Co.) 

Purebon (Pure Carbon Co.) 


R.B.C. (Roller Bearing Co. of America) 

RMB (Landis & Gyr Inc.) 

Radialube (Merriman Bros. Inc., Lubrite Div.) 
Reali-Slim (The Kaydon Engineering Corp.) 


Reed (SKF Industries Inc., Reed Instrument 
Bearing Div.) 


Riverside (Riverside-Alloy Metal Div., H. K. 
Porter Co. Inc.) 


Rock Crusher (Empire Metal Co.) 
Rel-Man (Manganese Steel Forge Co.) 
Rotanium (Rotometals) 

Rote Diesel (Rotometals) 

Rote Nickel (Rotometals) 


Royersford (Royersford Foundry & Machine 
Co. Inc.) 


Rubberfiex (Bushings Inc., Royal Oak, Mich.) 


Rulon (Dixon Corp.) 


s 


SC (Dodge Mfg. Corp.) 
SCM (Dodge Mfg. Corp.) 
SKF (SKF Industries Inc.) 
SL (Dodge Mfg. Corp.) 


Sealmaster (Stephens-Adamson Mfg. Co., Seal- 
master Div.) 


Sealoloy (National Molded Products Inc.) 
Selfiube (Keystone Carbon Co.) 
Sells (Royersford Foundry & Machine Co. Inc.) 


Sentri-Seal (New Departure Div., General Mo- 


tors Corp.) 


Shafer (Chain Belt Co., Shafer Bearing Div.) 


Shear-Ball (Mono Race Div., Thew Shovel 
Div.) 


Silentbloe (Clevite Harris Products Inc.) 
Stlent-Lign (Bushings Inc.) 
Sintriey (National Molded Products Inc.) 


Sleevell (Dodge Mfg. Corp.) 
Smith (Accurate Bushing Co., Smith Bearing 
Div.) 


Smith-Align (Accurate Bushing Co., Smith 
Bearing Div.) 


Smith Nobak (Ann Arbor Bearing & Mfg. Co.) 
Special Duty (Dodge Mfg. Corp.) 
Spher-Alicn (Dodge Mfg. Corp.) 


Spheree (Stephens-Adamson Mfg. Co., Seal- 
master Div.) 


Stucki Side Bearings (A. Stucki Co.) 
Sturdico (W-L, Molding Co.) 

Super Max (Hoover Ball & Bearing Co.) 
Supertor (Superior Kendrick Bearings Inc.) 


Supersten (National Bearing Div., American 
Brake Shoe Co.) 


Synthane (Synthane Corp.) 
Synathe-Seal (Marlin-Rockwell Corp.) 


T 
Te-Carbolon (Carbone Corp.) 


Tefion (E. I. DuPont de Nemours & Co. Inc., 
Polychemicals Dept.) 


Textolite (General Electric Co., Laminated 
Products Dept.) 


Thin-Shell (The Kaydon Engineering Corp.) 
Torrington (The Torrington Co.) 

Triumph (Empire Meta! Co.) 

Turbine (Pittsburgh Smelting & Refining Co.) 
Tychoway (Scully-Jones & Co.) 

Tyson (SKF Industries Inc.) 


U 


Unibal (The Heim Co.) 


Vv 


Versa Twin (Hartford Steel Bali Co.) 


Ww 
Weld-Tite (American Metal Bearing Co.) 
Western (Western Brass Works) 
Wireloc (The Yafnir Bearing Co.) 
Woodex (Wakefield Bearing Co.) 


z 


Zero (E. L Post & Co. Inc.) 


Zytel (E. I. DuPont de Nemours & Co. Inc., 
Polychemicals Dept.) 


20th Century (Roller Bearing Co. of America) 


60 Case (Thomson Industries Inc.) 
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Additives, oll and grease, 26 
Antifriction bearings, 32 


Babbitt, 97 
Ball bearings, 40 
Ball thrust bearings, 42 
Bearing characteristic number, 85 
Bearing clearance ratio, 85 
Bearing design analysis, 84 
Bearing clearances, 65, 126 
Bearing environment, 34 
Bearing housings, 73 
Bearing instability, § 
Bearing length, 87 
Bearing life, 60 
Bearing life-load relationship, 58 
Bearing loading, 6, 13, 33 
Bearing loads, design examples, 17-20 
Bearing lubrication, 8 
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alloys, 98 
babbitts, 96 
carbon-graphite, 102 
ceramets and ceramics, 103 
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plastics, 101, 125 
porous metals, 100 
rubber, 103 
Bearing mounting, 62 
Bearing oil-feed, 88 
Bearing oil grooves, 117 
cast bearings, 108 
bushings, 114 
journal bearings, 82 
Bearing oscillation, 8 
Bearing properties, 95 
Bearing reaction, 13 
Bearing retention, 67, 71 
Bearing size selection, 57 
Bearing skidding and skewing, 8 
Bearing speed, § 
Bearing standardization, 34 
Bearing types, 4, 31 
Belt drives, 18 
Boron nitride lubricant, 28 
Boundary-lubricated bearings, 6 
Boundary lubrication, 85 
Bushings, 112 
groove patterns, 114 
tolerances, 116 
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Cast bearings, 104 
graphited-bronze, 111 
groove design, 108 
half-bearings, 111 
installation, 106 
size selection, 104 
surface finish, 107 
Chain drives, 18 
Characteristic number, bearing, 85 
Clearance equations, bearing, 65 
Clearance ratio, bearing, 85 
Clearance values, 86 
Clearances, plastic bearings, 126 
Conrad ball bearings, 41 
Corrosion, 
Cost, 11 
Cylindrical roller bearings, 48 


Deep groove ball bearings, 41 
Dirt, 9 

Dispersions, grease and liquid, 30 
Drip-feed lubrication, 82 

Dry bearings, 6 

Dry-film bearings, 6 

Dry-film lubricant, 27 

Dynamic capacity, 59 

Dynamic forces, bearing loads, 17 


Eccentricity ratio, journal, 87 
Externally pressurized bearings, 10 
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Flange bearings, powder-metal, 120 
Flood lubrication, 83 

Filuid-film bearings, 5 

Forced-feed lubrication, 90 

Fractured outer ring ball bearings, 41 
Friction, 10 

Full-film lubrication, 84 
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Gear drives, 18-20 


Grease lubrication, 83 

Grooves, bearing oil, 117 
cast bearings, 108 
bushings, 114 


Heavily loaded bearings, 76, 90 
High-speed bearings, 92 
Housings, bearing, 62, 73 
Hydrodynamic lubrication, 75 
Hydrostatic lubrication, 94 


Impact loads, 7 
Instability, bearing, 8 
Integral bearings, 46 


Joints, bushing, 114 
Journal bearings, 84 
(See also sleeve bearings) 
eccentricity ratio, 87 
Plastic, 125 
selection of, 75 
Journal roller bearings, 49 
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Lead oxide lubricant, 28 
Linear ball bushings, 46 
Linear motion roller bearings, 56 
Loading bearing, 6 
Lubricants (see specific type) 
dry-film, 27 
oils and greases, 21 
solid, 27 
Lubrication, 8, 11 
complete boundary, 85 
forced-feed, 90 
full-film, 84 
hydrodynamic, 75 
hydrostatic, 94 
methods, 82 
mixed-film, 85 
mixed-friction, 6 


Machinery bearings, 57 
Materials, bearing, 95 
Mixed-film lubrication, 85 
Mixed-friction lubrication, 6 
Mountings, bearing 
multiple-bearing design, 73 
single bearing design, 69 
two-bearing design, 70 


Needle roller bearings, 49 
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oil 

additives, 26 

viscosity index, 22 
Oll-feed, bearing, 83, 88 
Oll-film temperature, 89 
Oil grooves 

(see bearing oil grooves) 
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Pillow blocks, 55 
Pivot-type ball bearings, 45 
Pivoted shoe bearings, 78 
Plain bearings, 4, 75 
(see also sleeve and journal! bearings) 
Plastic bearings, 6, 125 
friction and wear, 127 
material selection, 126 
Plastic lubricant, 27 
Powder-metal bearings, 119 
dimensional tolerances, 121 
impregnation of, 123 
lubrication of, 124 
thermal effects, 123 
Power requirements, sleeve bearing, 88 
Pressurized bearings, 10, 82 
Pulley drives, 18 
PV factor, 126 


Radial ball bearings, 41 
Reciprocating load bearings, 76 
Reciprocating loads, 7 

Roller bearings, 47 

Roller thrust bearings, 53 
Rolling-contact bearings, 4 
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Self-aligning bearings 
ball, 
roller, 52 
Self-lubricated bearings, 10 
Shafts, 74 
tolerances, 62 
Shock-loaded bearings, 91 
Sleeve bearings 
(see also plain & journal bearing) 
operation, 84 
power requirements, 88 
powder-metal, 120 
Solid lubricant, 27 
Space requirements, 11 
Split bearings, 116 
Split roller bearings, 49 
Standards, 129-131 
Static loads, 60 
Strip bearings, 112, 125 
Synthetic oils, 24 
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Tapered roller bearings, 51 
Teflon lubricant, 27 
Temperature, oil-film, 89 
Thermopiastic bearings 
(see plastic bearings) 
Thin-film theory, 28 
Thin-wall bearings, 112 
Thrust bearings, 115 
ball, 42 
plastic, 125 
powder-metal, 120 
roller, 53 
types, 81 
Thrust washers, 115 
Tolerance standards, 36 
Tolerances 
bushing, 116 
housing bore, 62 
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Ventilation factors, 89 
Viscosity index, oil, 22 
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Washers, thrust, 115 
Wheel bearings, 57 
Wick oiling, 82 
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X-type roller bearings, 55 
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Detailed data sheets to aid in proper selection and application 


One serious problem with most of the existing lit- 
erature about ferrous metals is that information on 
each metal is scattered. It is difficult to collect all 
necessary data for one metal or related groups of met- 
ils. But most designers want their information on 
similar metals in a single package. This book is or- 
ganized so that all the characteristics of one metal are 
in one place, and different alloys can be compared 
quickly and easily 


This book contains 30 data sheets. Each data sheet 
contains all the mechanical, physical and fabrication 
characteristics for a small group of similar alloys. The 
most commonly used types of metals are covered— 
almost 150 different kinds. The first five data sheets 
cover cast irons and cast steels; the following twelve 
cover common wrought steels. Then, six data sheets 
are devoted to cast corrosion and heat-resistant steels, 
followed by eight data sheets covering stainless steels. 
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Gray Irons (Cast) 
Types 20, 25, 30, 35, 40, 50 and 60 


Ductile Irons (Cast) 
Types 80-60-03, 60-45-10, 120-90-02 and 
100-70-03 


Malleable Irons (Cast) 
Types 32510, 35018 and pearlitic 


Carbon Steels (Cast) 
Types NI, N2, U-60-30, 60-30, 65-35, 70-36, 
80-40, 80-50, WCA and WCB 


Low-Alloy Steels (Cast) 
Types 90-60, 105-85, 120-95, 150-125, 175- 
145, WC1, WC4, WCS, WC6, WC9, CS, C12, 
LCB, LCI, LC2 ana iC3 


Plain Carbon Steels (Wrought). . . . 


Types 1010 and 1015 


Plain Carbon Steels (Wrought). . . . 


Types 1020 and 1025 


Plain Carbon Steels (Wrought). . . . 


Types 1030 and 1035 


Plain Carbon Steels (Wrought). . . . 


Types 1040 and 1045 
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Types 1050, 1055 and 1060 
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Heat Resistant Steels (Cast) 
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Heat Resistant Steels (Cast) 
Types HT, HU, HW and HX 
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Types 201, 202 
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Gray Iron 


ASTM Specification A48 





Data applies to all types unless noted 
Values are typical unless noted 


ASTM Class Total C Si P S Mn Carbon Equivalent! 
20 3.10-3.80 2.20-2.60 0.20-0.80 .08-0.80 0.50-0.80 3.98-4.56 
3.00-3.50 | .90-2.40 0.15-0.40 0.08-0.13 0.50-0.80 3.82-4 20 
2 90-3.40 1.70-2.3 0.15-0.30 0.08-0.12 0.45-0.80 3.68-4.03 


analyses F 3 2.80-3.30 ; 


75-3.20 | 0-2.21) 0.07-0 25 0.05-0.12 0.45-0.70 3.42-3.77 


0.10-0.30 0 08-0.12 0.45-0.70 3.54-3.90 
9 55-3.10 1.40-! 0.07-0.20 0.06-0.12 0.50-6.80 3.20-3 62 


2 30-3.00 1.20-2.20 0.05-0.20 0.05-0.12 0.50-1.90 3,09-3.51 


‘Carbon equivalent calculated as per cent total carbon plus '4 (per cent Si plus per cent P) 


Physical Properties Compressive Strength (psi) 


Modulus of Elasticity Property ranges tama 83,000 
97,000 


in Tension (psi) 
Property ranges (9.4-14.0) x 10° : 109,000 
(11.5-14.8) x 10° 124,000 
140,000 


(13.0-16.4) x 10® ' 
(14.5-17.2) x 10® 164,000 
187,000 


(16.0-20.0) x 10° 
(18 8-22.8) x 10° 
(20.4-23.5) x 10® 
Modulus of Elasticity Torsional Shear Strength (psi) 
in Torsion (psi 
(3.9-5.6) x 10° Property ranges 26,000 
(4.6-6.0) x 10° : 32.000 
(5.2-6.6) x 10° ‘ 40,000 
(5.8-6.9) x 10® 35 48,500 
(6.4-7.8) x 10® 57,000 
(7.2-8.0) x 10® 73,000 
(7.8-8.5) x 10° 88,500 
0.25-0.28 Property ranges 10,000 
1 athe 11,500 
Electrical Resistivity 50-20% 14.000 
16,000 
Specific Heat (Btu/Il Approx 0.13 18,500 
Thermal Conductivity 21,500 
Btu/hr/sq ft/deg F) 24-34 24,500 


Property ranges 


Density b per « 


microhm-cn 


Mean Coefficient of Thermal 
“eines ner des F) rox 6 x 10-8 
Expansion (per deg I Approx 6x 10 Transverse Strength (Ib) 
Meiting Point (deg F) 2100-2450 ; 
1.2 in. diam bar, 18 in. span 
Property ranges 


(U-0.4 


Specific Gravity 
Magnetic Properties ‘mporary magnet 


Elastic Ratio (per cent 
In tension 
In compression 1-10 


, 
x) 


Mechanical Properties 


Tensile Strength (psi) Hardness Number 


22 00K Property ranges 
26.1 ya) 
$1,000 
36,500 
42.500 
52,500 
62,51 WD 


Property ranges 
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Heat Treatment 


Heat treatment is not ordinarily used to increase the 
strength of gray iron castings, because the strength of the as- 
cast metal can be increased at less cost by reducing the 
silicon and total carbon contents or by adding alloying ele- 
ments. Gray iron is easily quenched and tempered to in- 
crease the resistance to wear and abrasion by increasing the 
hardness. A structure consisting of graphite embedded in 
hard martensitic matrix is produced by heat treatment. This 
process can replace the white iron surface usually produced 
by chilling, and can replace alloy irons in many applications 
with possible saving in cost. it can be applied where chilling 
is not feasible, as with complicated shapes or large castings, 
or where close tolerances that can be attained only by ma- 
chining are required. Heat treatment extends the field of 
application of gray iron as an engineering material. 

The hardness of quenched and tempered gray iron, meas- 
ured with either a Brinell or Rockwell C test, is an integra- 
tion or the resultant of the hardness of the metal matrix 
and the graphite. The hardness of the matrix itself, meas- 
ured with a micro hardness test, is generally from 8 to 10 
points harder on the Rockwell C scale than the hardness 
indicated by the conventional Rockwell C test. The com- 
bination of high matrix hardness and graphite as a lubricant 
results in a surface with good wear resistance for some ap- 
plications, such as farm implements gears, sprockets, diesel 
cylinder liners, and automotive cam shafts. 

Dimensional change resulting from hardening gray iron is 
quite uniform and predictable if the prior structure and com- 
position are uniform. Such dimensional changes can be al- 
lowed for in machining before heat treatment. 

Complex shapes or nonuniform sections may distort as a 
result of relief of residual casting stresses or differential rates 
of cooling and hardening during quenching, or both. The 
former conditions can be minimized by stress relieving at 
1050 to 1100 F before machining. The latter can be mini- 
mized by either marquenching or offtempering. 

In parts where only local areas need to be hard, conven- 
tional induction hardening, or flame hardening may be used. 
For flame hardening, it is generally desirable to alloy the iron 
with small amounts of either chromium or molybdenum to 
stabilize the iron carbide and thus prevent graphitization 
from occurring. 

Water may be used as a quenching medium where the 
depth of hardening is shallow and where the part is being 
progressively heated and quenched. When only small areas 
are being hardened, the parts may be dropped into an oil 


quench 


Characteristics 


Gray irons are usually classed according to their ultimate 
tensile strength in a range from 20,000 to 60,000 psi mini- 
mum. Though primarily for structural purposes, gray iron 
is used in a large number of application involving moderate 
corrosion, heat or wear resistance. A simple and convenient 
classification of the gray iron relates the various types in 
terms of tensile strength. Thus a class 20 gray iron denotes 
a minimum tensile strength of 20,000 psi, and a class 60 
denotes a minimum tensile strength of 60,000 psi. However, 
in many applications, strength is not the major criterion for 
the choice of grade. For example, in parts such as clutch 
plates and brake drums, where resistance to heat checking is 
important, the lower grades have performance advantages. 
Similarly, in heat-shocked applications, such as ingot or pig 
molds, a class 60 iron would fail quickly, whereas good per- 
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formance is shown by a class 25 iron. In machine tools and 
other parts subject to vibration, a better damping capacity 
at the lower tensile irons may be advantageous. 

Alloys such as nickel, chromium, molybdenum, and vana- 
dium may be added to develop or enhance the desired proper- 
ties. The alloy content may be specified for castings in heat 
or corrosion resisting applications, since these properties are 
difficult to establish other than by actual use. 

Unalloyed gray iron has a hardening ability about equal 
to that of low-alloy steel of similar matrix carbon content. 
The hardening ability can be measured with the standard 
end-quenched hardening ability test employed for steels. 
The hardening ability of cast iron is increased by the addi- 
tion of chromium, molybdenum, or nickel. Gray iron can 
be made air hardenable by addition of the proper amounts 
of these elements. 

Mechanical property values obtained from test bars are 
sometimes the only available guide to the actual mechanical 
properties of the metal in production castings. When test 
bars and castings are both poured from the same metal and 
subsequent case histories are nearly identical, the strength 
of test bars does give the general indication of the strength 
of the metal in the castings. However, test bar results can- 
not be assumed to represent accurately the properties of 
each cubic inch of metal in the castings. Tension and 
transfer tests on bars cast for these purposes are the most 
common for evaluating the strength of gray irons. 

Yield strength, elongation and reduction of area are seldom 
determined in the standard tension test of cast iron. The 
transverse test measures strength in bending and has the ad- 
ditional advantage that a deflection value may be obtained 
readily. Data usually can be obtained faster from the trans- 
verse test than from the tension test because machining of 
the specimen is unnecessary. Also, centralized shrinkage, 
which may occur in the usual cylindrical test bar, does not 
affect a transverse test significantly. The surface condition 
of the bar will affect the transverse test, but not the tension 
test made on a machine specimen. Hardness tests, on either 
test bars or castings are used as an approximate measure of 
strength and sometimes as an inverse indication of machin- 
ability. 


Applications 


The applications of gray iron castings are innumerable. 
It is the least expensive of all cast metals and can be used 
in almost any application where the mechanical and physical 
properties of a particular class of gray iron are adequate. 

Gray iron has been used extensively for common items 
such as kitchen sinks, bath tubs, typewriter and cash register 
frames, refrigerators and air conditioner compressors, agricul- 
tural and construction equipment, electric motor frames, 
machine tools, machinery, equipment for street and high- 
way utilities, and automobile parts such as cylinder blocks, 
heads, pistons and rings, manifolds, brake drums, clutch 
plates, and crankshafts. 

In many applications, any grade between class 30 to 60 
may be safely specified, and actual selection is dependent 
primarily on cost analysis. 


Fabrication 


Castability 


Limitations attending successful production of a gray iron 
casting involve interrelations among fluidity of the metal, 
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section thicknesses in relation to each other in the casting, 
and section sensitivity as it may affect machinability. The 
ease with which the liquid metal will contin e to flow in a 
mold depends upon its analysis and the pouring temperature. 
Molten gray iron is very fluid and can reaiily be poured 
into thin sections or complex castings of ever large size. 
[he amount of solidification shrinkage differs considerably 
with various casting alloys. Gray cast iron ‘sas, in general, 
less shrinkage than other casting alloys, since the unique 
precipitation of lightweight graphite during solidification 
offsets part of the shrinkage that would otherwise be evident. 
Class 20 and 25 irons contain sufficient graphite so that 
there is often virtually no solidification shrinkage. The 
higher classes have one-half to two-thirds the solidification 
shrinkage of any ferrous alloys. 


Machinability 


The machinability of most gray iron castings is superior 
to that of virtually all steel because of the graphite. Dis- 
continuities in the matrix occupied by the graphite break 
up the chips, and the graphite serves as a lubricant. 

Machinability is an arbitrary measure of the relative ease 
of cutting a metal. One standard of comparison is a free- 


cutting grade of screw-machine steel. With this as 100 per 
cent, the machinability of cast irons will range from less 
than 50 per cent to over 125 per cent. The critical variable 
in these tests is the need for testing each material under the 
conditions to be used in production. For example, it is not 
satisfactory to use the machinability index from a drilling 
test as a measure of the cutting rate on a milling machine. 

In general, gray iron in the as-cast condition has good 
machinability, but when annealed, machinability equals or 
excels that of any other ferrous material, and approaches 
the machinability of yellow brass. 


Weldability 


Welding of gray iron castings is generally restricted to 
repair operations of castings which failed in service or to 
correct imperfections in new castings produced in the found- 
ry. The flexibility inherent in the casting process, combined 
with the ready castability and ultimate economy peculiar 
to gray iron, very often renders a single integral gray iron 
casting preferable to a weldment. However, some improved 
older processes, as well as newer procedures, notably braze 
welding with bronze and nickel filler metal and brazing with 
silver alloys, are frequently used in fabrication. 
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Ductile lron 





ASTM Specifications A339 and A396 


Data applies io all unless noted. 
Values are typical noted. 


Type Total C i Mg 


60-45-10 3.4-4.0 
analyses > :-60-0 33-38 
10-70-03 3.43.8 
120-90-02 3.4-3.8 


Physical Properties 


Modulus of Elasticity in 
Tension (psi) (22-25) x 108 


Density (Ib per cu in.) 


Electrical Resistivity 


Thermal Conductivity 
(Btu/hr/sq ft/ft/deg F) 


Mean Coefficient of Thermal 
Expansion (per deg F) 


Approximate Melting Point 


Mechanical Properties 


Tensile Strength (psi) 


Property ranges y 
80,000- 100,000 
100,000-120,000 
120,000-150,000 
Yield Strength (psi) 


Offset = 0.2 per cent 

Property ranges 45,000-60,000 
60,100-75,000 
70,000-90,000 
90,000- 125,000 

Elongation in 2 Inches (per cent) 


10-25 
3-10 
3-10 
2-7 
Hardness Number 
Property ranges 140-200 
200-270 
240-300 
270-350 
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0.02-0.07 
0.02-0.07 
0.02-0.07 
0.02-0.07 


Impact Strength—Charpy Unnotched (ft-lb) 

Property ranges 60-115 (60-45-10) 
15-65 (80-60-03) 
35-50  (100-70-03) 
25-40 (1120-90-02) 


Heat Treatment 


Ductile iron castings can be produced in a wide range 
of properties through the use of its good response to heat 
treatment. To develop the most serviceable properties, ductile 
iron castings are commonly annealed, normalized, stress re- 
lieved, quenched and tempered, austempered, or surface hard- 
ened by induction or flame. The general heat treating 
principles and procedures used for the heat treatment of 
gray iron are also applicable to ductile iron. 


Characteristics 


Nodular or ductile irons are a group of materials whose 
properties lie between those of gray irons and cast carbon 
steels. They can be cast at the same temperatures using 
the same procedures as are employed for gray iron cast- 
ings. The processing advantages of cast iron are combined 
with many of the engineering advantages of steel including 
high strength, toughness, ductility and wear resistance. Ductile 
iron permits the production of castings which are intricately 
shaped or have very light sections and yet, must withstand 
severe service conditions. 

In ordinary gray cast iron, the chief factor which limits 
strength and makes ductility nonexistent is the presence of 
random graphite flakes. By the addition of a small amount 
of magnesium in the melting process, weakening and em- 
bedding effects are removed. The graphite in ductile iron 
is in a shape which presents the minimum surface for a 
given volume, thus creating a minimum number of dis- 
continuities in the surrounding metal. This results in a 
stronger, tougher and a more ductile material. 
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Type 60-45-10: This iron has the maximum toughness 
Weldability is second only to that of 
Structure is essentially ferrite, and not 


and machinability 
high alloy grade 
as readily flame and induction hardened as the next three 
grades This type is not recommended for applications 
requiring good wear resistance 

Type 80-60-03: This type has good machinability and 
toughness and responds readily to flame or induction harden 
ing. It may be cast against a chill to provide a carbidic, 
ibrasion resistant surface 

Type 100-70-03: This grade is usually normalized and tem 
pered ilthough it may be alloyed to produce these proper 
ties without heat treatment. It has good strength, tough- 
ness and wear resistance characteristics. It is readily flame 
or induction hardened 

Type 120-90-02: This grade is usually oil quenched and 
tempered although sections up to 1.5 in. may be normalized 
und tempered. Alloying elements such as nickel and molyb- 
denum should be used to obtain adequate hardenability in 
heavy sections. It is readily flame or induction hardened. 
This type is not recommended for applications requiring 
welding 

Ductile iron is an elastic material and develops propor- 
tionality of stress to strain up to the yield point. This 
means that the rigidity of ductile iron is appreciably higher 
than that of ordinary gray iron which does not have a true 


elastic modulus 


Applications 


Type 60-45-10: Pressure castings, valve and pump bodies, 
compressor heads, pipe, fittings, shock resistance parts for 
automotive, agricultural, electrical, railroad, machine, marine 
und general use 

Type 80-60-03: Wear and strength applications for auto 
otive, aeronautical, diesel, agricultural, heavy machinery, 
mining, paper, textile and other related industries 

Type 100-70-03: Gears, crankshafts, cam shafts, pistons, 
agricultural implement parts such as bolsters, bolster forks, 


ratchets, governor weights, track shoes, reactor brake drums 
Type 120-90-02: Pinions, gears, cams, dies, machine guides, 
idlers, tractor steering gear arms, drill press 


. 1 1 
rack roier 


liners, clutch drums 


Design Considerations 


Usual casting design practices should be followed in de 
f 


signing for ductile iron applications. Dimensional toler 


mces are about the same as those employed for grav iron 


} 


excepti n the pe surface, which is often padded slightly 


to assure removal of surface defects when machining. Con- 
sistent uniformity of properties is obtained in heat-treated 
castings, particularly if the design is such that it combines 
light and heavy sections of widely different thicknesses. 


Fabrication 


Machinability 


The machinability of ductile iron is approximately equiva- 
lent to that of gray cast iron having the same hardness. 
On the basis of tool life, the softest nodular iron, while con- 
siderably stronger than any of the gray irons, can be ma- 
chined at a speed equal to that for cutting a fully annealed 
flake-graphite iron. The strongest nodular iron can be ma- 
chined at a cutting speed 14 higher for the same tool life. 
Nodular irons have excellent machinability in both as cast 
and annealed conditions. Relative machinability of nodu- 
lar irons and cast steels indicates that the two materials 
have about the same tool life if proper combinations 


of feed, speed and tool materials are employed. However, 


annealed nodular irons can be machined at considerably 


higher speeds than cast steels for a given tool life. 


Weldability 


Like all high-carbon materials, ductile iron is difficult 
to weld. However, by using techniques applicable to good 
grades of gray iron, ductile iron can be welded to itself and 
to other metals such as carbon steel, stainless steel and nickel 
by the metal are process. It can be welded by most fusion 
welding processes providing certain precautions are taken. 
For maximum ductility, welding should be done on fully 
annealed materials The composition of the material will 
also influence weld quality. The best quality welds are 
secured with a cored electrode of the 60 per cent nickel— 
40 per cent iron type, although under certain circumstances, 
ordinary steel electrodes are used for noncritical applica- 
tions. The most easily welded type is 60-45-10. This ma- 
terial can also be brazed, gas welded and overlay welded. 
Crack-free overlays can be deposited on the surface of 
ductile irons using commercial hard surfacing rods to pro- 
vide special abrasion or corrosion resistance. The material 
is also readily brazed with silver or a copper brazing alloys. 

Mechanical properties of the joints are somewhat inferior 
to the properties of the castings. The loss in strength 
in ductility through welding can be restored by heat treat- 
ment. Heat treatment after welding produces a joint as 


machinable as the base material. 
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Malleable Iron 


ASTM Specifications A47 and A220 





Data applies to all —_ unless noted. 
Values are typical unless noted. 


Type Cc Si Mn P, max S Fe 

32510 23-265 0.9-14 0.25-0.55 0.18 0.05-0.18 Balance 

35018 2.0-2.45 0.95-1.25 0.25-055 0.18 0.05-0.18 Balance 
Pearlitic 2.0-2.65 0.9-1.65 0.25-1.25 0.18 0.05-0.18 Balance 


analyses 


Physical Properties 


Modulus of Elasticity (psi).... 25 x 108 (32510) 
(35018) 
28 x 108 (Pearlitic) 
Density (lb per cu in.) 0.259-0.263 
Specific Gravity 7.25-7.45 
Electrical Resistivity 
(microhm-cm) 28-34 (32510) 
(35018) 
37-41 (Pearlitic) 
Specific Heat, 70-212 F 
(Btu/lb/deg F) iz 0.122 
Thermal Conductivity, 80 F 
(Btu/hr/sq ft/ft/deg F) 29.4 


Mechanical Properties 


Tensile Strength (psi) 
Property Ranges 50-58.000 (32510) 
53—60,000 (35018) 
65—100,000 (Pearlitic) 
Yield Strength (psi) 
Offset 0.2 per cent 
Property Ranges 32~38,000 (32510) 
35—40,000 (35018) 
45-80,000 (Pearlitic) 
Elongation in 2 Inches (per cent) 
Property Ranges 10-18 (32510) 
18-30 (35018) 
2-10 (Pearlitic) 
Reduction of Area (per cent) 
Property Ranges 18-23 (32510) 
(35018) 
Impact Resistance-Charpy (ft Ib) 
Property Ranges 16.5 (32510) 
(35018) 
14 (Pearlitic) 
Hardness Number 
Property Ranges Bhn 110-156 (32519) 
(35018) 
Bhn 163-269 (Pearlitic) 
Fatigue Strength 
Property Ranges 26-36,000 (32510) 


(35018) . 


30-38,000 (Pearlitic) 
Fatigue Ratio 
Property Ranges 0.5 (32510) 
(35018) 
Modulus of Elasticity in Compression (psi) 
Property Ranges 25,000,000 (32510) 
(35018) 
Ultimate Shear Strength (psi) 
Property Ranges 48,000 (32510) 
(35018) 
92—80,000 (Pearlitic) 
Yield Strength in Shear (psi) 
Property Ranges 23,000 (32510) 
(35018) 
Modulus of Rupture 
Property Ranges 34,100 (32510) 
(35018) 


24-82 000 (Pearlitic) 


Characteristics 


Grade 32510 ferritic malleable iron is produced from 
white iron castings. It generally has the higher carbon con- 
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tent of the two grades of ferritic malleable iron. It is ex- 
tremely fluid and for this reason is very well suited to 
castings of light section, intricate design, or both. Castings 
of this grade can be produced with sections as light as 1/32 
in. in limited areas. Grade 32510 can also be specified for 
castings exceeding 1!/4 in. in thickness. Malleable iron is 
noted for the ease with which it is machined, and it is 
this factor which prevails in the selection of Grade 32510 
rather than other ferrous products for many applications. 

Grade 35018 ferritic malleable iron is produced from 
white iron castings. Because of its lower carbon content, 
Grade 35018 has somewhat higher strength and notably 
higher ductility than Grade 35010, and is usually selected for 
applications requiring these properties. Its impact resistance 
is high. Malleable iron of this grade is regularly being cast 
in sections from 3/32 to 2! in. and upon occasion in even 
larger sections. Grade 35018 malleable castings are also 
readily machined. Ferritic malleable iron is often specified 
for applications comparable to those for which steel cast- 
ings with 0.20 to 0.30 per cent carbon and drop forgings 
with 0.10 to 0.30 per cent carbon are used. The ratio of 
yield point to minimum tensile strength for ferritic malle- 
able iron is approximately 65 per cent. The ratio of fatigue 
strength to tensile strength for ferritic malleable is between 
0.5 and 0.6. These materials also have good high tempera- 
ture characteristics to 1200F, retaining room temperature 
properties to 800 F. 

The relation between tensile strength and elongation is 
highly favorable in standard malleable irons. These irons 
display a high tensile strength accompanied by a high 
elongation. 

Pearlitic malleable irons owe their desirable properties of 
higher strength, hardness, fatigue life, and excellent resist- 
ance to abrasive wear primarily to their combined carbon 
content. They respond readily to hardening treatments ap- 
plied to the surface, to selected areas, so to the entire struc- 
ture. In addition, they offer the designer a valuable com- 
bination of rigidity, moderate ductility, and ready machin- 
ability. As with standard malleable, the pearlitic malleable 
irons are cast in a wide range of section thicknesses. They 
have, for these reasons, been adopted for many installations 
where high-strength steel components have been used. 

All types of malleable irons are magnetic. 

Damping capacity is the ability of a material to absorb 
impact forces and dissipate the energy in the form of heat 
rather than vibration or ringing. Malleable iron exhibits 
about three times the damping ability of steels and about 
twice that of the nodular irons. 


Applications 


The range of applications is a wide one. In size, it ex- 
tends from small chain links, weighing a fraction of an 
ounce, to a giant ingot mold weighing 3,960 lb. Some sec- 


tions of this latter casting are more than 7 in. thick. 





DESIGN DATA 


In design, it comprises both the simple shapes of rings, 
washers and blocks, and also complex structures with in- 
tricate configurations, such as gear cases. In utility, it ex- 
tends from ornamental iron railing castings—where the 
fine finish and excellent detail demonstrate the castability 
of malleable iron—to automotive universal joint yokes and 
flanges, pearlitic malleable iron castings highly stressed in 
service. These yokes and flanges also exemplify the ready 
machinability and excellent surface finishes which may be 
achieved. 

Malleable irons, both standard and pearlitic, are used 
in many applications in automotive, agricultural, railroad, 
construction, mining, industrial, and plumbing equipment 
and general hardware. Typical applications include axles, 
truck wheel spiders, differential carriers, crankshafts, rocker 
arms, bell cranks, hand brake parts, engine and transmission 
parts, gears, electrical equipment, and assorted fittings. 


Fabrication 


Machinability 
Efficiency in the production of finished parts depends to a 
great degree on the readiness with which machining operations 
such as turning, drilling, milling, threading, reaming, and 
so on, are performed, and this in turn depends directly on 
the machinability of the metal being fabricated. Though it 
possesses superior toughness and ductility, malleable iron is 
the most readily machinable and free-cutting of ferrous metals 
of comparable or higher strength because of its uniformity of 
structure throughout and because of the nodular form in 
which the temper carbon exists. 
The following give machining rates for various grades 
with carbide tools: 
Cutting Depth Tool 
Speed, Feed of Cut Life 
Type of Cut fpm in./rev. in. min 
Grade 32510 Ferritic Malleable 
Roughing Skin Cuts 450 0.15 .100 
400 .030 100 
Coarse Under-Skin Cuts 750 O15 060 
550 : 060 
Finish Cuts 1500 003 010 
1300 : 010 
Grade 48004 Pearlitic Malleable 
Roughing Skin Cuts 200 Ol 100 
150 . .100 
Coarse Under-Skin Cuts 300 Ols 060 
225 ' .060 
Finish Cuts 650 
500 010 
Grade 60003 Pearlitic Malleable 
Roughing Skin Cuts 150 
125 
Coarse Under-Skin Cuts 225 
175 
Finish Cuts 500 
450 
Grade 80002 Pearlitic Malleable 
Roughing Skin Cuts 150 
100 
Coarse Under-Skin Cuts 150 
100 . 7 
Finish Cuts 400 00. 010 
300 7 O10 
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Joining 

Fusion welding of malleable iron may redissolve of some 
of the temper carbon in the heated zone. Upon cooling, 
some of the redissolved carbon remains in the combined 
form, so that the structure of the metal in the zone may 


not possess the same high strength as the original ferritic 
structure. There are applications, however, where tensile 
stresses are low or stresses are compressive only, in which 
welded malleable irons, even though lower in ductility and 
impact value at the weld, may be employed. For the arc 
welding of ferritic malleable iron, a commercially pure nickel 
rod or a 10 per cent aluminum bronze rod is to be pre- 
ferred. The nickel rod affords a good color match with 
standard malleable iron. 

standard malleable iron. 

Since the melting range of brazing materials is from 1600 
to 1900 F, brazing of standard malleable iron can be ac- 
complished with somewhat less embrittlement than may occur 
when fusion welding is done, but temperatures must be kept 
well below 1700 F. The hardness and depth of embrittlement 
incurred are a function of the length of time spent above the 
critical temperature of approximately 1350F in getting to a 
brazing temperature and the length of time spent in com- 
pleting the braze. 

Low-temperature solders or the silver solders, which will 
flow at temperatures under 1350F, do not affect the me- 
chanical properties of the base iron. They are effective in 
the sweat-soldering of slip joints in malleable iron, It is im- 
portant during soldering that the temperature of the casting 
not exceed 1350F. In either brazing or soldering, a suitable 
flux and thorough cleaning with a caustic bath or a vapor de- 
grease are necessary. 


Corrosion Resistance 


The wide outdoor use of malleable iron in pole-line hard- 
ware, bridge railings and panels, street signs, rail braces 
and track switch stands, operating mechanisms of railroad 
hopper and box cars, and so on, is practical demonstration 
of high resistance of the material to atmospheric corrosion. 

The addition of copper to the melt in amounts from 
0.25 to 0.75 per cent increases the resistance of malleable 
iron to atmospheric corrosion. In alloy malleable iron, up 
to 2.0 per cent copper aids in reducing loss due to corro- 
sion by flue gases. 

The many commercial processes for rustproofing ferrous 
metals may in general be divided into two classes: Metallic 
and nonmetallic. The metallic coatings most commonly 
used are zinc, cadmium, copper, nickel, chromium, lead, tin, 
and silver. All can be applied electrolytically. However, the 
most common method of coating with zinc is the hot-dip 
galvanizing process. Tests have shown that under identical 
conditions malleable iron takes a heavier iron-zinc alloy 
layer than does wrought iron or steel. 

The two types of nonmetallic treatments available and in 
general use are (1) that which forms a thick skin of iron 
oxide, and (2) that which forms an iron phosphate coat- 
ing. Although the iron oxide coating is a protection against 
rust, it is brittle and will crack if the part is being bent, 
and so is not suitable for castings subjected to bending or 
twisting. The iron phosphate coating is flexible enough to 
avoid the development of cracks but may occasionally have 
pinholes. For this reason, castings with iron phosphate coat- 
ing are customarily painted or given an oil or wax treat- 
ment, to act as a seal. Castings given the iron oxide treat- 
ment may likewise be painted or lacquered. For some service 
conditions requiring minimum protection a coat of paint 
will suffice. More severe conditions need more effective 
protection. 

The use of plastic coatings on malleable iron has been 
very limited in comparison to other types of coatings such 
as paints, lacquers, and enamels. Industrially, the former 
have been confined mostly to special applications, which 
take advantage of their specific properties and where im- 
proved performance justifies the higher cost. 
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Carbon Steel Castings 


ASTM Specifications A27, A148 and y- Wat.) 


Data applies to all unless noted. 
Values are typical unless noted. 


analyses > 
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*On all grades except WCA and WCB, for each reduction of 0.01 per cent carbon under the maximum speci- 
fied, an increase of 0.04 per cent chromium or manganese is permitted, up to a maximum of 0.40 per cent 
chromium or 1.00 per cent manganese. 


Physical Properties 
Modulus of Elasticity (psi).... 30.1 x 10® (U-60-30) (60-30) 
30 x10¢ 
(WCB 
29.9x10® (80-40)(80-50) 
Density (lb/cu in.) 


Thermal Conductivity (Btu/sec/sq ft/deg F/in.) 


(60-30) (65-35) 
(70-36) (70-40) 

WCB) 
(80-40) (80-50) 
(60-30) (65-30 
(65-35) (70-36 
(70-40) (WCB 
(80-40) (80-50 
(60-30) (65-35) 
(70-36) (70-40) 

(WCB) 
(80-40) (80-50) 


Coefficient of Thermal Expansion (per deg F) 
70-1200 F (N1)(N2) 
U-60-30 


( ) 
(60-30) (65-35) 


TT- 212 : 
TT- 392 F 
77- 752 F 
77-1292 


(60-30) (65-35) 
(70-36) (70-40) 

(WCB) 
(80-40) (80-50) 
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662-1202 F ........ : 


1292-1382 F 


Electrical Resistivity (microhm-cm) 


(60-30) (65-35) 
(70-36) (70-40) 

(WCB) 
(80-40) (80-50) 
(60-30) (65-35) 
(70-36) (70-40) 

(WCB) 
(80-40) (80-50) 
(60-30) (65-35) 
(70-36) (70-40) 

(WCB) 
(80-40) (80-50) 


(60-30) (65-35) 
(70-36) (70-40) 

(WCB) 
(80-40) (80-50) 
(60-30) (65-35) 
(70-36) (70-40) 

(WCB) 
(80-40) (80-50) 
(60-30) (65-35) 
(70-36) (70-40) 

(WCB) 
(80-40) (80-50) 
(60-30) (65-35) 
(70-36) (70-40) 

(WCB) 
(80-40) (80-50) 
(60-30) (65-35) 
(70-36) (70-40) 

(WCB) 
(80-40) (80-50) 
(60-30) (65-35) 
(70-36) (70-40) 

(WCB) 
(80-40) (80-50) 
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Mechanical Properties 


Tensile Strength (psi) 


60,000 (U-60-30) (60-30) 
(WCA) 
65.000 (65-35) 
70.000 (70-36) (70-40) 
(WCB) 
80,000 (80-40) (80-50) 


Minimum mechanical properties 


Average properties attainable with typical carbon-steel com- 
positions using |-in. water-quenched bars 

103,000 (65-35) (70-36) 
130,000 (80-40) (80-50) 
0 1 96,000 (65-35) (70-36) 
123,000 (80-40) (80-50) 
92,006 (65-35) (70-36) 
107,000 (80-40) (80-50) 
86,000 (65-35) (70-36) 
96,000 (80-40) (80-50) 


Tempered at 400 | 
Tempered at 8 
Tempered at 1000 | 


Tempered at 1200 | 


Yield Point (psi) 


10,000 (U-60-30) (60-30) 

(WCA) 
55,000 (65-35) 
56.000 (70-36) (WCB) 
40,000 (70-40) (80-40) 
1.000 (80-50) 


Minimum mechanical properties 


Average properties attainable with typical carbon-steel com- 

positions using |-in. water-quenched bars 
82,000 (65-35) (70-36) 
17,000 (80-40) (80-50) 
72,00 (65-35) (70-36) 
12,004 (80-40) (80-50) 
65,00 (65-35) (70-36) 
86,001 (80-40) (80-50) 
54,001 (65-35) (70-36) 
7 i (80-40) (80-50) 


Elongation in 2 Inches (per cent) 


22 (U-60-30) (70-36) 
(70-40) (80-50) 
(WCB) 

24 (60-30) (65-35) 
(WCA) 

8 (80-40) 


Minimum mechanical properties 


Average properties attainable with typical carbon-steel com- 
positions using |-in. water-quenched bars 

Tempered at 400 I 12 (65-35) (70-36) 

17 (80-40) (80-50) 

I8 (65-35) (70-36) 

21 (80-40) (80-50) 

22 (65-35) (70-36) 

24 (80-40) (80-50) 

(65-35) (70-36) 

(80-40) (80-50) 


Reduction of Area (per cent) 


Minimum mechanical properties ” (U-60-30) 
(70-36) (70-40) 

(80-40) 

(60-30) (65-35) 

(80-50) (WCA) 

(WCB) 


Average properties attainable with typical carbon-steel com- 
positions using |-in. water-quenched bars 

Tempered at 400 ! ! (65-35) (70-36) 
46 (80-40) (80-50) 
J (65-35) (70-36) 
6 (80-40) (80-50) 


Ten pered at SU I 


(65-35) (70-36) 
(80-40) (80-50) 
(65-35) (70-36) 
(80-40) (80-50) 


Tempered at 1000 F .... 


Tempered at 1200 F . 


Hardness Number (Brinell) 


Average as cast (65-35) 
(70-36) (WCB) 

(80-40) 

(WCA) 


Average properties attainable with typical carbon-steel com- 

positions using I-in. water-quenched bars 

Tempered at 400 F .... 212 (65-35) (70-36) 
514 (80-40) (80-50) 

Tempered at 800 F ........... 192 (65-35) (70-36) 
352 (80-40) (80-50) 

Tempered at 1000 F peuacas 187 (65-35) (70-36) 
269 (80-40) (80-50) 

Tempered at 1200 F _ 174 (65-35) (70-36) 
207 (80-40) (80-50) 


Endurance Limit (psi) 
Annealed ae 25,000 (U-60-30) (60-30) 
WCA 


Normalized ae 28,000 (65-30) (65-35) 
31,000 (70-36) (70-40) 


(WCA) 
Normalized and tempered ... 35,000 (80-40) (80-50) 


Bend Test (deg) 
(WCA) (WCB) 


Minimum mechanical properties 


Elevated Temperature Properties 


Tensile Strength (psi) 


Annealed or normalized 
70 I 68,000 (U-60-30) 
(60-30) (65-35) 
(WCA) 
400 F 70,000 (U-60-30) 
(60-30) (65-35) 
(WCA) 
800 65,000 (U-60-30) 
(60-30) (65-35) 
(WCA) 


1200 | 20,000 (U-60-30) 
(60-30) (65-35) 
(WCA) 


Yield Strength (psi) 
Offset 2 per cent 


Annealed or normalized 
70 F 45,000 (U-60-30) 
(60-30) (65-35) 
(WCA) 


400 F 37,000 (U-60-30) 
(60-30) (65-35) 

(WCA) 

25,000  (U-60-30) 
(60-30) (65-35) 
(WCA) 

9,000  (U-60-30) 
(60-30) (65-35) 
(WCA) 
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Elongation in 2 Inches (per cent) 


Annealed or normalized 
70 F 


Reduction of Area (per cent) 


Annealed or normalized 


70 F 


Creep Strength (psi) 


Load to cause | per cent elongation in 10, 


Annealed or normalized 
RIM) b |! 


>) 


35 (U-60-30) 
(60-30) (65-35) 
(WCA) 


30 (U-60-30) 
(60-30) (65-35) 
(WCA) 


38 (U-60-30) 
(60-30) (65-35) 
(WCA) 


53 (U-60-30) 
(60-30) (65-35) 
(WCA) 


59 (U-60-30) 
(60-30) (65-35) 
(WCA) 


57 (U-66-30) 
(60-30) (65-35) 
(WCA) 


70 (U-60-30) 
(60-30) (65-35) 
(WCA) 


82 (U-60-30) 
(60-30) (65-35) 
(WCA) 


000 hr 


5,000 (U-60-30) 


(60-30) (65-35) 
(WCA) 


5,000  (U-60-30) 


(60-30) (65-35) 
(WCA) 


Low-Temperature Properties 


Tensile Strength (psi) 
As Cast 


75 F 71.800 


114 F 77,600 


Quenched and tempered 
70 F 104,400 
300 F 160,400 


Yield Strength (psi) 


Offset 2 per cent 


As Cast 


75 F 37,200 


114 F 39.500 


1961 Edi: ion 


(U-60-30) (60-30) 
(WCA) 


(U-60-30) (60-30) 
(WCA) 


(80-40) (80-50) 
(80-40) (80-50) 


(U-60-30) (60-30) 
(WCA) 
(U-60-30) (60-30) 
(WCA) 
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Yield Point (psi) 
Quenched and tempered 


70 F iietsce Cee (80-40) (80-50) 
300 F ... ened Cee (80-40) (80-50) 


Elongation in 2 Inches (per cent) 
As Cast 


5 (U-60-30) (60-30) 
(WCA) 

(U-60-30) (60-30) 
(WCA) 


25 (80-40) (80-50) 
9.8 (80-40) (80-50) 


Reduction of Area (per cent) 


As Cast 
Se ears od 55 (U-60-30) (60-30) 
WCA) 


53 (U-60- 30) (60-303 Ay 
(WCA) 


Quenched and tempered 
70 F a 61.3 (80-40) (80-50) 
9.4 (80-40) (80-50) 


Notched-Bar Impact Test (ft-lb) 


As Cast, Charpy keyhole notch 

OOF .. 7 ) (WCA) 

ae x; ; (WCA) 
20 F ‘ (WCA) 


Annealed, Charpy keyhole notch 

75 F < 2: (65-35) 

0 F ; (65-35) 
50 F ; (65-35) 


Water quenched 1575 F, tempered at 900 F, 
Charpy keyhole notch 
(65-35) 
(65-35) 
(65-35) 
(65-35) 


Water quenched 1575 F, tempered at 1200 F, 
Charpy keyhole notch 

wr ; ; woree 33 (65-35) 
OF. me 28 (65-35) 
50 F : . 25 (65-35) 
100 F 20 (65-35) 


Water quenched 1500 F, tempered at 900 F, 
Charpy keyhole notch 

2 ; 19 

- ae 16 
25 F ~~ 13 
100 F M2 10 


Oil quenched 1500 F, tempered at 1200 F, 
Charpy keyhole notch 

a oe wesd 

0 F 
50 F 
100 F 





DESIGN DATA 


Characteristics 


These cast steels are plain-carbon steels with a medium- 
carbon level. The 13 cast steels which are covered here 
are defined by three different ASTM specifications: A27, 
Al48 and A216 


A27 Mild to Medium-Strength Carbon-Steel Castings for 
General Application. The mild to medium-strength carbon- 
steel castings referred to in the title are distinguished from 
carbon-steel and alloy-steel castings requiring a tensile 
strength in excess of 70,000 psi. 


Seven grades of steel castings are covered in this specifica- 
tion. Any of these steels can be made by the open hearth, 
electric furnace, converter, or crucible processes. 

Grade N-1 is not required to be mechanically tested nor 
heat treated. Grade N-2 is not mechanically tested but is 
required to be heat treated. Grade U-60-30 is required to 
be mechanically tested but not heat treated. Grades 60-30, 
65-35, 70-36, and 70-40, are required to be heat treated and 
mechanically tested. The heat-treating processes called for 
in the specification are full annealing, normalizing, normaliz- 
ing and tempering, or quenching and tempering. 


The five grades required to be mechanically tested are 
distinguished in their grade designations by numerals cor- 
responding :o the significant numbers of the specified ten- 
sile strength and yield point. For example, Grade 60-30 
calls for a minimum tensile strength and yield point of 
60,000 and 30,000 psi respectively. 

Defects in the steel castings covered by this specification 
may be repaired by welding. Defects are considered minor 
when the depth of the cavity prepared for welding is not 
greater than 20 per cent of the actual wall thickness, but in 
no case greater than | in. All major welds are given a suit- 
able stress relief or heat treatment after welding. The grades 
covered by this specification represent materials that are 
readily weldable by accepted welding procedures. The term 
weldable does not imply that no special precautions need 
be taken in welding any or all shapes of steel castings. Re- 
gardless of composition, the welding of any steel casting or 
other steel part of intricate shape or of greatly varying cross 
sections may necessitate special welding techniques. 


Grades N-i, N-2, U-60-30, and 60-30: These steels are 
the accepted commercial grade of cast steel most often 
used for general purposes. They meet most ordinary speci- 
fications, and are often furnished when no specific grade 
is specified by the purchaser. 

These steels may be compared to SAE 1025 for general 
chemical and physical characteristics. They are recommended 
for carburizing purposes, where welding is performed without 
preheating or postheating, and also where extremely high 
ductility is required. The carbon contents of these grades 
are not sufficiently high to respond to subsequent hardening 
treatments, except surface-hardening treatments such as 
cyaniding or carburizing. 

Common applications for these steels are electric motor 
frames, parts for carburizing, parts for cyaniding, parts for 
fabrication by welding where preheating or postheating is 
difficult, valves and valve parts, and ship and structural 
parts that require extreme ductility. 


Grade 65-35: This steel is for general applications requir- 
ing a steel of medium strength properties. Ductility is ex- 
cellent, and weldability and machinability are good. It is 
used for automotive castings, truck and trailer fittings, valves 
and valve fittings, and farm machinery equipment. 


Grades 70-36 and 70-40. These steels may be compared 
to SAE 1030 for general chemical and physical characteris- 
tics. Machinability is good and physical properties are above 
average. Weldability is excellent, however, post heating is 
recommended on certain applications where design and 
stress concentration may cause failure, or where machine 
operations are involved. General steel castings, where good 
ductility and average strength is required, are common ap- 
plications. This includes truck and trailer fittings, railroad 
car and locomotive castings, road building and general con- 
struction machinery, machine-tool castings, backing dies, hold- 
ing dies, diecasting machinery, and ship castings. 


Al48 High-Strength Steel Castings for Structural Purposes. 
This specification covers carbon-steel and alloy-steel castings 
that are to be subjected to higher mechanical stresses than 
those covered in A27. 

Seven grades of steel castings are covered. However, in 
this data sheet only two of the grades are applicable: 80-40 
and 80-50. These are plain-carbon steels, the other five 
grades are considered low-alloy steels and are covered in the 
data sheet immediately following. 

Just like some of the grades in A27, 80-40 and 80-50 are 
distinguished by numerals corresponding to the significant 
numbers of the specified tensile strength and yield point. 
These steels are made by the open hearth or electric furnace 
processes. All 80-40 and 80-50 castings are heat-treated—either 
by full annealing, normalizing, normalizing and tempering, 
or quenching and tempering. 

These steels are roughly equivalent to wrought SAE 1040 
in chemical and physical properties. They have a slightly 
higher carbon content than the medium grades and there- 
fore higher tensile properties with slightly decreased ductility. 
They can be water-quenched or oil-quenched to increase the 
hardness. Both of these steels can be welded without pre- 
heating under some circumstances, but both preheating and 
postheating are recommended. Common uses of this steel 
are similar to those of the medium steels. They are used 
when higher tensile properties, higher hardness, or subse- 
quent heat treatment by quenching, flame hardening or 
similar processes are desired or anticipated. 


A216 Carbon-Steel Castings Suitable for Fusion Welding 
for High Temperature Service. This specification covers car- 
bon steel castings for valves, flanges, fittings, or other pres- 
sure containing parts for high-temperature service. Two 
grades are included, WCA and WCB. 

Both of these grades are readily welded by procedures de- 
fined in the ASME Boiler and Pressure Vessel Code. Grade 
WCB should be confined to applications where preheating 
or stress-relief anneal, or both, can be given the weld. These 
steels are usually made by the open hearth or electric fur- 
nace process. 

All castings receive a heat treatment proper to their de- 
sign and chemical composition. Heat treatment usually con- 
sists of full annealing, or of normalizing, or of normalizing 
followed by drawing to a temperature below the critical 
range. 

Very seldom is either one of these materials liquid 
quenched. Castings made of both of these materials are 
given a hydrostatic shell test after machining. 

Minor casting defects can be repaired by welding. Defects 
which are not considered minor are those in the case of 
a casting which leaked during hydrostatic testing; or where 
the depth of the cavity exceeds 20 per cent of the wall thick- 
ness, or | in.; or where the extent of the cavity exceeds 
approximately 10 sq in. 


Grade WCA is roughly similar to wrought SAE 1025 
in chemical and physical properties; WCB is similar to 
SAE 1030. Common uses for WCA besides pressure-con- 
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taining parts are electric motor frames, parts for carburizing, 
parts for cyaniding, parts for fabrication by welding where 
preheating or postheating is difficult, and ship and struc- 
tural parts that require extreme ductility. 

Common applications for WCB, besides pressure-contain- 
ing parts, are general steel castings where good ductility 
and average strength is required. Truck and trailer fittings, 
railroad car and locomotive castings, road building and gen- 
eral construction, machinery castings, backing dies, holding 
dies, die-casting machinery, and ship castings are examples. 


Design Considerations 


Steel castings are produced by pouring molten steel of 
the desired composition into a mold. The size, surface finish 
and dimensional accuracy of a casting varies widely with 
the type of mold. However, the properties of the cast steel 
are not affected significantly. Steel castings produced in any 
of the various types of molds, and wrought steel of the same 
chemical composition respond similarly to heat treatments, 
have the same weldability, and similar physical and chemi- 
cal properties. Cast steels, however, do not exhibit the 
directionality typical of wrought steel. 

The longitudinal properties of rolled or forged steel are 
slightly higher than the properties of cast steel or weld 
metal. However, the transverse properties are lower by an 
amount that depends on the amount of working. When 
service conditions involve multidirectional loading, the non- 
directional characteristic of cast stee!s is often advantageous. 

When steels are cast, all volume changes of the metal are 
important, whether occurring in the liquid state, during 
solidification, or in the solid state. Volume changes that 
occur in the liquid state as the cast metal cools affect the 
planning for adequate metal to fill the molds. Contraction 
is of the order of 0.9 per cent per 100 deg F for a 30 per 
cent carbon ,steel. The exact amount of contraction will 
vary with the chemical composition, but it is usually within 
the range from 0.8 to 1 per cent per 180 deg F for carbon 
and low-alloy steels. For cast carbon and low-alloy steels 
a solidification contraction of 3 per cent is generally assumed. 

The greatest amount of contraction occurs as the solidified 
metal cools to room temperature. Solid state contraction 
from the solidus to room temperature varies between 6.9 and 
7.4 per cent as a function of carbon content. Other alloy- 
ing elements have no significant effect on the amount of 
this contraction. The rigid form of the mold hinders con- 
traction and results in the formation of stresses which may 
be great enough to cause fracture or hot tears. Proper re- 
lation of casting configuration to accommodate contraction 
is one of the most important factors in successfully produc- 
ing a casting. 

Effect of Mass. The size of a casting has a marked effect 
on its mechanical properties. In sizes up to 8-in. square, as 
size increases tensile strength decreases. Most of the total 
effect occurs as size is increased to 4-in. square. The dif- 
ference between the as-cast and annealed tensile strength 
of low-carbon steels at room temperature is minor—differ- 
ences in elongation and reduction of area are much more 
significant. 

This reflects the influence of hardenability and micro- 
structure, as modified by heat treatment, on mechanical prop- 
erties. An increase in effective thickness results in a de- 
crease in average elongation and reduction of area, and a 
decided decrease in impact resistance. Essentially, there is 
less response to heat treatment in thicker sections. 


Fabrication 


Dimensional tolerances for rough castings are influenced 
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by the quality of pattern equipment provided. In general, 
over-all dimensions and locations of cored holes can be 
held to 1/16 in. per foot. 


Castability 


Successful production of a steel casting involves considera- 
tion of the section thick«esses and their relation to each 
other in the casting, and section sensitivity as it may affect 
machinability. The ease with which the liquid metal will 
continue to flow in a mold is defined as fluidity, and depends 
upon its analysis and the pouring temperature. 

To have good fluidity, any steel must be well made and 
thoroughly deoxidized. Rimmed steels have a fluidity in- 
ferior to that of dead-killed steels. Also, dead-killed steels 
that are under or over-oxidized have poorer fluidity than 
steels killed with just a sufficient amount of oxidizers. The 
flowing qualities of carbon steel are improved moderately 
by increased amounts of manganese; and, up to certain limits, 
increased amounts of silicon and copper. 


Machinability 


There is no significant difference in the machinability 
of steel made by different melting processes, nor between 
wrought and cast steel. As long as strength, hardness and 
microstructure are equivalent, machinability is equivalent. 

The machinability rating often given is an arbitrary meas- 
ure of the relative ease of cutting a metal. One standard 
of comparison is a free-cutting grade of screw-machine steel. 
With this as 100 per cent, the machinability of N-1, N-2, 
N-3, U-60-30, 60-30 and WCA is 55 per cent. The ma- 
chinability rating of 65-30 and 65-35 is 60 per cent; the 
rating of 70-36, 70-40, and WCB is 65 per cent; and the 
rating of 80-40 and 80-50 is 70 per cent. 

The skin, or surface, on a sand-mold casting often wears 
down cutting tools rapidly, probably because of the adherence 
of abrasive mold materials to the casting. Therefore, the 
initial cut should be deep enough to penetrate below the 
skin—or, the cutting speed can be reduced to 50 per cent 
of that recommended for the base metal. 

Microstructure has considerable effect on machinability of 
cast steels. It is sometimes possible to improve machining 
characteristics of a steel casting by as much as 100 per 
cent by normalizing, normalizing and tempering, or anneal- 
ing. 


Weldability 


Welding of low and medium-carbon steel castings pre- 
sents no particular difficulties if the casting is properly 
prepared, is reasonably clean, and ordinary precautions are 
taken to avoid setting up excessive expansion and contrac- 
tion stresses in the metal. With castings that contain more 
than 0.25 per cent carbon, some precautions are necessary. 

Electrodes should be used which have mechanical proper- 
ties, after heat treatment, similar to the base metal. Electric- 
arc welding of steel castings is essentially the same as that 
for wrought steel of similar composition. For the best results, 
a high grade heavily-coated electrode is used. Multilayer 
welding and high currents can be employed if the carbon 
content of the base metal is low, but small diameter elec- 
trodes and low current are necessary when the carbon con- 
tent is high. 

Preheating and slower cooling are necessary with castings 
having higher carbon content. To prevent cracking in 
carbon and low-alloy cast steels, the hardness of the weld 
bead should not exceed 350 Brinell (DPH), except where 
conditions are such that only compressive forces result from 
the welding. In configurations where extreme restraint is 
involved, an even lower value is desirable. Recommended 
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umounts of preheating and post heating are: 


Average Hardness 
of Weld Bead 
(Brinell DPH Preheat Required Stress Relief Required 





Under 2% None None 
200 F Advisable 
400 F Necessary 
600 |} Necessary without 
allowing to cool 


from preheat 


Repairs are readily made in plain carbon steel castings by 
electric-arc and thermit welding. “Forging” grade thermit may 
he used, although where parts are subject to abrasion and 
wear, “wabbler” grade thermit is employed to provide a hard, 


wear-resistant, machinable steel 


Defects in castings may be repaired either by multi-pass 
welding—or by a deposit made as a continuous puddle, 
provided the area of the defect is not so large that the 


melt will solidify during welding 


Welds in castings may be radiographed by gamma ray 
w X-ray methods to ascertain the degree of homogeneity 
~ the welded section. Most common defects are incom 
plete fusion, slag inclusion and gas bubbles Magnetic 
particle inspection is also useful in the detection of small 
cracks. Most cast specimens machined across the weld will 
break outside the weld, in the heat affected zone, in a 
tension test This does not mean that the weld is stronger 
than the base metal. Closely controlled welding techniques 
and stress relieving are necessary to prevent brittleness in 


this heat affected zone 


Heat Treatment 


steel is poured into a mold, and allowed to 


transiormation range, as-cast grain structure 
suitable for most applications. While the cast- 
condition, residual stresses from uneven cool- 
ing n ifficient to cause rupture in the higher carbon 
steels « handling. Therefore, when hardness is high or 
the castings are of such design as to be conducive to high 
residua! st . a preliminary stress relieving or an anneal 


ing treatment may be required to obviate breakage in han 


dling These treatments should be started before the casting 


nas cooled t eSS in 500 deg I 


Full Annealing 


lo accomplish this treatment, castings are heated above 
the transformation temperature range at a rate that will 
ybtain a reasonable degree of uniformity of temperature 
within each casting. Recrystallization is completed as soon 
us the temperature rises above the transformation range. 
Within this range, the rate of diffusion is rather slow but 
it increases rapidly with increasing temperature; consequently 
temperatures approximately 200 deg F higher than the trans- 
formation temperature range are usually employed. Very small 
carbon steel castings can be homogenized in a comparatively 
short time. Full annealing produces good ductility, accom- 
panied by lower tensile and yield strengths. A coarse grain 
structure results when high annealing temperatures are em- 


ployed 
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Normalizing 


In this treatment the castings are heated above the trans- 
formation temperature range, then removed from the furnace 
and permitted to cool in still air. Normalizing is not a 
drastic hardening process. However, variations in the rates 
of cooling will influence the mechanical properties. Lower 
strength and hardnesses may be expected in the heavier 
sections of the casting that contains both light and heavy 


sections. 


Homogenizing 


In this process castings are heated to some temperature 
range well above the upper transformation range for at least 
one hour per in. of maximum thickness, then are cooled 
in still air. Homogenizing is important only for higher alloy 
steels prior to quenching operations for hardening. Air cool- 
ing from these temperatures seems to be beneficial in pre- 
venting reversion of segregates found after cooling in the 


furnace. 


Liquid Quenching 


In this process the castings are heated above the trans- 
formation temperatures range, are held above that range 
for a period of time, and are then cooled rapidly in a liquid 
bath. Water or oil may be used, depending on the rate of 
cooling required. The holding temperatures for quenching 
are usually about LIOF above the transformation range. 
The time at temperature is 30 minutes to one hour or more 
per in. of maximum cross section, depending on the sluggish- 
ness of the alloy and the time required for carbides to go 
into solution. 

Quenching tanks should be of sufficient size, or the quench- 
ing medium should be sufficiently cool, to prevent a rise 
in temperature of more than 20 deg F in the quenching 
medium during the quenching operations. Quenching should 
be continued until the temperature of the entire casting 
is lower than 500 deg F, or until a temperature is reached 


within the martensite range. 


Tempering 


This treatment, which follows normalizing or hardening 
operations, removes stresses set up in castings during non- 
uniform cooling. Tempering also increases ductility and 
impact resistance, and decreases the tensile and yield strength 
of the hardened material. The castings are heated uni- 
formly to the proper tempering temperature, are held at tem- 
peratures for approximately one hour per in. of section, 
and are then cooled. The temperatures employed may range 
from 400 to 1275 deg F, depending on the hardness and 
other mechanical properties desired. When temperatures of 
less than 850 deg F are employed, the time at temperature 
is increased from the usual one hour per in. of cross section 
to insure the complete removal of residual stresses. 


Stress Relieving 


If the relief of stresses is the only consideration, tempera- 
tures lower than 500 deg F are of little value and tempera- 
tures higher than 1000 deg F are usually not required. Tem- 
peratures of 750 deg F reduce stresses approximately 50 per 
cent and temperatures of 1000 deg F will reduce stresses 
to about 90 per cent. However, tempering temperatures 
lower than 700 deg F are seldom used in the treatment 
of commercial steel castings. In fact, temperatures higher 
than 900 deg F are usually employed. 
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Alloy Steel Castings 


ASTM Specifications A148, A217 





Data applies to all types — noted. 
Values are typical unless noted 


P,Max S,Max Si,Max Cu, Max Ni Cr 


Al48* 0.80 0.05 0.06 0.40 0.60 0.6 


WCI 0.50-0.80 0.05 0.06 0.60 0.50 max 


wc4 ) 


0.50-0.80 0.05 0.06 0 60 0.70-1.1 


WC5 0.40-0.70 0.05 0.06 0.60 0.60-1.00 


WwC6 0.50-0.80 0.05 0.06 0.60 0.50 max 


Wwco 0.40-0.70 0.05 0.06 0.60 0.50 max 


Cc. 0.40-0.70 0.05 0.06 0.50 max 


analyses + 


0.35-0.65 0.05 0.06 0.50 max 


Cl2 


1.0 max 0.05 0.06 


0.50-0.80 0.05 0.06 


0.50-0.80 0.05 0.06 3.00-4.00 


0.15 0.50-0.80 0.05 0.06 2.00-3.00 


90-60, 105-85, 


*Alloys covered under ASTM specification A148 and included here are 
are typical 


Specification A148 does not define composition, and values given above 
meet other requirements of A148 


averages f 


Yield Point (psi) 


Minimum 


Physical Properties 
60,000 
85,000 
95,000 
125,000 
145,000 
35,000 
40,000 


Modulus of Elasticity (psi) . 29-30 x 10 


Density 
Electrical Resistivity 
(microhm-cm) ' 
Specific Heat (Btu/lb/deg F) 
Thermal Conductivity 
(Btu/hr/sq ft/deg F 
At 212 F 
At 932F 
Coefficient of Thermal Expension 
(per deg F) 
32-212 F 
32-600 F 
32.1000 F 
32 1200 F ies 
Melting Temperature Range 
(deg F) 


(lb/cu in.) 


60,000 
35,000 
40,000 
83,000 
102,000 
130,000 
155.000 


ft) 


Average 
8.0-8.3 x 10° 
6 9 
~ 


Yield Strength (psi) 


(offset 2 per cent) 


2700-2800 Average properties for oil quenched bars 


. 135,000 


Tempered at 1000 F 
90,000 


Tempered at 1200 F 
Elongation in 2 Inches (per cent) 
20 
17 
14 
9 
6 
24 
20 


Mechanical Properties 


Minimum mechanical properties. . 


Tensile Strength (psi) 


90,000 
105,000 
120,000 
150,000 
175,000 

65,000 

70.000 


(90-60) 
(105-85) 
(120-95) 

(150-125) 
(175-145) 
(WCl) 
(WC4)(WCS) 
(WC6)(WC9) 
(CS5)(C12) 
(LCB)(LC1) 
(LC2)(LC3) 


(C5) 
C5) 


Minimum 


18 
24 


Average 
90,000 
65,000 


bars 
75,000 
115,000 


Average reo for oil quenched 
Tempered at 1000 F 
Tempered at 1200 F 


Average A pe gf for oil quate bars 
Tempered at 1006 : 
Tempered at 1200 F 


1961 Edition 


0.35 max 
0.50-0. 
0.50-0, 


1.00-1.£ 


4.00-6.! 


8.00-10.00 


120-95, 150-12 


and A352 


Mo 


) 0.20 


0.45-0.65 


80 0.45-0.65 


90 0.90-1.20 


50 ~—(0,45-0.65 


0.90-1.20 


3) =0.45-0.65 


0.90-1.20 


0.45-0.65 


5 and 175-145 
or steels which 


(90-60) 
(105-85) 
(120-95) 

(150-125) 
(175-145) 
WCl) 
(WC4)(WC5) 
(WC6)(WC9) 
(CS) (C12) 
(LCB) (LCI) 
LOLS) 
05-85) 


i ar 


(150-125) 
75143 


(LCB)(L Gls 
(LC2)(LC3) 


(175-145) 


(C5) 
(C5) 


15 
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Reduction of Area (per cent) 


Minimum mechanical properties. . (90-60) 
08s 
120-95 
Glas 
175-145 
Wes} wc4 
wc ess 
(WC9)(G 
(C12)(LCB) 
(LC1)(LC2) 
LC3 


(LC3) 
(90-95) 
(150-123) 
(175-145) 


AnBSAs 


Average properties for oil quenched bess 
Tempered at 1000 F (CS) 
Tempered at 1200 F — (CS) 


Hardness Number (Brinell) 
Average 


135 
150 
200 
140 
Average properties for oil quenched bars 
Tempered at 1000 F 
Tempered at 1200 F 


Notched-Bar Impact Test (ft-Ib) 
Minimum, Charpy V-notch .... s a = 


Average, Charpy Keyhole-notch 


(150-125 


eS 
(175-145 


Bend Test (deg) 
Minimum onel c wos} 


Tea 


31 (WCI1)(LCB) 
(LC1)(LC2) 
(LC3) 
33¢WC4)(WCS) 
(WC65)(WC9) 
(C5) (C12) 
90-60) 


( 
(105-85) 
(120-95) 

(150-125) 
(175-145) 


Endurance Limit (psi) 


Normalized 


Heat Treated 


Elevated Temperature Properties 


Tensile Strength (psi) 


200 F : 53, (CG) 
400 F 70,000 (WCI)(WC5) 
(WO9) 


Yield Strength (psi) 
Offset=0.2 per cent 


400 F 
(Cl2) 
(WC1)(C12) 
(WC5) 
(WC9) 
(WC1) (C12) 
(WC5) 


(WC9) 
(WC1) (C12) 
(wC6) 


(WC9) 
(WC1)(C12) 
(WC6) 


(WC1)(WC6) 
(C12) 


(WC9) 
(WC1)(C12) 


RBRaBRSS S$ 


2S388aA882 


Creep Strength (psi) 
Load to cause 0.01 per cent elongation in 1000 hr 


(WC9) 
(C12) 
(WC9) 
(C12) 
(WC5) 
(WC5) 
(C12) 
(C12) 
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Load to cause | per cent elongation in 10,000 hr 


Stress Rupture Strength (psi) 
Load to cause rupture in 1000 hr 


: 


(WC1)(WO9) 
(C12) 


(WC6) 

(C5) 

(WCl) 
(WC6) (C12) 
(Wd) 


ass 
S88 


SSe8s 


oh HO =-161 


PEE 


Low-Temperature Properties 


Tensile Strength (psi) 


Yield Strength (psi) 
Offset = 0.2 per cent 


Notched-Bar Impact Test (ft-lb) 
Charpv keyhole notch 


Treatment Temperatures 


Annealing Temperature (deg F) .. 1500-1600 


1325-1375 


1961 Edition 


Normalizing Temperature (degF) 1550-1650 


Quenching Temperature (deg F) .. 


Hardening Temperature (deg F) .. 1600-1700 


Tempering Temperature (degF) . 400-1200 


Characteristics 


Low-alloy steel for castings is defined as steel where the 
total percentage of alloying elements is less than 8 per cent. 
In the three ASTM specifications covered here, all but two 
fit this definition. Applicable specifications, and alloys dis- 
cussed, are: Al48—90-60, 105-85, 120-95, 150-125 and 175-145; 
A217—WC4, WC5, WC6, WC9, C5 and C12; and A352— 
LCB, LCl, C12, and LC3. ASTM A2Ii7 Grade C12 has a 
total number of alloying agents greater than 8 per cent, and 
it is possible for Grade C5 to have a total number greater 
than 8 per cent. 

All of these cast steels are used in machine tools, high- 
speed transportation units, steam turbines, valves and fit- 
tings, railway, automotive, excavating and chemical process- 
ing equipment, pulp and paper machinery, refinery equip- 
ment, rayon machinery and various types of marine equip- 
ment. They are also used in the aeronautical field. 


Al48 High-Strength Steel Castings for Structural Purposes. 
A variety of mechanical properties can be obtained from one 
basic composition by a change in heat treatment. This speci- 
fication defines steel for structural purposes, capable of be- 
ing heat treated to a very high strength level. All of the 
steels covered are suitable for nitriding, and weldability and 
machinability are fairly good. 

In this specification, no restrictions in chemical composi- 
tion are included except a maximum limit of 0.05 per cent 
for phosphorous and 0.06 per cent for sulfur. Actual chem- 
ical composition is left completely up to the supplier as long 
as the steel meets the mechanical property requirements 
called out in the specification. Generally, however, all steel 
made to this specification is similar in composition to 
wrought SAE 8630 (see composition indicated first page of 
this section), and different levels of required mechanical 
properties are achieved through various heat treatments. 

The steel which fits this specification may be made by 
the open hearth or electric furnace processes. All of the steels 
in this specification are intended for use where mechanical 
stresses unaccompanied by high temperatures predominate. 

Although seven grades of steel castings are covered in this 
specification, Grades 80-40 and 80-50 are considered plain- 
carbon steels and are covered in a previous data sheet. 


Grade 90-60. A medium manganese steel having wide 
acceptance as a general purpose alloy with medium strength 
and shock resistance. This grade is popular in applications 
such as farm tractors, automotive equipment, machine tools 
and metal working equipment, ship parts requiring medium 
strength, etc. 
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Grades 105-85 through 175-145. These are general purpose 
structural alloys with wide application and wide range ol 
These alloys are used in aircraft, ma- 


physical properties. 
railroad car 


chine tools, hammer mills, mixing equipment, 


parts, etc 


A217 Alloy-Steel Castings for Pressure-Containing Parts 
Suitable for High-Temperature Service. This specification 
covers alloy-steel castings especially intended for valves, 
flanges, fittings and other pressure containing parts intended 
primarily for high temperature and corrosive service. Seven 
grades of ferritic alloy steels are covered. Selection depends 
ym design and service conditions, mechanical properties and 
the high temperature and the corrosion resistant characteris- 
tics desired 

All of these grades are generally suitable for assembly with 
other castings or wrought steel parts by fusion welding. All 
grades possess varying degrees of suitability for resistance to 
corrosion and for high temperature service 

All castings receive some sort of heat treatment. Heat 
treatment usually consists of annealing, or of normalizing 
followed by drawing to a temperature below the critical 
range. These castings are very seldom liquid quenched. Each 
casting is individually tested to the hydrostatic pressures 
prescribed in the American Standard for Steel Pipe Flanges 
and Flange Fittings (ASA BI16.5). Usual maximum service 


temperatures for these materials is from 750 to 1100 deg F 


Grade WCl. This alloy is for applications requiring main- 
tained strength at elevated temperatures, particularly high- 
pressure, high-temperature steam line service. Designed for 
operating temperatures up to R50 deg F, its weldability and 


machinability are good 


Grades WC4, WCS and WC6. Alloys for strength at 
elevated temperature in steam service. Generally, these 
alloys are not used for applications where service tempera 
tures exceed 950 deg F. Weldability and machinability are 


fairly good 


Grade WC9. This alloy is for temperatures up to 1050 
deg | Its weldability and machinability are fairly good, 


and it is used for steam and refinery service 


Grade C5. Service temperatures up to 1100 deg F are 
tolerated by this material. It has fair weldability and ma- 
chinability It satisfactorily resists the corrosive action of 
hydrogen sulfides and other sulfur gases (wet or dry). It is 
used for high-pressure refinery pumps, valves, plugs and 


fittings 


Grade C12. This steel is suitable for pressure containing 
parts for high-temperature service up to 1150 deg F. It has 
fair weldability and machinability. It is also used for steam 
refinery service, having a corrosion resistance superior to 


Git ide ( 


A352 Ferritic-Steel Castings for Pressure-Containing Parts 
Suitable for Low-Temperature Service. This specification 
covers steel castings for valves, flanges, fittings and other 
pressure containing parts especially intended for low-tempera- 
ture service. Four grades of ferritic steels are covered: LCB, 
LCI, LC2 and LC3. These steels are produced by the open 
hearth, electric furnace or induction process. 

The recommended minimum service temperature is the 
lowest temperature at which these materials will meet the 
impact requirements of 15 ft-lb called out in the specifica- 
tion For LCB, the minimum temperature is 50 deg F 
Grade LCI] has a minimum service temperature of 
deg F, for LC2 it is 100 deg F, and for LC3 it is —150 
deg F. 

All castings made of these materials receive a heat treat- 


ment proper to their design and chemical composition. The 
heat treatment is generally performed before machining, ex- 
cept in instances where reheat’ treating is necessary. Heat 
treatment may consist of normalizing, or normalizing fol- 
lowed by tempering at a temperature below the critical range. 
Liquid quenching followed by drawing is sometimes used. 
Each casting is tested after machining to the hydrostatic 
shell test pressures prescribed in the American Standard for 
Steel Pipe Flanges and Flange Fittings (ASA B16.5). Minor 
casting defects can be repaired by welding. Defects which 
are not considered minor are those in the case of a casting 
which leaked during hydrostatic testing; or where the depth 
of the cavity exceeds 20 per cent of the wall thickness, or 
| in.; or where the extent of the cavity exceeds approximately 


10 sq in. 


Design Considerations ~ 


Castings are produced with these steels by pouring molten 
steel of the desired composition into a mold of the desired 
configuration. The mold material may be silica, zircon 
or olivine sand, graphite, metal or ceramic. Choice of mold 
material depends on the size, intricacy and accuracy of the 
casting, and on cost. 

The producible size, surface finish and dimensional ac- 
curacy of castings vary widely with the type of mold. How- 
ever, the properties of the cast steel are not affected signifi- 
cantly. Steel castings produced in any of the various types 
of molds, and wrought steel of the same chemical composi- 
tion respond similarly to heat treatment, have the same 
weldability and similar physical and chemical properties. 
Cast steels, however, do not exhibit the effects of directional- 
ity on mechanical properties that are typical of wrought steel. 

The longitudinal properties of rolled or forged steel are 
somewhat higher than the properties of cast steel or weld 
metal. However, the transverse properties are lower by an 
amount that depends on the amount of working. When 
service conditions involve multidirectional loading, the non- 
directional characteristics of cast steels is advantageous. 


Volumetric Changes 


When steels are cast, all volume changes of the metal are 
important, whether occurring in the liquid state, during 
solidification, or in the solid state. Volume changes that 
occur in the liquid state as the cast meta! cools affect the 
planning for adequate metal to fill the molds. Contraction 
is of the order of 0.9 per cent per 100 degF for a 30 per 
cent carbon steel. The exact amount of contraction will 
vary with the chemical composition, but it is usually within 
the range from 0.8 to 1 per cent per 180 degF for carbon 
and low-alloy steels. For cast carbon and low-allow steels, 
a solidification contraction of 3 per cent is generally as- 
sumed. 

The greatest amount of contraction occurs as the solidified 
metal cools to room temperature. Solid state contraction 
from the solidus to room temperature varies between 6.9 
and 7.4 per cent as a function of carbon content. Other 
alloying elements have no significant effect on the amount 
of this contras*ien. The rigid form of the mold hinders 
contraction as: results in the formation of stresses within 
the cooling casting which may be great enough to cause 
fracture or hot tears. Proper relation of casting configura- 
tion to accommodate contraction is one of the most important 
factors in successfully producing a casting. 


Effect of Mass 


The size of a casting has a marked effect on its mechanical 
properties. In sizes up to 8-in. square, as size increases ten- 
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sile strength decreases. Most of the total effect occurs as 
size is increased to 4-in. square. The difference between the 


as-cast and annealed tensile strength is minor—differences in 
elongation and reduction of area are much more significant. 

This reflects the influence of hardenability and microstruc- 
ture, as modified by heat treatment, on mechanical proper- 
ties. An increase in effective thickness results in a decrease 
in average elongation and reduction of area, and a decided 
decrease in impact resistance. Essentially, there is less re- 
sponse to heat treatment in thicker sections. 


Fatigue Limit 

The fatigue limit is the maximum stress that a metal will 
withstand for a specified large number (usually ten million) 
of cycles of stress. The fatigue limit, or endurance limit, 
for smooth machined castings is generally about one-half the 
tensile strength, but is reduced considerably by notches or 
a rough as-cast surface. 


impact Resistance 

The toughness, or impact resistance of cast steels depends 
on microstructure, chemical composition, strength, hardness 
and soundness. This is true for both cast and wrought steels. 
Gress inclusions, segregation and high gas content, singly 
or in combination, will cause large variations in impact re- 
sistance wrought or cast steel, and may decrease it to a 
dangerously low level. 


Elastic Constants 

As determined at room temperature, the elastic constants 
of alloy-steels used for steel castings are little affected by 
composition or structure. The modulus of elasticity is about 
30 million psi, Poisson’s ratio is 0.3, and the modulus of 
rigidity is 11,200,000 psi. 


Fabrication 


Dimensional tolerances for rough castings are influenced 
by the quality of pattern equipment provided. In general, 
over-all dimensions and locations of cored holes can be held 
to 1/16 in. per foot. 


Castability 

Successful production of a steel casting involves considera- 
tion of the section thicknesses and their relation to each 
other in the casting, and section sensitivity as it may affect 
machinability. The ease with which the liquid metal will 
continue to flow in a mold is defined as fluidity, and de- 
pends upon its analysis and the pouring temperature. 

To have good fluidity, any steel must be well made and 
thoroughly deoxidized. Rimmed steels have a fluidity inferior 
to that of dead-ki'led steels. Also, dead-killed steels that are 
excessively high in deoxidizers, such as aluminum and silicon, 
have poorer fluidity than steels killed with just a sufficient 
amount of silicon and aluminum. The flowing qualities of 
carbon steel are improved moderately by increased amounts 
of manganese, and, up to certain limits, increased amounts 
of silicon and copper. A short, fast melting cycle is normally 
used when casting these materials, since high fluidity is 
associated with a short refining time, and steel of excellent 
fluidity is always desired in the running of castings. 


Machinability 

There is no significant difference in the machinability 
of steel made by different melting processes, nor between 
wrought and cast steel. As long as strength, hardness and 
microstructure are equivalent, machinability is equivalent. 

Alloy steel castings may be purchased with fine, medium, 
or coarse grain size, with a variety of microstructures, and 
with various degrees of hardness depending on the heat treat- 
ment employed. Grain size has a significant effect on the 
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machinability of steel, and it is generally agreed that some 
improvement in machining performance occurs with large 
grain size. Fine grain size usually produces excellent surface 
finish but gives less pieces for each grinding of the cutting 
tool. Alloy-steel castings are more difficult to machine than 
carbon-steel castings because some alloying elements are 
carbide formers. The elements that form carbides have the 
same effect as higher carbon content on machining proper- 
ties. However, if the carbide is spheroidized through heat 
treatment, the carbide forming elements cause no particular 
difficulty. 

The skin, or surface, on a sand-mold casting often wears 
down cutting tools rapidly, probably because of the adherence 
of abrasive mold materials to the casting. The skin is usual- 
ly considered to consist of the oxide scale as well as any 
base metal approximately 1% to 4 in. below the surface 
which may not be chemically or structurally equivalent to 
the base metal. The surface scale resulting from heat treat- 
ment also has a detrimental effect on machinability and 
must always be removed by pressure blasting prior to any 
machining operations. The first machining cut for steel 
castings should be a deep hogging cut, and the cutting speed 
should be less than for the lighter finishing touch of the base 
metal. This practice may be combined with low cutting 
speeds to give long tool life. 


The machinability rating often given is an arbitrary meas- 
ure of the relative ease of cutting a metal. One standard 
of comparison is a free-cutting grade of screw-machine steel. 
With this as 100 per cent, the machinability of WC1l, LCB, 
LCI, LC2 and LC3 is 60 per cent. The machinability rat- 
ing of WC4, WC5, WC6 and WC is 65 per cent; the rat- 
ing of 90-60, C5 and Cl2 is 70 per cent; the rating of 
105-85 is 60 per cent; the rating of 120-95 is 50 per cent; 
and the rating of 150-125 is 30 per cent. When a steel is 
heat treated to the extent that 175-145 is, it is generally not 


machinable. 


Weldability 


Alloy-steel castings are, in general, welded by the same 
process as that used for wrought alloy steel of similar com- 
position. The number and character of the alloying elements 
has a decided effect on the welding properties of castings. 


The filler rod should have a high degree of fluidity in the 
melted condition in order that impurities may be brought to 
the surface in the melting operation. In electric arc welding, 
usually electrodes are chosen so that the material when de- 
posited matches the composition of the base metal. Usually 
heavily coated electrodes are used. In virtually all instances, 
a heat treatment is desirable after welding has been com- 


pl eted. 


Multilayer welding and high currents can be employed if 
the carbon content of the base metal is low, but small diam- 
eter electrodes and low current are necessary when the car- 
bon content is high. Preheating and slower cooling are 
necessary with castings having higher carbon content. To 
prevent cracking in carbon and low-alloy cast steels, the 
hardness of the weld bead should not exceed 350 Brinell 
(DPH), except where conditions are such that only com- 
pressive forces result from the welding. In configurations 
where extreme restraint is involved, an even lower value is 
desirable. The table on the following page indicates when 
preheating and post heating are necessary. 


Thermit welding methods can be used with most low- 
alloy steel castings. With the thermit weld metal, it is 
possible to match the composition of the casting by the addi- 
tion of alloying elements to the thermit mixture. Where a 
thermit weld is used to repair a relatively small projection 
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Average Hardness 
of Weld Bead t : 
(Brinell DPH) Preheat Required Stress Relief Required 





Under 200 None None 

200-250 200 F Advisable 
250-300 400 F Necessary 
300-350 600 F Necessary without 
allowing to cool 
from preheat 


or small area or a heavy casting, the heat would be carried 
away into the casting so rapidly that fusion between the 
weld and the parent metal would be poor, if the casting were 
preheated at the weld only. Therefore, in this case, it is 
necessary to preheat the entire casting. 

Defects in castings may be repaired either by multi-pass 
welding—or by a deposit made as a cuntinuous puddle, pro- 
vided the area of the defect is not so large that the melt 
will solidify during welding. 


Welds in castings may be radiographed by gamma ray or 
X-ray methods to ascertain the degree of homogeneity of 
the welded section. Most common defects are incomplete 
fusion, slag inclusion and gas bubbles. Magnetic particle 
inspection is also useful in the detection of small cracks. 
Most cast specimens machined across the weld will break 
outside the weld, in the heat affected zone, in a tension test. 
This does not mean that the weld is stronger than the 
base metal. Closely controlled welding techniques and stress 
relieving are necessary to prevent brittleness in this heat 
affected zone. 


Heat Treatment 


When molten low-alloy steel is poured into a mold, and 
allowed to cool below the transformation range, it will have 
a coarse, as-cast structure. While the castings are in this 
condition, residual stresses from uneven cooling may be suf- 
ficient to cause rupture in the higher carbon steels during 
handling. ‘Therefore, when hardness is high or the castings 
are of such design as to be conducive to high residual 
stresses, a preliminary stress relieving of an annealing treat- 
ment may be required to obviate breakage in handling. 
These treatments should be started before the casting has 
cooled to less than 500 deg F. 


Full Annealing 


To accomplish this treatment, castings are heated above 
the transformation temperature range at a rate that will ob- 
tain a reasonable degree of uniformity of temperature within 
each casting. Recrystallization is completed as soon as the 
temperature rises above the transformation range. Within 
this range the rate of diffusion is rather slow but it increases 
rapidly with increasing temperature; consequently tempera- 
tures approximately 200 deg F higher than the transforma- 
tion temperature range are usually employed. Very small 
carbon-steel castings can be homogenized in a comparatively 
short time, larger carbon steel castings require longer times. 
Full annealing ordinarily produces good ductility values 
accompanied by tensile and yield strengths lower than those 
produced by the other methods of heat treatment, and impact 
values are usually low. A coarse grain structure results when 
high annealing temperatures are employed. 
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Normalizing 


In this treatment the castings are heated above the trans- 
formation temperature range in the same manner as for 
full annealing. Then, they are removed from the furnace 
and permitted to cool in still air. Normalizing is not a 
drastic hardening process. However, variations in rates of 
cooling will vary final mechanical properties. Lower strength 
and hardnesses may be expected in the heavier sections of 
a casting that contains both light and heavy sections. 


In this process castings are heated to some temperature 
range way above the upper transformation range for at least 
one hour per inch of maximum thickness, then they are 
cooled in still air. Homogenizing is important only for 
higher alloy steels prior to quenching operations for harden- 
ing. Air cooling from these temperatures seems to be bene- 
ficial in oreventing reversion of segregates found after cool- 
ing in the furnace. 


Liquid Quenching 


In this process the castings are heated above the trans- 
formation temperature range, are held above that range for 
a proper period of time, and are then cooled rapidly in a 
liquid bath. Water or oil may be used, depending on the 
rate of cooling required. The holding temperatures for 
quenching are usually about 100 deg F above the transforma- 
tion range. The time at temperature is 30 minutes to 
one hour or more per inch of maximum cross section, de- 
pending on the sluggishness of the alloy and the time re- 
quired for the carbides to go into solution. Quenching tanks 
should be of sufficient size, or the quenching medium should 
be sufficiently cool, to prevent a rise in temperature of 
more than 20 deg F during the quenching operation. Quench- 
ing should be continued until the temperature of the entire 
casting is lower than 500 deg F, or until a temperature is 
reached within the martensite range. 


Tempering 


This treatment, which follows normalizing or hardening 
operations, removes stresses set up in castings during non- 
uniform cooling. Tempering also increases ductility and im- 
pact resistance and decreases the tensile and yield strength 
of the hardened material. The castings are heated uniformly 
to the proper tempering temperature, are held at that tem- 
perature for approximately one hour per inch of section 
and are then cooled. The temperatures employed may range 
from 400 to 1275 deg F, depending on the hardness and 
other mechanical properties desired. When temperatures of 
less than 850 deg F are employed, the time at temperature 
is increased from the usual one hour per inch of cross sec- 
tion to insure the complete removal of residual stresses. 


Stress Relieving 


If the relief of stresses is the only consideration, tempera- 
tures lower than 500 deg F are of little value and tempera- 
tures higher than 1000 deg F are usually not required. Tem- 
peratures of 750 deg F reduce stresses approximately 3 
per cent and temperatures of 1000 deg F will reduce stresses 
to about 90 per cent. However, tempering temperatures 
lower than 700 deg F are seldom used in the treatment of 
commercial steel castings. In fact, temperatures higher than 
900 deg F are usually employed. 


Case Hardening 


Case hardening methods may be used on any of the low- 
alloy cast steels. 
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Plain Carbon Steels 





AISI Types 1010 and 1015 


Data applies to all ty unless noted. 
Values are typical ae noted. 


Hot rolled bars, strip, sheet, plate; cold drawn bars; 

. . cold rolled bars; wire; cold headed parts; auto body 

available in stock cold finished and annealed; pipe and tubing; tin 
plate; galvanized sheets. 


Structural Shapes, Plates, Strip, Sheets and Welded Tubi 
Cc Mn P, max 
0.08-0.13 0.30-0.60 0.040 
0.12-0.19 0.30-0.60 0.040 


Hot and ete | Bars, se * “ae 


n 
0.08-0.13 0.30-0.60 0.040 
0.13-0.18 0.30-0.60 0.040 


analyses > 


Physical Properties Elongation in 2 Inches (per cent) 
Bar, l-in. round 
Melting — Range (deg F) .. 2750-2775 Hot rolled and turned . (C1010 
Modulus of Elasticity (psi) ...... 29-30 x 10° \ EOS) 
Density (lb per cu in.) 0.283 Cold drawn . (C1010 
Electrical Resistivity (microhm-cm) 14.3 . {EI01s 
— bo ner Ab/deg F) .... 0.10-0.11 Round bar, mock carburized 
erma nductivity = . 
(Btu/hr/sq ft/deg F/ft) 7 - — a cool, reheat to 1425F, quench in 
Coefficient of Thermal Expansion iin diem canter (C101 
(per deg F) 8.4x 10° ie, diam, center (C101 
2-in. diam, 1% radius (C1015 
4-in. diam, 1% radius . (C1015) 


Mechanical Properties Reduction in Area (per cent) 


. . Bar, l-in. round 
Ultimate Tensile Strength (psi) ain ill aad Gaiaah 67.1 (C1010 


(CIOIS 


: 66. 
Bar, l-in. round 
’ ] d , 
Hot rolled and turned 44300 (C1010) prieeas ‘Sioiss 
ad 60000 SCLOIOS 
Co aw A 
alban: 67,000 CCI0155 Ultimate Shearing Strength (psi) 


Bar, hot rolled and cold drawn , 

WEEE 75 cacacohamamendens 55-77,000 (C1010) Bar, |-in. round 
64-84,000 (C1015) Hot rolled and turned : (C1010 

9/16-1% in. 55-75,000 C1010) : (C1015 
62-82,000 (C1015 Cold drawn (C1010 
53-70,000 (C1010) (C1015) 
55-75,000 (C1015) 


Round bar, mock carburized Hardness Number (Brinell) 


(1675F for 8 hr, furnace cool, reheat to 1425F, quench in Ber, I-tn, sound 


water, draw at 350 F) 

ide, diem, euler (Ci015p Hot rolled and turned Ciols 

l-in. diam, center 

2 in. diam, ¥ radius 70 {CIN Cold drawn C1010) 
Round bar, mock carburized 


4-in. diam, 2 radius (C1015 
(1675 F for 8 hr, furnace cool, reheat to 1425F, quench in 
Yield Strength in Tension (psi) water, draw at 350 F) 
Offset = 0.2 per cent Y,-in, diam, center (C101 
l-in. diam, center (C101 
2-in. diam, Y2 radius ci01 
C1015 


Bar, i-in. round 
’ . . | . 

Hot rolled and turned (C1010) 4-in. diam, ' radius 

(C1010) ' 

tched-Bar Impact Test (ft-lb) 

(C1015) ote P 

Round bar, mock carburized Charpy test, 

(1675F for 8 hr, furnace cool, reheat to 1425 F, quench in Charpy test, 68 F 

water, draw at 350 F) Charpy test, 0F 

\,-in. diam, center 60,000 (C1015) Izod, V-notch test, 

l-in. diam, center 44,000 Izod, V-notch test, 

2-in. diam, % radius ............. 41,375 Izod, V-notch test, 

4-in, diam, 1. radius 39,000 (C1015) Izod, V-notch test, 


Cold drawn 


(C1010 


KERBRN 


(C1015 
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Elevcted Temperature Properties 


Tensile Strength (psi) 

TO} 60.000 
400 I 70,000 
ROO I 50.000 
1200 I 1) 00K 


Yield Strength (psi) 

70 F 45.000 
400 I $5,000 
ROO | 25,000 
1200 F 10,000 


Elongation in 2 Inches (per cent) 
TF 

400 I 

ROO | 

1200 F 


Reduction in Area (per cert) 
i ; F 
400 | 
800 | 

1200 I 


Creep Strength (psi) 

Load for per cent elongation in 10,00 
ROO | 1), 
L000 | 

1200 I 


Rupture Stress (psi) 


Load to cause stress rupture 
0 | 
0 | 
1200 1 
1400 } 


(C1015) 
(C1015) 
(C1015) 
(C1015) 


(C1015) 
(C1015) 
(C1015) 
(C1015) 


(C1015) 
(C1015) 
(C1015) 
(C1015) 


(C1015) 
(C1015) 
(C1015) 
(C1015) 


(C1015) 
(C1015) 
(C1015) 


(C1015) 
(C1015) 
(C1015) 
(C1015) 


Low-Temperature Properties 


Tensile Strength (psi) 
As rolled 

701 66.300 
R5 Ff 80.700 
292 | | 


yw) 


Yield Strength (psi) 


As rolled 
70 } 


85 I 


Elongation in 2 Inches (per cent) 


As rolied 
10) | 
RSI 
292 I 


Reduction in Area (per cent) 


As rolled 
70! 
85] 
292 | 


Notched-Bar Impact Test (ft-lb) 


As rolled, Charpy V-notch 

68 I 

32 I 

OF 

Normalized, Charpy Vee-notch 
25 F 


0) F 


(C1010) 
(C1010) 
(C1010) 


(CIOS) 
(C1015) 


Treatment Temperatures 

Annealing Temperature (deg F).... 1000-1350 (C1010) 
: 5 1600-1650 (C1015) 
Normalizing Temperature (deg F) . . . 1650-1750 (C1010) 
= . = 1650-1700 (C1015) 

Quenching Temperature (deg F) ... . 1650-1700 

Carburizing Temperature (deg F)... . 1650-1700 
Process Annealing Temperature Py 
(deg F) Sg Pry e 1000-1350 (C1015) 


Characteristics 


AISI types C1010 and C1015 are low-carbon steels of the 
plain-carbon type. They are produced both as rimmed and 
killed steels. Rimmed steel is usually used for sheet, strip, 
wrought, and wire stock, where excellent surface finish or 
good drawing qualities are required. It is also used for cold- 
heading wire in tacks and rivets, and other low-carbon 
wire products. Killed steel (usually aluminum killed or 
special killed) is used for difficult stampings or where non- 
aging properties are needed. Silicon killed steels are pre- 
ferred for forging or heat-treating applications. 

As a general rule, steels with a higher percentage of 
alleying agents are more expensive. However, 1010 steel 
is usually cheaper than 1008 steel. Type 1010 is a little 
stronger and a little less ductile and formable than 1008. 
Type 1008 is usually used for applications like automobile 
fenders where formability and drawing ability are impor- 
tant. Since 1010 is less expensive, it is often used in simi- 
lar applications when the requirements for drawing and 
forming are less exacting. Also, in some applications, the 
higher strength of 1010 may be advantageous for surface 
hardened parts. 

Type 1015 steel is a popular carburizing grade of steel. 
It can be strengthened by cold-working or surface hardened 
by carburizing or cyaniding. In the hot or annealed con- 
dition, 1015 steel is relatively soft and has good weldability 
and formability. 

Both of these steels are used in the as-rolled condition, 
where ease of forming and joining are important and where 
the more expensive higher carbon grades of steel are not 
needed. Where stiffness rather than strength is important, 


they are especially useful. 


Fabrication 


Machinability 


These steels have only fair machining properties; both 
having a machinability rating of about 50 per cent, when 
at a hardness of approximately 130 to 170 Brinell (based 
on BI112 = 100 per cent). 

Actually, these steels are very difficult to machine when 
they are in the annealed condition, since they are soft and 
adhere to the cutting tools. Quenching, tempering, and 
cold drawing increases the strength level and lowers the 
ductility of the chips, thereby increasing machinability. 

Cold-rotied 1010 and 1015 steel turns fairly well, leav- 
ing a good finish in spite of the tendency to cut with a 
continuous chip. When turning with the high-speed steel 
tool, a rake angle of 8 deg and a relief angle of 6 deg is 
recommended, With sintered-carbide tools no coolant is 
used, and a rake angle of 0 deg and a relief angle of 4 
deg is recommended. Cutting speeds for high-speed steel 
tools should be about 90 sfpm; sintered-carbide tools should 
have a cutting speed of about 260 sfpm. 

Drilling of these steels is done with high-speed steel drills 
or carbon-steel drills with an ordinary 118-deg included 
point angle. Recommended speed is 80 to 110 sfpm, where 
surface speed is based on OD of the drill. 
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Formability 


Hot-rolled 1010 and 1015 steels can be formed to the 
extent defined by ASM Severity Class 2; which means these 
types of operations are possible: (1) 90-deg bend with a 
minimum radius of 1% times the thickness on stock up 
to 0.250-in. thick. (2) 180-deg bend with a minimum radius 
of 3% thickness on stock up to 0.090-in. thick. (3) 10 per 
cent stretch in a drawing operation. 

Cold-rolled 1015 can be given a 90-deg bend with a 
radius equal to the thickness (ASM Severity Class 1). Cold- 
rolled 1010 can be formed to ASM Severity Class 2. This 
is equivalent to a 180-deg bend with a 0.0l-in. minimum 
radius, or, a drawing operation with 10 per cent stretch. 
Commercial quality sheet is satisfactory for all of these 
operations, although killed steel should be specified for the 
more severe forming operations. Rimmed steel should be 
specified where cold-rolled or coated sheets must be free 
from the effects of strain aging for a long time. 


Weldability 


These steels are readily welded by most are and gas proc- 
esses. Preheating is unnecessary unless parts are very heavy, 
or welding is performed at an ambient temperature below 
32 F. Torch heating the area to be welded to 70 F offsets 
the effects of low temperature. Postheating is necessary only 
for critical structures, such as boilers, pressure vessels, and 
piping. 

When gas welding, a neutral flame is frequently used 
for these steels. Increased welding speeds are possible, how- 
ever, by using a slightly reducing flame. A reducing flame 
carburizes the kerf surfaces, thereby lowering the melting 
temperature and making possible the fusion of the deposited 
metal to the plate at a lower temperature. Welded joints 
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made in this way are high quality, and the fusion zone is 
fairly ductile. However, subsequent heat treatments may 
be necessary. 

All arc welding processes can be used, and almost any 
type of electrode (bare, dust-coated, washed or dipped, 
shielded arc, or flux coated) may be used. Carbon arc 
welding is also practical for these steels, with the results 
depending on the technique employed. Gas-shielded tung- 
sten-are welding is usable only on killed steels; rim steels 
produce porous, weak welds. 

Resistance welding is readily accomplished. Heat treat- 
ment after welding is not necessary. 

Brazed joints with these steels can be quite strong if the 
proper techniques are followed. The joint surfaces are tinned 
by means of a suitable flux and copper alloy brazing rod. 
Then, the rod is melted into the space between the sur- 
faces to he joined. With recently developed rods, tensile 
strengths on the order of 55,000 psi can be obtained in 


the weld. 


Characteristics 


These steels rust in atmospheric and natural-water ex- 
posure, are rapidly attacked by most acid solutions, and 
deteriorate at high temperatures. 

Methods of processing do affect the corrosion rate, but 
not to a very significant extent. Corrosion rate is at a 
maximum when tempering of martensite is done between 
700 and 800 deg F. Cold working increases, stress relieving 
reduces, and normalizing or annealing produces the lowest 
corrosion rate. 

Types 1010 and 1515 steels can only be protected from 
corrosion by suitable coatings. Both of these steels are avail- 
able in zinc-coated, hot-rolled sheets. 








Plain Carbon Steels 


AISI Types 1020 and 1025 





Data applies to all t unless noted. 
Values are typical unless noted. 


. . Hot rolled bars, billets, slabs, plate, sheet, strip, wire, 
available in > cold rolled bars, cold drawn bars, shapes. 


Structural Shapes, Plates, Strip, Sheets and Welded Tubing 

Cc Mn P, max S, max 
1020... 0.17-0.24 0.30-0.60 0.040 0.050 
1025... 0.21-0.28 0.30-0.60 0.040 0.050 


analyses . 
Hot and Cold-Finished Bars, Rods, Tubes 
Cc Mn P, max S, max 
1020... 0.18-0.23 0.30-0.60 0.040 0.050 
0.22-0.28 0.30-0.60 0.040 0.050 


Physical Properties Bar, mock carburized 
(1675 F for 8 hr, furnace cooled to 1425 F, quenched 


—— . in water, drawn at 350 F) 

Modulus of Elasticity (psi) : Y,-in. diam, center 72,000 
Melting Temp Range (deg F) .. l-in. diam, center 54,000 
Density (ib per cu in.) 0.283 9-in. diam Y, radius 43,750 
Electrical Resistivity (microhm-cm) 14.3 4in. diem. 4, radius 43,250 
Specific Heat (Btu/lb/deg F) .... 0.10-0.11 Bar, water ‘quenched and tempered 
Thermal Conductivity _ (specimen 0.505 in. diam at center) 

(Btu hr/sq ft/deg F/ft) 27 Draw temp, 400 
Coefficient of Thermal Expansion Deew temp, 

(per deg F) 84x 10°¢ Draw temp, 

Draw temp, 


Elongation in 2 Inches (per cent) 


Bar, I-in. round 


: Hot rolled and turned . 
Mechanical Properties as oe - 9 (C1025) 


Tensile Strength (psi) 


Bar, I-in. round (1675 F for 8 hr, furnace cooled to 1425 F, quenched 
Hot rolled and turned 50,460 in water, drawn at 350 F) 
61,000 _ diam, center . (C1020) 
Cold drawn 70,050 -in. diam, center . (C1020) 
80,200 2-in. diam, Gj radius 
4-in. diam, i, radius 
Bar, hot rolled and cold drawn 
To 9/16- in. 70~- 90,000 Bar, water quenched and tempered 
102,000 (specimen 0.505 in. diam at center) 
88,000 Draw temp, F 


82. 
EE rr eas 68-— 88, 

80-100,000 Draw temp, 600 
CE a ll Draw temp, 

72- 92,000 Draw temp, 


Bar, mock carburized Reduction in Area (per cent) 
(1675 F for 8 hr, furnace cooled to 1425 F, quenched . 
in water, drawn at 350 F) Bar, l-in. round 
\4-in. diam, center ............. 129,000 (C1020) Hot rolled and turned 66.1 
l-in. diam, center ... 89,000 (C1020) 648 
2-in. diam, radius peas 75,500 (C1020) 59.4 
4-in. diam, 2 radius ee 71,250 (C1020) Cold drawn 59.2 
Bar, water quenched and tempered - 
(tensile specimen 0.505 in. diam at center) Bar, mock carburized 
Draw temp, 400F .... 103,000 (C1025) (1675 F for 8 hr, furnace cooled to 1425 F, quenched 
Draw temp, 6O0F ... 101,000 (C1025) in water, drawn at 350 F) 
Draw temp, I000F .......... 92,000 (C1025) Y,-in. diam, center 29.4 
Draw temp, 1200F ..... 86,000 (C1025) l-in. diam, center 64.2 
2-in. diam, 2 radius 67.9 
Yield Strength (psi) 4-in. diam, 2 radius 67.6 
Offset 2 per cent Bar, water quenched and tempered 
Bar, |-in. round (specimen 0.505 in. diam at center) 
Hot rolled and turned . Draw temp, F 
Draw temp, 


Cold drawn : Draw temp, 
Draw temp, 
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Hardness Number (Brinell) 


Bar, l-in. round 
Hot rolled and turned 


Cold drawn 


Bar, mock carburized 

(1675 F for 8 hr, furnace cooled to 1425 F, quenched 
in water, drawn at 350 F) 

Y,-in. diam, center 

l-in. diam, center 

2-in. diam, Y% radius 

4-in. diam, 2 radius 

Bar, water quenched and tempered 
(specimen 0.505 in. diam at center) 
Draw temp, F 

Draw temp, 

Draw temp, 1000 F 

Draw temp, 


Shear Strength (psi) 


Bar, l-in. round 
Hot rolled and turned 


Cold drawn 


Elastic Limit in Shear (psi) 


Bar, l-in. round 
Hot rolled and turned 


Cold drawn 


Elevated Temperature Properties 


Tensile Strength (psi) 


Creep Strength (psi) 


Load for 1 per cen: elongation in 10,000 hrs. 
800 F 


1000 F 


Low-Temperature Properties 


Tensile Strength (psi) 


1961 Edition 


(C1020) 
(C1020) 
(C1020) 
(C1020) 


(C1020) 
(C1020) 
(C1020) 
(C1020) 


(C1020) 
(C1020) 
(C1020) 
(C1020) 


(C1020) 
(C1020) 
(C1020) 
(C1020) 


Yield Strength (psi) 


Notched-Bar Impact Test (ft-lb) 
Normalized, Charpy Keyhole-notch 


Treatment Temperatures 


Annealing Temperature (d . -1600-1650 
Normalizing T Temperature ( rely p. . 1650-1750 
ie wee. emperature (deg F)....1600-1675 
rburizing Temperature (deg F).... 1650-1700 
Annealing Temperature 


Characteristics 


These steels have better strength and hardness than 1010 
or 1015, but reduced cold-formability. For heat-treating 
purposes, they are commonly known as carburizing or case- 
hardening grades. When uniform response to heat-treatment 
is required, or for forgings, killed steel is preferred. For 
other uses, semikilled or rimmed steel may be desirable, 
depending on the combination of properties desired. Rimmed 
steels can ordinarily be supplied up to 0.25 per cent carbon 
with no trouble. In general, 1020 steel can be used for thin 
sections, or for water-quenched parts. Type 1025 can be 
used for heavier sections, or where oil quenching is desired. 

These steels, especially 1025, are sometimes used for forged 
parts. Forgings made of 1025 usually machine better in the 
as-forged condition, without annealing. Forgings are also 
machined after normalizing. 

In carburizing applications, with a given quench, 1025 will 
have a higher core hardness than 1020. The higher carbon 
content also permits the use of thicker sections to get an 
equivalent core hardness. Type 1020 is more often used 
for carburized parts than 1025, since 1025 steel, with its 
higher carbon content, approaches those steels generally con- 
sidered as forging grades. 

Type 102 is similar to 1015, though it is somewhat 
stronger and jess easily cold formed. In the case-hardened 
condition, it has higher core strength than 1015. Soft spots 
in the case can be guarded against by specifying that the 
steel be “normal” in the McQuaid-Ehn Test. The type 
which gives an “abnormal” structure will have soft un- 
hardened areas. 

Types 1020 and 1025 ure widely used for low-strength 
bolts. 1020 is used for cold-formed parts, such as auto- 
mobile fan blades, which require higher strength than 
ordinary cold-forming steels. Both of these steels are used 
in the case-hardened condition for internal combustion 
engine parts where core strength is not critical. They are 


25 





DESIGN DATA 
also used for lightly stressed gears with hard wearing surfaces 


and for case-hardened pins and chains. 


Fabrication 


Machinability 


Both steels have fairly good machining properties. Type 
1020 steel, when cold drawn to 137-174 Brinell, has a ma 
chinability rating of 65-70 per cent (based on B1112=—100 
per cent). Type 1025 steel has a machinability rating of 
about 64 per cent. Best machining of these steels is realized 
when they are in the as-rolled, as-forged, annealed, or 
rormalized conditions. Cold-rolled 1020 and 1025 steel turns 
well, leaving a good finish in spite of the tendency to cut 


with a continuous chip 


Formability 


Hot-rolled 1020 and 1025 steels can be formed to the 
extent defined by ASM Severity Class 2; which means these 
A 90-deg bend with a 
minimum radius of 1% times the thickness on stock up 


thick » A 180-deg bend with a minimum 


types of operation’ are possible: 1. 


to 0.250-in 
radius of % thickness on stock up to 0,090-in. thick. 3. 
A 10 per cent stretch in a drawing operation. 
Cold-rolled 1020 can be given a 9%-deg bend with a 
radius equal to the thickness (ASM Severity Class 1). 
Commercial quality sheet is satisfactory for all of these 
operations, although killed steel should be specified for the 
more severe forming operations. Rimmed steel should be 
specified where cold-rolled or coated sheets must be free 


from the effects of strain aging for a long time 


Weldability 


These steels are readily welded by most arc and gas 


Preheating is unnecessary unless parts are very 


processes. 
} 


veavy or welding is performed at an ambient temperature 


below 321 Torch heating of the area to be welded to 70F 


offsets the effects of low temperatures. Postheating is necessary) 
only for critical structures, such as boilers, pressure vessels, 
and piping. 

In gas welding, a neutral flame is frequently used. In- 
creased welding speeds are possible, however, by using a 
slightly reducing flame. This type of flame carburizes the 
kerf surfaces. Welded joints made in this way are of high 
quality, and the fusion zone is usually fairly ductile. 

All arc-welding processes can be used, and almost all types 
of electrodes (bare, dust coated, washed or dipped, shielded 
arc, or flux coated). Carbon-arc welding is also practical 
for these steels, and the results depend on the technique 
employed. Gas-shielded tungsten-arc welding is usable only 
on killed steels; it produces porous, weak welds on rimmed 
steels. 

Type 1020 is easily resistance welded. Type 1025 steel, 
especially if fairly heavy sections are involved, may require 
heat treatment to slow the cooling rate and avoid hard- 
ness when resistance welded. 

Brazing produces a good joint with both of these steels. 
The joint surfaces are tinned by means of a suitable flux 
and a copper-alloy brazing rod, then the rod is melted into 
the joint. With recently developed rods, strengths of about 
55,000 psi can be obtained in the weld. 


Corrosion Resistance 


These steels rust in atmospheric and natural-water ex- 
posure, are rapidly attacked by most acid solutions, and 
deteriorate at high temperatures. They are satisfactorily re- 
sistant to most alkalis at room temperature. 

Methods of processing do affect the corrosion rate, but not 
to a significant extent. Corrosion rate is at a maximum 
when martensite is tempered between 700 and 800F. Cold 
working increases, stress relieving reduces, and normalizing 
or annealing produces the lowest corrosion rate. 

Types 1020 and 1025 steels can only be protected from 
corrosion by suitable coatings. Both of these steels are 
available in zinc-coated hot-rolled sheets. 
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available in > 


Physical Properties 


29-30 x 108 
2700-2750 
0.283 

19 
0.10-0.11 


Modulus of Elasticity (psi) . 
Melting Temp Range (deg F) 
Density (ib per cu in.) : 
Electrical Resistivity (microhm-cm) 
Specific Heat (Btu/lb/deg F) . 
Thermal Conductivity 

(Btu/hr/sq ft/deg F/ft) 
Coefficient of Thermal Expansion 

(per deg F) 


7 


8.3 x 10° 


Mechanical Properties 
Tensile Strength (psi) 


Bar, l-in. round 

72,000 
79,100 
83.500 
90,500 


Hot rolled and turned 


Cold drawn 


Bar, hot rolled and cold drawn 
To 9/16 in 88—108,000 
93—1 13,000 
§3~103,000 
86~106,000 
76— 96,000 
80—100,000 


in 


in. 


Bar, water quenched and tempered 

at center) 
123,000 
126.000 
116,000 
122,000 
97,000 
102,000 
87,000 
92.000 


(tensile specimen 0.505 in. diam 


Draw temp, 400 F 
600 F 


Draw temp, 


Draw temp, 1000 F 


Draw temp, 1200F 


Yield Strength (psi) 


Offset 2 per cent 

Bar, l|-in. round 

44,100 
48,500 
76,000 
83,000 


Hot rolled and turned 


Cold drawn 


Bar, water quenched and tempered 

).505 in. diam at center) 
93,000 
95,000 


(tensile specimen 
Draw temp, 400 F 
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(C1030) 
(C1035) 
(C1030) 
(C1035) 


(C1030) 
(C1035) 
(C1030) 
(C1935) 
(C1030) 
(C1035) 


(C1030) 
(C1035) 
(C1030) 
(C1035) 
(C1030) 
(C1035) 
(C1030) 
(C1035) 


(C1030) 
(C1035) 
(C1030) 
(C1035) 


(C1030) 
(C1035) 


Plain Carbon Steels 


AISI Types 1030 and 1035 


Data applies to all types unless noted. 
Values are typical unless noted. 


Hot rolled bars, billets, slabs, plate, sheet, strip, wire, 
cold rolled bars, cold drawn bars, shapes. 


Structural Shapes, Plates, Strip, Sheets and Welded Tubing 
Cc Mn 
0.27-0.35 0.60-0.90 
0.31-0.39 0.60-0.90 


S, max 
0.050 
0.050 


P, max 
0.040 
0.040 


1030 
1035 
and Cold-Finished Bars, Rods, Tubes 
Cc Mn 
0.28-0.34 0.60-0.90 
0.32-0.38 0.60-0.90 


Hot 
S, max 
0.050 
0.050 


P, max 
0.040 


0.040 


1030 
1035 


90,000 
92,000 
75,000 
80,000 
64,000 
69,000 


(C1030) 
(C1035) 
(C1030) 
(C1035) 
(C1030) 
(C1035) 


Draw temp, 600 F 


Draw temp, 1000F 


Draw temp, 1200 F 


Elongation in 2 Inches (per cent) 


Bar, 
Hot rolled and turned 


l-in. round 

(C1030) 
(C1035) 
(C1030) 
(C1035) 


Cold drawn 


Bar, water quenched and tempered 
(specimen 0.505 in. diam at center) 
Draw temp, 400F . (C1030) 
(C1035) 
(C1030) 
(C1035) 


Draw temp, 600F . 


Draw temp, 1000 F 


Draw temp, 1200F 


(C1035) 


Reduction in Area (per cent) 


Bar, l-in. round 

Hot rolled and turned (C1030) 
(C1035) 
(C1030) 
(C1035) 


Cold drawn 


Bar, water quenched and tempered 
(specimen 0.505 in. diam at center) 
Draw temp, 400F .... (C1030) 
(C1035) 
(C1030) 
(C1035) 
(C1030) 
(C1035) 
(C1030) 
(C1035) 


Draw temp, 600F .. 


Draw temp, 1000 F 


Draw temp, 1200F .. 


Hardness Number (Brinell) 


Bar, |-in. round 

(C1030) 
(C1035) 
(C1030) 
(C1035) 


Hot rolled and turned 
Cold drawn 


Bar, water quenched and tempered 
(at surface of |-in. rod) 
Draw temp, 400F ... (C1030) 


(C1035) 
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Draw temp, 600 F 


Draw temp, 1000 F 


Draw temp, 1200 F 


Shear Strength (psi) 


Bar, |-in. round 
Hot rolled and turned 


Cold drawn 


Elastic Limit in Shear (psi) 


Bar, l-in. round 


Hot rolled and turned 


Cold drawn . 


(C1030) 
(C1035) 
(C1030) 
(C1035) 


Elevated Temperature Properties 


Tensile Strength (psi) 


70 F 

400 F 
800 F 
1000 F 


Yield Strength (psi) 


70 F 
400 F 
800 F 
1000 F 


Elongation in 2 Inches (per cent) 


70 F 
400 F 
800 F 
1000 F 


Reduction in Area (per cent) 
70 F 

400 F 

800 F 

1000 F 


Creep Strength (psi) 


Load for | per cent elongation in 10,000 hrs. 

800 F ei 8~25,000 
900 F aie 5-15,000 
1000 F 5,000 
1100 F ‘ 2,000 
1200 F oe 1,000 


Low-Temperature Properties 


Tensile Strength (psi) 


(C1030) 
(C1030) 
(C1030) 
(C1030) 


Yield Strength (psi) 


Notched-Bar Impact Test (ft-lb) 


Water quenched from 1575 F, tempered at 1000 F, Charpy 
Keyhole-notch 


Treatment Temperatures 


Forging Temperature (deg F) 
humaine Temperature ( re F) 

Normalizing Temperature (deg F)... 1600-1700 
Censhinn Youguntens (deg F)....1525-1575 


Characteristics 


Types 1030 and 1035, often called water-hardening steels, 
are on the low end of the medium-carbon types. These 
medium-carbon steels are selected instead of low-carbon 
steels where their higher mechanical properties are needed. 
Their hardness and strength can be increased by heat treat- 
ment or cold-working. Usually, they are produced as killed 
steels. They are excellent for small parts of moderate 
strength. 

Type 1030 is often used for cold-headed parts. Before 
cold heading, 1030 is usually spheroidized annealed, but 
sometimes it is just normalized or annealed to improve 
workability. Then, it is quenched and drawn for final 
properties. It can be machined after heat treatmerit as long 
as hardness is held below 320 Brinell. For gears and sprock- 
ets requiring better strength, it can be surfaced hardened in 
a cyanide or activated bath. 


Type 1035 is similar to 1030, but it has slightly higher 
hardenability and higher strength. Like 1030 it has moder- 
ate strength and hardness in the as-rolled or as-forged con- 
dition and can be strengthened by cold-drawing. The pres- 
ence of residual alloys may raise the hardenabiiity and 
cause cracking of 1035 when it is water-quenched. 

Both of these steels are used for forging; the selection of 
which one being governed by the section size and the phys- 
ical properties desired after heat treatment. Type 1030 can 
be used for small forgings where moderate properties are de- 
sired, but the deeper hardening 1035 is more applicable for 
more critical parts where a higher strength level and more 
uniformity are essential. Very large forgings at similar 
strength levels need a steel with more carbon content, and 
perhaps more manganese. 
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These steels are also widely used for parts machined from 
bar stock. They are used both with and without heat 
treatment, depending on the application and the level of 
properties needed. Type 1030 is sometimes used for cold- 
formed parts, such as bolts and studs, and small forgings. 
Typical applications of 1035 are shafts, bolts, and other me- 
dium-strength parts. It may be water-quenched, or quenched 
in brine or caustic and used for gears and sprockets of 
moderate strength. 


Fabrication 
Machinability 


Both of these steels have relatively good machining 
properties. Type 1030 steel has a relative machinability 
of S7-65 per cent (based on B-112—100 per cent) when 
cold drawn to 170-212 Brinell. Type 1035 steel has a 
machinability rating of 65-70 per cent when cold drawn 
to 174-217 Brinell. Hot rolled 1035 steel has a machin- 
ability rating of 70 per cent. 

Best machining properties for these steels are realized 
when they are in the as-rolled, as-forged, annealed, or nor- 
malized condition. Cold-rolled 1030 and 1035 steel turns 
well, leaving a good finish in spite of the tendency to cut 
with a continuous chip. 


Formability 


Cold-rolled 1030 and 1035 steels have tensile strengths 
too high and ductilities too low for any practical degree 
of cold formability. Some cold forming of hot-rolled sheets 
is possible. 

Hot-rolled 1030 can be given a 90-deg bend with a radius 
equal to the thickness on sheets up to 0.090 in. thick. Bends 
of 90 deg, with a radius of twice the thickness, are possible 
on sheets up to 0.250 in. thick. Drawing operations are not 
practical. 


Weldability 


These steels may be welded by the electric-arc, electric- 


DESIGN DATA 


resistance, gas, and thermit processes. 

Best weld strength in oxyacetylene welds can be obtained 
with a reducing [lame to increase carbon content of both 
the kerf surfaces and the filler material. Usually little 
trouble is caused by the formation of hard and brittle con- 
stituents when the material is cooled rapidly. However, 
the quality of the finished joint will be improved if it is 
heat treated after welding. 

The quality of an arc-welded joint depends on the car- 
bon content of the base metal. Rapid cooling may produce 
martensitic structures. The formation of such structures 
in the fusion zone tends to make these areas hard and 
brittle. Preheating temperatures from 300 to SOOF have 
been found effective for eliminating and reducing the hard 
and brittle areas. A better method is postheating to 1100- 
1200 F. 

With gas or arc-welding processes it is not necessary that 
the composition of the filler material exactly match the 
parent metal. However, when uniform response to heat 
treatment is important, filler and parent metal must have 
similar compositions. 

Types 1030 and 1035 can be joined to each other by re- 
sistance welding, or they can be joined to other plain-carbon 
steels. The joints will be hard and brittle unless subsequent- 
ly heat treated. Brazing is easily accomplished, since this 
takes place at temperatures below the critical points of 
the steel. 


Corrosion Resistance 


These steels rust in atmospheric and natural-water ex- 
posure, are rapidly attacked by most acid solutions, and de- 
teriorate at high temperatures. 

Methods of processing affect the corrosion rate, but not 
to a significant extent. Corrosion rate is at a maximum 
when martensite is tempered between 700 and 800F. Cold 
working increases, stress relieving reduces, and normalizing 
or annealing produces the lowest corrosion rate. These 
steels can only be protected from corrosion by suitable 
coatings. 
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Plain Carbon Steels 


AISI Types 1040 and 1045 


all types unless noted 
unless noted 


Data applies t 


Values are typical 


available in > 


Physical Properties 
Modulus of Elasticity (psi) 29-30 x 10° 
Melting Temp Range (deg F) 2700-2750 
Density (/b per cu in.) 0.283 
Electrical Resistivity (microhm-cm) 19 
Specific Heat (Btu/lb/deg F) 0.10-0.11 
Thermal Conductivity 
(Btu/hr/sq ft/deg F/ft) 27 
Coefficient of Thermal Expansion 


(per deg F) 8.3 x 10“ 


Mechanical Properties 
Tensile Strength (psi) 


Bar, l-in. round 

Hot rolled and turned 83,580 
87.000 
99.750 
102,500 


Cold drawn 


Bar, hot rolled and cold drawn 
To 9/16 in 98-1 18,000 
98-1 18,000 
Tal . 90-1 10,000 
95-11 

ir SOH- 1 U6 .UK 
87-107,000 


Bar, water quenched and tempered 


5 000 


(tensile specimen 0.505 in. diam at center) 
100 I 10,08 
165,000 
128,001 
156,000 
17,000 
120,000 
46 U0 
105,000 


Draw tem! 
Draw temr 
Draw temy 


Draw temy 


Yield Strength (psi) 
Offset 2 per cent 


Bar, l-in. round 

33,200 
54,100 
92,000 
93,450 


Hot rolled and turned 
Cold drawn 


Bar, water quenched and tempered 


(tensile specimen 0.505 in. diam at center) 


i ) 





Billets and forging stock, forgings. Also hot rolled, 
annealed, cold rolled, and cold drawn rod and strip. 


Structural Shapes, Plates, Strip, Sheets and Welded Tubing 


Cc 
0.36-0.45 


0.42-0.51 


Mn 
0.60-0.90 
0.60-0.90 


P, max 
0.040 
0.040 


and Cold-Finished Bars, Rods, Tubes 


analyses } C 
0.37-0.44 


0.43-0.50 


Draw temp, 400 F 


Draw temp, 600 F 


Draw temp, 1000 F 


Draw temp, 1200 F 


Mn 
0.60-0.90 
0.60-0.90 


Elongation in 2 Inches (per cent) 


Bar, l-in. round 
Hot rolled and turned 


Cold drawn 


Bar, water quenched and tempered 


(C1040) 
(C1045) 
(C1040) 
(C1045) 


Draw temp, 400 F 


Draw temp, 600 F 


Draw temp, 1000 F 


(C1040) 
(C1045) 
(C1040) 
(C1045) 
(C1040) 
(C1045) 


Draw temp, 1200 F 


Bar, l|-in. round 


(C1040) Hot rolled and turned 


(C1045) 
(C1040) 
(C1045) 
(C1040) 
(C1045) 
(C1040) 
(C1045) 


Cold drawn 


Draw temp, 400 F 
Draw temp, 600 F 
Draw temp, 1000 F 


Draw temp, 1200 F 


(C1040) 
(C1045) 
(C1040) 
(C1045) 


Bar, |-in. round 
Hot rolled and turned 


(specimen 0.505 in. diam at center) 


Reduction in Area (per cent) 


Bar, water quenched and tempered 


(specimen 0.505 in. diam at center) 


Hardness Number (Brinell) 


P, max 
0.040 
0.040 


97,000 
128,000 
95,000 
119,000 
86,000 
93,000 
73,000 
77,000 


163 
187 


S, max 
0.050 
0.050 


S, max 
0.050 
0.050 


(C1040) 
(C1045) 
(C1040) 
(C1045) 
(C1040) 
(C1045) 
(C1040) 
(C1045) 


(C1040) 
(C1045) 
(C1040) 
(C1045) 


(C1040) 
(C1045) 
(C1040) 
(C1045) 
(C1040) 
(C1045) 
(C1040) 
(C1045) 


(C1040) 
(C1045) 
(C1040) 
(C1045) 


(C1040) 
(C1045) 
(C1040) 
(C1045) 
(C1040) 
(C1045) 
(C1040) 
(C1045) 


(C1040) 
(C1045) 
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Cold drawn 

Bar, water quenched and tempered 
(at center) 

Draw temp, 400 F 

Draw temp, 600 F 

Draw temp, 1000 F 


Draw temp, 1200 F 


Shear Strength (psi) 


Bar, l-in. round 
Hot rolled and turned 


Cold drawn 


Elastic Limit in Shear (psi) 


Bar, l-in. round 
Hot rolled and turned 


Cold drawn 


83,100 
85,900 
85,600 
86,400 


32.200 
35,600 
36.000 
36,800 


(C1040) 
(C1045) 
(C1040) 
(C1045) 


(C1040) 
(C1045) 
(C1040) 
(C1045) 


Elevated Temperature Properties 


Creep Strength (psi) 


Load for | per cent elongation in 10,000 hrs. 


800 F 
900 F 
1000 F 
L100 F 
1200 F 


Low-Temperature Properties 


Tensile Strength (psi) 


Annealed 
70 F 
300 F 
Heat Treated 


70 F 
300 F 


Yield Strength (psi) 
Annealed 


70 F 

300 F 
Heat Treated 
70 F 

300 F 


Elongation in 2 Inches (per cent) 
Annealed 


70 F 
300 F 
Heat Treated 
TOF . ; 
300 F .. 


Reduction in Area (per cent) 


Annealed 
70 F 
300 F 
Heat Treated 
70 F 
300 F 
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8-25,000 
5-15,000 


5,000 
2,000 
1,000 


79,400 
139,400 


104,400 
160,400 


45,800 
114,100 


76,900 
150,200 


(C1040) 
(C1040) 


(C1040) 
(C1040) 


(C1040) 
(C1040) 


(C1040) 
(C1040) 


(C1040) 
(C1040) 


(C1040) 
(C1040) 


Notched-Bar Impact Test (ft-Ib) 
Normalized, Charpy Keyhole-notch 


Treatment Temperatures 


Initial Forging Temperature (deg F) 2350-2100 
Finish Forging Temperature (deg F) 1850-1600 


A ling Temperature (deg F)....1450-1500 
mmr “ee 0 1450-1525 


Normalizing Temperature (deg F)... 1625-1675 
a oe 1575-1675 


enching Temperature (deg F)....1525-1575 
* . - os 1475-1550 


Characteristics 


Type 1040 and 1045 steel are toward the high end of 
the medium-carbon steels. They accept hardening and 
heat treatment very well, and are ordinarily produced as 
killed steels. 

Both of these steels can be selectively hardened by in- 
duction or flame hardening methods. For some applications, 
such as cylinder-head studs, 1040 and 1045 steels are fre- 
quently cold drawn to specified physical properties for use 
without heat treatment. Large forgings made with these 
steels will have moderate strength levels. These steels are 
also used for small forgings where high hardness after oil 
quenching is desired. Suitable heat treatment is necessary 
on forgings to provide machinability. 

Type 1040 steel is very similar to 1035, though with a 
little higher strength and hardness. Type 1045 steel is noted 
for its flame-hardening ability, which will produce a surface 
hardness of 500 Brinell to depth of 0.10 in. This applies 
particularly to shafts and gears. In general, it has medium 
strength in the as-rolled or as-forged condition and can 
be heat treated by a quench in water or cil. It forges 
satisfactorily and is fair in brazing. It is used for parts 
requiring medium strength and for parts with a wearing 
surface. It is not as reliable as alloy steels in response to 
heat treatment. 

Some typical applications of 1040 steel are crankshafts, 
connecting rods, steering arms, couplings, thrust washers, 
studs, gears, and sprockets. Type 1045 is often used for 
crankshafts, connecting rods, shafts, splined shafts, couplings, 


and thrust washers. 


Fabrication 


Machinability 


Both of these steels have fair machining properties. Type 
1040 has a machinability rating (based on B1112=100 per 
cent), of 60 per cent when in the mill-annealed condition 
with a 179-229 Brinell. When hot-rolled to about 201 
Brinell, 1040 steel has a machinability rating of 63 per 
cent. When cold-drawn at 207 Brinell, 1040 steel has a 
machinability rating of 65 per cent. 1045 steel, when mill- 
annealed to 179-229 Brinell, has a machinability rating 
of 72 per cent. In the as-rolled cold-drawn condition, it 
has a machinability rating of 60 per cent. 

Best machining properties for these steels are usually 
realized when they are in the as-rolled, as-forged, annealed, 
or normalized condition. However, depending on section 
size and rate of cooling, these steels, especially 1045, may 
be a ‘ittle too hard as forged for best machining. 
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Weldability 

These steels may be welded by the electric arc, electric 
resistance, gas, and thermit processes. 

Best weld strength for oxyacetylene welds can be ob- 
tained if a reducing flame is used to increase carbon 
content of both the kerf surfaces and the filler material. 
Usually, little trouble is caused by the formation of hard 
and brittle constitutents. However, quality of the finished 
joint will be improved if it is heat treated after welding. 


The quality of an arc-welded joint in these steels de- 
pends on the carbon content of the base metal. Rapid 
cooling may produce martensitic structures; the formation 
of such structures in the fusion zone tends to make these 
areas hard and brittle. Preheating temperatures from 300 
to SOOF have been found effective in eliminating and re- 
ducing the hard and brittle areas. A better method is post- 
heating to 1100-1200 F. 

With gas or arc welding processes the composition of 
the filler material need not exactly match the parent metal. 
However, when uniform response to heat treatment is im- 
portant, filler and parent metal should have similar com- 


positions. 

Types 1040 and 1045 steels can be joined to each other 
by resistance welding, or they can be joined to other plain 
carbon steels. The joints wiil be hard and brittle un- 
less subsequently heat treated. 

Brazing is easily accomplished, since this process takes 
place at temperatures below the critical points of the steel. 
With recently developed copper-alloy rods, strengths of 
approximately 55,000 psi can be obtained in the welds. 


Corrosion Resistance 


These steels rust in atmospheric and natural-water ex- 
posure, are rapidly attacked by most acid solutions, and 
deteriorate at high temperatures. 

Methods of processing affect the corrosion rate, but not 
to a significant degree. Corrosion rate is at a maximum 
when martensite is tempered between 700 and 800 deg F. Cold 
working increases, stress relieving reduces, and normalizing 
or annealing produces the lowest corrosion rate. 
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Plain Carbon Steels 


AISI Types 1050, 1055 and 1060 





Data applies to all types unless noted. 
Values are typical unless noted. 


i Billets and forging stock, forgings. Also hot rolled, 
analyses annealed, cold rolled, and cold drawn rod and strip. 


Structural Shapes, Plates, Strip, Sheets and Welded Tubing 


Cc Mn S, max 
0.47-0.56 0.60-0.90 . 0.050 
0.50-0.60 0.60-0.90 . 0.050 
0.54-0.66 0.60-0.90 . 0.050 


Hot and Cold-Finished Bars, Rods, Tubes 


available in b Cc S, max 
7 0.48-0.55 . : : 0.050 

0.50-0.60 . A! . 0.050 

0.55-0.65 , . . 0.050 


Physical Properties Hot rolled 


Modulus of Elasticity (psi) 30 x 108 Cold drawn 


Density (lb per cu in.) Bar, |-in. round, water quenched and tempered 
Electrical Resistivity (microhm-cm) (tensile specimen 0.505 in. diam at center) 
win ; Draw tem 400 F 
Specific Heat (Btu/lb/deg F) ... 0.10-0.11 P, 
i S- : Draw temp, 600 F 
Draw temp, 1000 F 


Draw temp, 1200 F 


Thermal Conductivity _ 
(Btu/hr/sq ft/deg F/ft) 


Coefficient of Thermal Expansion 

(per deg F) Bar, |-in. round, oil quenched and tempered 
(tensile specimen 0.505 in. diam at center) 

? - Draw temp, 600 F 104,000 

Mechanical Properties 113,000 

: Draw 105,000 

Tensile Strength (psi) Draw temp, - 95,000 

Bar 111,000 

Annealed .. 93,000 Draw temp, i000 F . 84,000 

97,000 97,000 

Hot rolled . 105,000 Draw temp, 1200 F . 68,000 

109,000 77,000 

112,000 

Cold drawn ...... ee 114000 Elongation in 2 Inches (per cent) 


Bar, I-in. round, water quenched and tempered Bar 

(tensile specimen 0.505 in. diam at center) pS es ae 24 
Draw temp, 400 F . ‘ 163,000 Hot rolled ... ry 15 
Draw temp, GOO F ......:c8s cee. 157,000 19 
Draw temp, 1000 F Preaee ‘ 125,000 11 


Draw temp, 1200 F .... oki xgae (ee Cold drawn 9 


Bar, l-in. round, oil quenched and tempered . 
(tensile specimen 0.505 in. diam at center) Bar, 1-in. round, water quenched and tempered 
D 600 F 142.000 (tensile specimen 0.505 in. diam at center) 

raw temp, y 3 . eee hoy 


160,000 Draw temp, 400 F . 8 
Draw temp, 700 F . 150,000 Draw temp, 600 F ....... 12 
Draw temp, 800 F ........ ... 137,000 Draw temp, 1000 F .............. 23 

156,000 Draw temp, 1200 F . 29 
Draw temp, 1000 F - se 127,000 

140,000 Bar, l-in. round, oil quenched and tempered 
Draw temp, 1200 F ..... cease) Oe (tensile specimen 0.505 in. diam at center) 

115,000 Draw temp, 600 F . 


Yield Strength (psi) Draw temp, 800 F 


Offset = 2 per cent Draw temp, 1000 F .. 


Bar 
Annealed : Draw temp, 1200 F . 
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Reduction in Area (per cent) 


Bar 


Annealed 


Hot rolled 


Bar, |-in. round, water quenched and tempered 
(tensile specimen 0.505 in. diam at center) 

Draw temp, 400 F 26 
Draw temp, 600 F 36 
Draw temp, 1000 F 58 
Draw temp, 1200 F ie 65 


Bar, |-in. round, oil quenched and tempered 
(tensile specimen 0.505 in. diam at center) 
Draw temp, 600 F 


Draw temp, 800 F 
Draw temp, 1000 F 
Draw temp, 1200 F 


Hardness Number (Brinell) 


Bar 
Annealed 


Hot rolled 


Bar, |-in. round, water quenched and tempered 
(at center of 0.505 in. diam cut) 
Draw temp, 400 F 
Draw temp, 600 F 
Draw temp, 800 F 
Draw temp, 1000 F 
Draw temp, 1200 F 


Myw 
BBs 
awu oy 


Bar, 1-in. round, oil quenched and tempered 
(at center of 0.505 in. diam cut) 
Draw temp, 600 F . 


Draw temp, 800 F 

Draw temp, 1000 F 

Draw temp, 1200 F 

Bar, normalized 1650 F, air cooled 
4 in., center 

1 in., Y% radius 

1 in., center 

2 in., Y, radius 


4 in., center 
4in., radius 


Notched-Bar Impact Test (ft-Ib) 
Izod 


Annealed 


Hot rolled 


Treatment Temperatures 


Annealing Temperature (deg F) 1500-1575 


Normalizing Temperature (deg F) 


Quenching Temperature (deg F) 


34 


(C1050) 


(C1050) 
(C1060) 
(C1050) 
(C1060) 
(C1050) 
(C1060) 
(C1050) 
(C1060) 


(C1055) 
(C1060) 
(C1055) 
(C1060) 


(C1050) 
(C1055) 


(C1050) 
(C1060) 
(C1055) 


Characteristics 


These are plain-carbon steels of the high-carbon type, 
having more carbon than is required to achieve maximum 
as-quenched hardness. They are used principally where 
the high carbon content is needed to improve wear 
characteristics. 

Cold-forming methods are not practical with this group 
of steels. The only exceptions are the cold-forming operations 
used to make flat stampings and springs. Practically all 
parts made from these steels are heat treated before use. 

Strength of these steels increases with increasing carbon 
content. All of them have high surface hardness when 
heat treated, have relatively good toughness, and have good 
forging characteristics. They are shallow hardening, and 
the useful section size is limited. Parts requiring high 
hardness are water quenched, and parts requiring strength 
are oil quenched. 

Typical applications include battering tools, ground work- 
ing tools, springs, shafts, collars, heavy machinery parts, 
wrenches, hammers, pliers, screw drivers, axes and knife 
blades. Because of their high strength and low cost, they 
are used for parts of agricultural implements, such as 
control rods, shafts, and parts used for turning earth. 


Machinability 


Best machinability is obtained when the steel is an- 
nealed so that just enough carbon will be spheroidized to 
keep the strength within the best machining range— 
tensile strength 100,000 psi or hardness of 200 Brinell. 

The machinability rating of 1050 steel is, when mill 
annealed to 179-229 Brinell, 70 per cent (based on B1112 = 
100 per cent). When cold-drawn and annealed, 1050 and 
1055 have a machinability rating of 55 per cent. The ma- 
chinability rating of 1060 steel is 60 per cent when it is 
cold-drawn and spheroidized-annealed to 183 Brinell. 


Weldability 


These steels are more difficult to weld than the low and 
medium-carbon steels. Care should be taken to prevent over- 
heating of parts, and welds should be completed as quickly 
as possible. These materials tend to spark when over- 
heated and should be cooled when this condition occurs. 
High-carbon steels melt at a lower temperature than the 
low-carbon steels. 

A carburizing flame should be used when gas welding 
these parts to secure strong, sound welds. High-carbon 
filler rods are often used, although setistactory results can 
be obtained with medium-carbon filler metal. This pro- 
duces a weld of only moderate strength; however, the in- 
crease in ductility is often beneficial. 

These steels do not have good mechanical properties 
after arc welding. For best results, the parts should be pre- 
heated to at least 500F before welding, and postheated 
to 1200-1450 F. 


Corrosion Resistance 


These steels rust in atmospheric and natural-water ex- 
posure, are rapidly attacked by most acid solutions, and 
deteriorate at high temperatures. 

Methods of processing affect the corrosion rate, but not 
to a significant degree. Corrosion rate is at a maximum 
when tempering of martensite is done between 700 and 
800 deg F. Cold working increases, stress relieving reduces, 
and normalizing or annealing produces the lowest corrosion 
rate. 
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Resulphurized Steels 


AISI Types B1112, B1113, C1113, C1212, C1213 and SAE 12114 





Data applies to all types unless noted. 
Values are typical unless noted. 


Wide variety of sizes and shapes, such as rounds, squares, 


available in hexagons, and flats. 


Mn P S 
BI112 0.70 -0.90 0.07-0.12 0.16-0.23 
Cl212 0.70 -1.00 0.07-0.12 
analyses C1113 0.10-0.16 1.00 -1.30 0.40Max 0.24-0.33 
BIII3 0.13Max 0.70 -1.00 0.07-0.12 0.24-0.33 
C1213 0.70 -1.00 0.07-0.12 0.24-0.33 
12L14...... 0.15Max 0,080-1.20 0.04-0,09 0.28-0.35 0.15-0.35 Lead 


Hardness Number (Brinell) 


Bar, 1-in. round 
Physical Properties Hot rolled and turned gl M2) 


Cold drawn ‘BI 
BI112) 


Modulus of Elasticity (psi) 
Density (lb per cu in.) } 
Electrical Resistivity a 5 mae 14.3 
Specific Heat (Btu/Ib/degF) .... 0.10-0.11 : 
Thermal Conductivity Shear Strength (psi) 

(Btu/hr/sq ft/deg F/ft) ... 27 Bar, l-in. round 
Coefficient of Thermal Expansion Hot rolled and turned oils 


(per deg F) oa ee 8.4x 10°¢ BIZ 
BII12) 
(BII113) 


Cold drawn 


Mechanical Properties 
Elastic Limit in Shear (psi) 


Tensile Strength (psi) —— 
Bars, I-in. round Hot rolled and turned ..... 


Hot rolled and turned . ; 5, (BI112) 
¢BII13) Cold drawn 
(C1113) 
Cold drawn .. ” ; . 83,000 (B1112) 
, (BI113) 


(C1113) Ultimate Maximum Twist (deg) 


Bar, l-in. round 
Yield Point (psi) Hot rolled and turned ... Matte 
(BI113) 
Bars, I-in. round Cold drawn ( (BI112) 


Hot rolled and turned . aor . 41,100 (BI1112) (BI113) 
41,000 the 
38,000 Cc i es : 
Cutt dee ... 76,000 TE Elastic Limit in Twist (deg) 
73,000 (B1113) . 
Bar, l-in. round 
Hot rolled and turned. . 3. (BI112) 
Elongation in 2 Inches (per cent) L (BII13) 
Cold drawn : (BI112) 
Bar, 1-in. round . (BII113) 
Hot rolled and turned ...... (B1112) 
(BI113) 
ES Notched-Bar Impact Test (ft-lb) 
(BII113) Charpy Vee-notch 
(C1112) Longitudinal fiber orientation 
Transverse fiber orientation 


iu 


Cold drawn ........ 


— et ees UD 
Om onl 
o~ 


Reduction in Area (per cent) 


Bar, I-in. round 


Hot rolled and turned 57. Guz) Treatment Temperatures 


Cold drawn _ 502 (BIII2) 
. (BI113) Carburizing Temperature (deg F)....1450-1700 


1961 Edition 





DESIGN DATA 


Characteristics 


These steels are nonkilled, free-machining screw stocks. 
Even though they are now produced in basic open hearth 
and electric furnaces, are well as in acid Bessemer furnaces, 
some people prefer to retain the old term of Bessemer screw 
stocks. They have excellent machinability, improving with 
the percentage of sulfur. 

SAEI112 is often considered to be the equivalent of AISI 
B1112 and C1212. However, there are differences in compo- 
sition between BI112 and C1212, even though the SAE 
specification for 1112 is broad enough to include both AISI 
steels. There is, also, a difference in the mechanical proper- 
ties. Type B1112 is a Bessemer steel and C1212 is a free- 
machining open-hearth steel. This difference makes C1212 
less ductile and formable. Type C1212 has better strength 
than B1112, but it is not as machinable. 

The B1113 is a Bessemer steel, having a composition very 
similar to C1213 and C1113, which are both free-machining 
open-hearth steels. Type C1113 is a little softer and more 
ductile than the high-sulfur Bessemer steel B1113, Type C1213 
is less ductile and formable but has better mechanical proper- 
ties. Type 121.14 is an alloy with a high sulfur content, plus 
the addition of lead to improve machining qualities. 

All of these steels, while cf excellent strength in the cold- 
drawn condition, have an unfavorable property of cold- 
shortness and are not.commonly used for vital parts. They 
are also subject to nonuniformity, particularly the Bessemer 
grades. They may be cyanided or carburized, but when best 
response for heat treating is necessary, killed open-hearth 
or killed electric-furnace steels are preferred. 

The special virtue of all of these steels is ease of machin- 
ing and superior surface finish. Types B1112 and BI1113 are 
only fair in case-hardening; C1113, C1213 and C1212 are 
just slightly better. Cold-heading and cold-forming opera- 
tions are impractical for all. 

These steels are used for parts made on screw machines, 
especially those which can sacrifice ductility and toughness 
for machinability. They are used for bolts, nuts, studs and 
screws; but not for vital parts or parts subjected to severe 


| 
stresses and shocks. 


Fabrication 
Mochinability 


These steels are unquestionably the best steels as far as 
machinability is concerned. As a matter of fact, B1112 steel 
is used as a standard for the machinability ratings given to 
other steels. Type B1113 is actually a little bit better. 

The sulfur which is added to these steels segregates in the 
form of isolated manganese sulfide inclusions. These inclu 
sions cause the chips to break short on machining. Manganese 
and phosphorus, which harden and embrittle the steel to 


contribute toward free machining, are also present. For a 
further improvement in machinability, lead is added to 
12L 14. 

The tightly curled chip caused by cutting these steels 
breaks readily. This is particularly helpful during milling, 
deep drilling, tapping, slotting, and reaming operations. In 
each of these operations, the chip is forced to move within a 
confined area. 

Resulfurized free-cutting steels cost more than plain-carbon 
steels with equivalent carbon content. Therefore, resulfurized 
grades should not be used unless the higher steel cost can 
be offset by lower machining costs. If machining operations 
remove less than 10 per cent of material from the original 
shape, plain carbon steel is probably cheaper. As the amount 
of metal machined off approaches 20 per cent, the resulfurized 
grades begin to have a lower total cost. Only when the 
required finish may be obtained in a primary operation with 
a free-cutting steel, and an ordinary steel would require a 
secondary finishing cut, can the use of a free-cutting steel 
be justified for a small amount of metal removal. 


Weldability 


Welding characteristics are very poor. It is possible to 
hald two pieces of these steels together by welding, but the 
joint will be brittle and low in strength. The high sulfur con- 
tent of these materials causes hot-short cracking and severe 
porosity in a welded joint. Also, the sulfur segregates at the 
weld surface. The tendency toward cracking and porosity 
may be slightly reduced by using a low-hydrogen electrode, 
but this practice is not always successful. 

Even though most leaded alloys can be welded, 12L14 has 
a high sulfur content. This makes it susceptible to the weld- 
ing troubles which the other resulfurized compounds have. 

These alloys may be brazed quite readily. The joint sur- 
faces are tinned by means of a suitable flux and a copper- 
alloy welding rod. With recently developed copper alloy 
rods, strengths of approximately 55,000 psi can be obtained 
in the welds. This process does not require the steel to be 
heated to as high a temperature as in fusion welding, a 
difference that is often a decided advantage. Brazing with 
boron and tin alloys, boron and copper alloys, and boron 
copper zinc alloys is also very successful. 


Corrosion Resistance 


These steels rust in atmospheric and natural-water ex- 
posure, are rapidly attacked by most acid solutions, and 
deteriorate at high temperatures. 

Methods of processing affect the corrosion rate, but not 
to a significant degree. Corrosion rate is at a maximum when 
martensite is tempered between 700 and 800 deg F. Cold 
working increases, stress relieving reduces, and normalizing 
or annealing produces the lowest corrosion rate. 
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Resulphurized Steels 


AISI Types 1117 and 1118 





Data applies to all types unless noted. 
Values are typical unless noted. 


R i Billets and forging stock, forgings. Also wide variety of 
available in b sizes and shapes, such as rounds, squares, hexagons, and 
flats. 


Cc Mn P, max S 


analyses > ... 014-020 100-130 0.040 (0,08-0.13 
0.14-0.20 1.30-1.60 0.040 (0,08-0.13 


Bar, normalized, air cooled 
4 in. diam, center (C1117) 
(C1118) 


1 in. diam, center (C1117) 
; (CI118) 


2 in. diam, '% radius ; (C1117) 
(C1118) 


eet hvepers B gag 29 4 in. diam, Y% radius | (C1117) 

Electrical Resistivity (microhm-cm) 14.3 , ( 8) 

es Fee - deg F) 0.10-0.11 Bar, l-in. round, carburized 8 hrs at 1700 F, oil quenched 

_ _(Btu/hr/sq ft/deg F/ft) .. 27 — 5 = 3 ses eeeseeseeeees yo cy 

— oe oo Expansion eli eo aon 500 F gemacatis 321000 (C1117) 
Draw temp, 600 F <i, ‘ 36,000 (C1117) 


Physical Properties 


Yield Strength (psi) 


Offset = 2 per cent 

, : Bar, 4-in. round, water quenched 

Tensile Strength (psi) Draw temp, 600 F ! (C1118) 
3 Draw temp, Py erage Geils sha..ea a (C1118) 

Ber, I-in. round Draw temp, 1000 F 104,730 (C1118) 


Hot rolled and turned (C1117) 
(C1118) 


(C1117) Elongation in 2 Inches (per cent) 


(C1118) 
Bar, normalized, air cooled Bar, l-in. round 
VY, in. diam, center <a , 69,750 (C1117) oe mn ‘ 

72.730 (C118) Hot rolled and turned ekbah aul _ lie 
67,750 (C1117) Cold drawn 16.9 (C1117) 
69,250 (C1118) ' 15.5 (C1118) 
67,000 (C1117) 
68,500 (C1118) ; i 
4 in. diam, % radius 63,750 (C1117) Ty ge cael pag 343 CLIT 
—" d, — 170 in. diam, center - 33.5 
“it quended 165 F 8 hrs at 1700 F, in. diam, % radius .............. 35 ccl1179 
Draw temp, 300 F a 139,000 (C1117) i ; ly, ; 
Draw temp, 400 F 137,000 (C1117) ie -— Cciiin 
Draw temp, 500 F ‘ : 136,000 (C1117) ) 
Draw temp, 600 F sesseeeee 131,000 (C1117) Bar, l-in. round, carburized 8 hrs at 1700 F 
Ber, %-1 oil quenched 1625 F 
ar, %4-in. round, water quenched Draw temp, 300 F 8 (CIT 
Draw temp, 600 F , , 180,700 (C1118) Draw temp, 400 F # 10 (cilin 
Draw temp, 800 F_ a 148,860 (C1118) Draw temp, ! P 12 (C1117) 
Draw temp, 1000 F 113,700 (C1118) Draw temp, 15 (C1117) 


Mechanical Properties 


Cold drawn 


| in. diam, center 


2 in. diam, Y2 radius 


Yield Point (psi) Reduction in Area (per cent) 


Bar, I-in. round Bar, I-in. round 
Hot rolled and turned , (C1117) Hot rolled and turned (CIII7) 
ee (C1118) (C1118) 
‘o rawn a (CIII7) Cold drawn . ; (CIIIT) 
(C1118) 56.5 (C1118) 
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Bar, normalized, air cooled 
4, in. diam, center . 


1 in. diam, center .... 
2 in. diam, Y2 radius 


4 in. diam, /. radius 


Bar, !-in. round, - + re 8 hrs at 1700 F, 
oil quenched 1625 F 

Draw temp, 300 F 

Draw temp, 400 F 

Draw temp, 500 F 

Draw temp, 600 F 


Hardness Number (Brinell) 


Bar, I-in. round 
Hot rolled and turned 
Cold drawn 


Bar, normalized, air cooled 
Y, in, diam, center 


1 in. diam, center 


2 in. diam, % radius 


4 in. diam, ' radius 


Bar, |-in. round, carburized 8 hrs at 1700 F, 
oil quenched 1625 F 


(measured at core) 
Draw temp, 300 F 
Draw temp, 400 F 
Draw temp, 500 F 
Draw temp, 600 F 


Hardness Number (Rockwell C) 


Bar, |-in. round, carburized 8 hrs at 1700 F, 
oil quenched 1625 F 


(measured on case) 
Draw temp, 300 F 
Draw temp, 400 F 
Draw temp, 500 F 
Draw temp, 600 F 


Shear Strength (psi) 


Bar, |-in. round 
Hot rolled and turned . 


Cold drawn 


Elastic Limit in Shear (psi) 


Bar, I-in. round 
Hot rolled and turned 


Cold drawn . 


Notched-Bar Impact Test (ft-lb) 
Bar, normalized, air cooled 

(at 68 F) 

4 in. diam, center 

1 in. diam, center . 

2 in. diam, % radius 


4 in. diam, 4 radius 


(C1117) 
(C1118) 
(C1117) 
(C1118) 
(C1117) 
(C1118) 
(C1117) 
(C1118) 


(C1117) 
(CIII7) 
(C1117) 
(CIII7) 


(C1117) 
(C1118) 


(C1117) 
°CIIIT 

C1117) 
(C1118) 


(C1117) 
(C1118) 


(C1117) 
(CII17) 
(C1117) 
(C1117) 


(C1117) 
‘ct 

CI11i7) 
(C1117) 


(C1117) 
CI 118) 

C1117) 
(C1118) 


(C1117) 
(C1118) 
(C1117) 
(C1118) 


(CIII7) 
(C1118) 
(C1117) 
(C1118) 
(CII17) 
(C1118) 
(C1117) 
(C1118) 


Treatment Temperatures 


Annealing Temperature i, By 1575-1625 cin 
eee «ay Nien gl eg F)...1650-1700 CI117) 
enchi emperature (deg F)....1450-1650 (C1117) 
sbasting Temperature (deg F). . . 1650-1700 (C1117) 


Characteristics 


Steels in this group are used where a combination of 
good machinability and uniform response to heat treatment 
is needed. Types C1117 and C1118 are free-machining open- 
hearth steels, less ductile and formable than C1015 but much 
easier to machine. They have better mechanical proper- 
ties than Bessemer steel (B1112 and BI1113) but are not 
quite as machinable. They are satisfactory for small amounts 
of cold-forming, and can be used for more important parts 
than Bessemer steel. They are forged and brazed readily. 

Type CIII7 is more ductile than BI112 or BI113 and 
has fairly good case-hardening characteristics. Type C1118 
has somewhat better casehardening characteristics and is 
used for about the same applications as C1117, except its 
greater hardenability makes C1118 better for solid parts or 
for parts with heavy walls. For more drastic quenching, 
or for lighter sections, C1117 is preferred. In cold-forming, 
C1118 is about the same as a plain-carbon steel with the 
same carbon content. 

Typical applications include those where good machin- 
ability and case hardening is required. Both of these steels 
can be satisfactorily hardened superficially in activated baths 
and subsequently heat treated. Typical uses are distributor 
cams, cam shafts, and universal joints. 


Fabrication 


Machinability 


These steels have a high sulfur content. This sulfur seg- 
regates in the form of manganese sulfide inclusions which 
causes the chips to break short during machining. Man- 
ganese and phosphorus also harden and embrittle the steel, 
contributing toward free machining. The end result of these 
alloying agents is a steel with excellent machining prop- 
erties. 

Type CI117 steel, when cold drawn to 143-179 Brinell, 
has a machinability rating of 85 per cent (based on B112 
= 100 per cent). When hot rolled to 137 Brinell, it has 
a machinability rating of 85 per cent. Type C1118 steel, 
when cold drawn to 143-179 Brinell, has a machinability 
rating of 80 per cent. 

The tightly curled chip caused by cutting these steels 
breaks readily. This is particularly helpful during milling, 
deep drilling, tapping, slotting, and reaming operations. In 
each of these operations, the chip is forced to move within 
a confined area. 

Resulfurized free-cutting steels cost more than plain- 
carbon steels with equivalent carbon content. Therefore, 
resulfurized grades should not be used unless the higher 
steel cost can be offset by lower machining costs. If ma- 
chining operations remove less than 10 per cent of the 
material from the original shape, plain-carbon steel is prob- 
ably cheaper. As the amount of metal machined off ap- 
proaches 20 per cent, the resulfurized grades begin to have 
a lower total cost. Only when the required finish may be 
obtained in a primary operation with a free-cutting steel, 
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and an ordinary steel would require a secondary finishing 
cut, can the use of a free-cutting steel be justified for a 
small amount of metal removal. 


Weldability 


The welding characteristics of these materials is very 
poor. It is possible to manage to hold two pieces of these 
materials together by welding, but the joint will be brittle 
and low in strength. The high sulfur content of these ma- 
terials causes hot short cracking and severe porosity in a 
welded joint. Also, the sulfur segregates at the weld sur- 
face. The tendency toward cracking and porosity may be 
slightly reduced by using a low-hydrogen electrode, but 
this practice is not always successful. 

Fortunately, these alloys may be brazed quite readily. 
The joint surfaces are tinned by means of a suitable flux 
and a copper-alloy welding rod. With recently developed 
copper-alloy rods, strengths of approximately 55,000 psi can 
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be obtained in the welds. This process does not require 
the steel to be heated to as high a temperature as in fu- 
sion welding, a difference that is often a decided advantage. 
Brazing with boron and tin alloys, boron and copper alloys, 
and boron-copper zinc alloys is also very successful. 


Corrosion Resistance 


These steels rust in atmospheric and natural-water ex- 
posure, are rapidly attacked by most acid solutions, and 
deteriorate at high temperatures. 

Methods of processing affect the corrosion rate, but not 
to a significant extent. Corrosion rate is at a maximum 
when martensite is tempered between 700 and 800 deg F. 
Cold working increases, stress relieving reduces, and nor- 
malizing or annealing produces the lowest corrosion rate. 





Resulphurized Steels 


AISI Types 1137, 1141, and 1144 





Data applies to all -_— unless noted. 
Values are typical unless noted. 


lable i Hot rolled bars, billets, slabs, plate. Cold rolled bars 
avaiable in and shapes such as rounds, squares, hexagons, and flats. 


Cc Mn P, max S 


" | . 0,32-0.39 1,35-1.65 0.040 0.08-0.13 
ane yses eo eee 0.37-0.45 1.35-1.65 0.040 0.08-0.13 
C1144 0.40-0.48 1.35-1.65 0.040 0.24-0.33 


Physical Properties Bar, normalized 1650 F, air cooled 
4 in. diam, center (C1137) 

: (C1144) 
Modulus of Elasticity (psi) 29 x in. di ' l 
Density (Ib per cu in.) 0.283 i So ee Seren 
Electrical Resistivity (microhm-cm) 19 9 in. di ly, radi 
Specific Heat (Btu/lb/degF) .... 0.10-0.11 eee Sere 
Thermal Conductivity ‘. 4 in. diam, 4 radius 

(Btu/hr/sq ft/deg F/ft) 21 “ 
Coefficient of Thermal Expansion 


(per deg F) 8.3 x 10° 


peeegusg 
S2S8ssses 


(C1144) 


Bar, l-in. round, oil quenched and tempered 
Draw temp, 1000 F ... 75,750 (C1137) 
Mechanical Properties 70 (CCNA 
Draw temp, 1100 F .......... 68,750 (C1137) 
Tensile Strength (psi) 93,000 (Cl141) 
68,000 (C1144) 
Bar, |-in. round Draw temp, 1200 F . — 68,750 (C1137) 
Hot rolled . 86,400 (C1137) 88,000 (C1141) 
90,000 (C1141) 68,000 (C1144) 
108,000 (C1144) 
Cold drawr 103,500 (C1137) 
110,300 (C1141) i i 
115000 (C1144) Elongation in 2 Inches (per cent) 
Bar, normalized 1650 F, air cooled Bar, 1-in. round : 
V4, in. diam, center 98,000 (C1137) Hot rolled .. aa i of cilaly 
i (C1144) , (C1144) 
| in. diam, center 97,000 (C1137) Cold drawn ; j ‘ (C1137) 
96,750 (C1144) (Cl141) 
2 in. diam, 2 radius 96,000 (C1137) q Cll44 
95,500 (C1144) (C1144) 
4 in. diam, % radius 94,000 (C1137) 
94,250 (C1144) Bar, normalized 1650 F, air cooled 


Bar, |-in. round, oil quenched and tempered ve &. Gam, ete .... 
Draw temp, 1000 I 108,000 (C1137) 1 in. diam, center . 
136,000 (C1141) 
” 108,500 (C1144) 2 in. diam, % radius . 
Draw temp, | 100,750 (C1137) 
128,000 (CI141) 4 in. diam, % radius 
102,750 (C1144) 
Draw temp, 1200 I 97,750 (C1137) 
121,000 (C1141) 
97,000 (C1144) Bar, l-in. round, oil quenched and — 
Draw temp, 1000 F 


R 


(C1137) 
(C1144) 
(C1137) 
(C1144) 
(C1137) 
(C1144) 
(C1137) 
(C1144) 


bo 
= 
=) 


vl 


NRMLYB 
inieindo ¢ 


i) 


(C1137) 
(C1141) 
(C1144) 
(C1137) 
(Cl141) 
(C1144) 
(C1137) 
(CI141) 
(C1144) 


Yield Point (psi) 


into le 


Bar, |-in. round Draw temp, 1100 F 
Hot rolled 5 (C1137) 
57 (C1141) 

(C1144) Draw temp, 1200 F 
Cold drawn (C1137) 
(C1141) 


SRBERRsSB! 
thin 


2 
vw 
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Reduction in Area (per cent) 


Bar, l-in. round 
Hot rolled 


Cold drawn 


Bar, normalized 1650 F, air cooled 
YY in. diam, center 


1 in. diam, center « 
2 in. diam, % radius 
4 in. diam, 1% radius .............. 


Bar, !-in. round, oil quenched and demen- 
Draw temp, 1000 F 


Draw temp, 1100 F 


vk SO? ee eee 


BRSSSSERF 


~ OL 


Hardness Number (Brinell) 


Bar, I-in. round 


Hot rolled 


Cold drawn 


Bar, normalized 1650 F, air cooled 


4 in. diam, center 
1 in. diam, center ... 197 


2 in. diam, 1% radius 5 197 
192 


4 in. diam, Y radius 197 


192 


Bar, I-in. round, oil quenched and tempered 
Draw temp, 1000 F . at 223 
293 
Draw temp, 1100 F 207 
269 
212 
Draw temp, 1200 F 201 


248 


Notched-Bar Impact Test (ft-Ib) 


Bar, normalized 1650 F, air cooled. Izod test 
Y in. diam, center 

1 in. diam, center 

2 in. diam, % radius 


4 in. diam, 1% radius 


l-in. round, oil quenched and tempered 
od temp, 1000 F ; 


Draw temp, 1100 F 


1961 Edition 


(C1137) 
(C1141) 
(C1137) 
(C1141) 


(C1137) 
(C1144) 
(C1137) 
(C1144) 
(C1137) 
(C1144) 
(C1137) 
(C1144) 


(C1137) 


(C1137) 
(C1141) 
(C1137) 
(C1141) 


(C1137) 
(C1144) 
(C1137) 
(C1144) 
(C1137) 
(C1144) 
(C1137) 
(C1144) 


(C1137) 
(Cl144) 

C1141) 
(C1137) 
(C1141) 
(C1144) 
(C1137) 
(C1144) 
(C1141) 


(C1137) 
(C1144) 


(C1137) 
(C1141) 
(C1144) 
(C1137) 
(C1141) 
(C1144) 


Draw temp, 1200 F (C1137) 
(Cl141) 


(C1144) 


Shear Strength (psi) 


Bar, I-in. round 


Hot rolled (C1137) 
(C1141) 


Cold drawn 87,250 (C1137) 
i (C1141) 


Elastic Limit in Shear (psi) 


Bar, I-in. round 


Hot rolled q (C1137) 
(C1141) 


Cold drawn 37,900 (C1137) 
(C1141) 


Treatment Temperatures 


Forging Temperature (deg F)....... 1950-2200 (C1141) 
pees Temperature (deg F).... 1450-1500F tliat 


Normalizing Temperature (deg F)...1550-1650 (C1137) 
1600-1700 (CI141) 


Quenching Temperature (deg F).... 1525-1600 (C1137) 
1500-1550 (C1141) 


Characteristics 


This group of steels has characteristics comparable to plain- 
carbon steels of the same carbon level, except for increased 
machinability caused by a high sulfur content. 

These steels are widely used for parts where a large 
amount of machining is necessary, or where threads, splines, 
or other operations offer special tooling problems. Type 
C1137, for example, is widely used for nuts, bolts, and studs 
with machined threads. Types C1141 and C1144 offer greater 
hardenability. These two are suitable for many oil quenched 
parts. All three of these steels may be selectively hardened 
by induction methods or flame heating if desired. 

Type C1137 has good heat-treating and brazing charac- 
teristics and is of fair forging quality. It can be used in the 
cold-drawn or heat-treated condition. It can be either oil 
or water quenched, though care is needed in water quench- 
ing. It can be induction or flame hardened, but not as well 
as C1141 or C1144. 

Type CII4l is an oil-hardening steel, and generally re- 
sponds better to heat treatment than C1137. It has good 
machinability and is used in the as rolled, cold drawn, and 
heat treated conditions. 

Type C1144 is similar to 1141, but with a slightly higher 
sulfur content for better machinability. 

Typical applications for C1137 are generator shafts, worm 
gears, wheel-puller bolts and other places where parts must 
resist wear and be tough, yet have good machinability. Types 
C1141 and C1144 are widely used for tool parts requiring 
large amounts of machining and toughness. 


Fabrication 
Machinability 


As far as machinability goes, these alloys are good, but 
not as good as most alloys in the free-cutting series. Machin- 
ability of C1137 (based on BI112 = 100 per cent) is 73 
per cent when cold drawn to 229 Brinell. Type C1141, when 
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cold drawn to 183-241 Brinell, has a machinability rating of 
70 per cent. Type C1144 has a machinability rating as- 
rolled of 76 per cent. In the annealed condition, its machin- 
ability rating is 85 per cent. The sulfur which is added to 
these steels forms manganese sulfide inclusions, which causes 
the chips to break short during machining. Manganese and 
phosphorous, which are also present, harden and embrittle 
the steel to help toward free machining. 

The tightly curled chip caused by cutting these steels 
breaks readily. This is particularly helpful during milling, 
deep drilling, tapping, slotting, and reaming. In each of these 
operations, the chip is forced to move within a confined area. 

Resulfurized free-cutting steels cost more than plain-carbon 
steels with equivalent carbon content. Therefore, resulfurized 
grades should not be used unless the higher steel cost can 
be offset by lower machining costs. If machining operations 
remove less than 10 per cent of the material from the original 
shape, plain-carbon steel is probably cheaper. As the amount 
of metal machined off approaches 20 per cent, the resulfur- 
ized grades begin to have a lower total cost. Only when the 
required finish may be obtained in a primary operation 
with a free-cutting steel, and an ordinary steel would require 
a secondary finishing cut, can the use of a free-cutting 
steel be justified for a small amount of metal removal. 


Welding 


The welding characteristics of these materials is very poor. 


It is possible to manage to hold two pieces of these materials 
together by welding, but the joint will be brittle and low in 
strength. The high sulfur content of these materials causes 
hot short cracking and severe porosity in a welded joint. Also, 
the sulfur segregates at the weld surface. The tendency toward 
cracking and porosity may be slightly reduced by using a 
low-hydrogen electrode, but this practice is not always suc- 
cessful. 

Fortunately, these alloys may be brazed quite readily. The 
joint surfaces are tinned by means of a suitable flux and 
a copper-alloy welding rod. With recently developed copper- 
alloy rods, strengths of approximately 55,000 psi can be ob- 
tained in the welds. This process does not require the steel 
to be heated to as high a temperature as in fusion welding, 
a difference that is often a decided advantage. Brazing with 
boron and tin alloys, boron and copper alloys, and boron- 
copper-zine alloys is also very successful. 


Corrosion Resistance 


These steels rust in atmospheric and natural-water exposure, 
are rapidly attacked by most acid solutions, and deteriorate 
at high temperatures. 

Methods of processing affect the corrosion rate, but not to 
a significant degree. Corrosion rate is at a maximum when 
martensite is tempered between 700 and 800 F. Cold working 
increases, stress relieving reduces, and normalizing or anneal- 
ing produces the lowest co-rosion rate. 
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Low Alloy Steels 


AISI Types, 4130, 4140 and 4150 





Data applies to all types unless noted. 
Values are typical unless noted. 


° ° (4130) Blooms, billets, bars, forgings, strip, tubing. 
available in (4140) (4150) Blooms, billets, bars, forgings. 


Cr Cc Mn P,max S,max Mo 


analyses * 4130............ 080-110  0.28-0.33 0.40-0.60 0.040 0.040 0.15-0.25 
0.80-1.10 0.38-0.43 0.75-1.00 0.040 0.040 0.15-0.25 
0.80-1.10  0.48-0.53 0.75-1.00 0.040 0.040 0.15-0.25 


Physical Properties Bar, oil quenched and tempered 

(tensile specimen 0.505 in. diam at center) 
Modulus of Elasticity (psi) ...... 29-30 x 108 ae ea, See diye 
Density (lb per cu in.) 212,000 
Electrical Resistivity (microhm-cm) Draw temp, 1000F 151,000 
deg F v4 22.2 165,000 
212 deg F .... 27.1 169,000 
752 deg F ..... 52.9 Draw temp, 1200 F 122,000 
Specific Heat (Btu/Ib/degF) .... 0.10-0.11 poy 

Thermal Conductivity , 
(Btu/sec/sq ft/deg F/in.) 


”) 
OORe Yield Point (psi) 


939 x a Bar, l-in. round, hot rolled, turned, and polished 
1292 {pernr aes 0.060 
Coefficient of Thermal Expansion (per deg F) 
32-212 deg F 6.2 x 10°¢ : 
30.572 des F ....... «69x 108 Unannealed 
32-932 deg F 7.5 x 10° 


9) 
ra 
912 
“ale 
na79 


Bar, l-in. round, cold drawn 


Annealed 


Mechanical Properties 


Unannealed 


Tensile Strength (psi) Bar, normalized 1600 F, air cooled 


Bar, I-in. round, hot rolled, turned, and polished Ya in. diam, center 
Annealed 86.000 
91,000 
102,000 
Unannealed 112,000 
ee round, cold drawn — 2 in. diam, / radius 
108,000 
116,000 
Unannealed 122.000 


Bar, normalized 1600 F, air cooled 

4, in. diam, center 106,500 
148,500 Bar, oil quenched and tempered 
194,000 (tensile specimen 0.505 in. diam at center) 

1 in. diam. center 97,000 Draw temp, 800F 154,000 
148,000 174,000 
167,000 188,000 

2 in. diam, % radius 89,000 Draw temp, 1000 F 128,000 
140,750 143,000 
158,750 150,000 

4 in. diam, '/, radius 88,750 Draw temp, 1200F 103,000 
117,500 111,000 
146,000 118,000 


LO ee eer 


4 in. diam, 1 radius 


1961 Edition 





DESIGN DATA 
Elongation in 2 Inches (per cent) 


Bar, I-in. round, hot rolled, turned, and polished 
Annealed 30 

26 

» 


Unannealed 


Bar, I-in. round, cold drawn 
Annealed 


Unannealed 


Bar, normalized 1600 F, air cooled 


» in. diam, center 


~~“ 


| in. diam, center 


to fo > 


» OD me a 6 


2 in. diam, 4 radius 


> 


Muha 


1 in. diam, ', radius 


IQ 
Se Bed 


Uilbo 


Bar, oil quenched and tempered 
(tensile specimen 0505 in. diam at center) 
Draw temp, 800 F 


Draw temp, 1000 F 


Draw temp, 1200 F 


Reduction in Area (per cent) 


Bar, l-in. round, hot rolled, turned, and polished 
Annealed 61 


56 
1) 
Unannealed 


Bar, l-in. round, cold drawn 
Annealed 


Unannealed 


tar, normalized 1600 F, air cooled 


4, in. diam, center 


diam radius 


. diam radius 


Bar, oil quenched and tempered 
(tensile specimen 0.505 in 
Draw temp, 800 F 


Draw temp, 1000 F 


Draw temp, 1200 F 


(4130) 
(4140) 
(4150) 
(4130) 


(4130) 
(4140) 
(4150) 
(4130) 


(4130) 
(4140) 
(4150) 
(4130) 
(4140) 
(4150) 
(4130) 
(4140) 
(4150) 
(4130) 
(4140) 
(4150) 


(4130) 
(4140) 
(4150) 
(4130) 
(4140) 
(4150) 
(4130) 
(4140) 
(4150) 


Hardness Number (Brinell) 


Bar, I-in. round, hot rolled, turned, and polished 


(Measured at surface) 


Annealed 174 
183 


207 
Unannealed 


Bar, l-in. round, cold drawn 
(Measured at surface) 


Unannealed 


Bar, normalized 1600 F, air cooled 


4, in. diam, center 
1 in. diam, center 
2 in. diam, 1% radius . 


4 in. diam, % radius 


Bar, oil quenched and tempered 

(tensile specimen 0.505 in. diam at center, 
measured at surface) 

Draw temp, 800 F 


Draw temp, 1000 F .............. ; 


Draw temp, 1200 F 


Notched-Bar Impact Test (ft-lb) 


Bar, normalized 1600 F, air cooled 
l/, in. diam, center .... 


mu 


1 in. diam, center 


— Da 


~] 
re FOOD 


Shown 


2 in. diam, 1 radius ..... 


a Po 


4 in. diam, radius . 


Pas 


ey 
~“ 


Elevated Temperature Properties 


Tensile Strength (psi) 


70 F 
400F . 
800 F 
1200 F 


Yield Strength (psi) 


0 F 170,000 
400 F . 150,000 
800 F 120,000 
1200 F aS ee See 10,000 


(4140) 
(4140) 
(4140) 
(4140) 


(4140) 
(4140) 
(4140) 
(4140) 
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Elongation in 2 Inches (per cent) 


Creep Strength (psi) 


Load for 1 per cent elongation in — hrs. 
800 F : ins —33,000 
900 F ; ranks 50-25 000 
1000 F 7-15,000 
1100 F 4 7,000 
1200 F wees == 2000 


Low-Temperature Properties 


Tensile Strength (psi) 
Oil quenched from 1625 F, tempered at 1100 F 
...+++ 128,000 


WEE a énsnsveyvs ve 
40 F 149,000 


Yield Strength (psi) 


Oil quan < from 1625 F, > gee at 1100 F 
10F ad, 
40 F 


Elongation in 2 Inches (per cent) 
Oil am! from 1625 F, tempered at 1100 F 


7OF . 20 


40 F 19 


Reduction in Area (per cent) 


Oil quenched from 1625F, tempered at 1100 F 
RF .. 65 
40 F 64 


Notched-Bar Impact Test (ft-ib) 


Normalized, Charpy V-notch 

oj) a 9 (4130) 
OF 6 (4130) 
40 F 4 (4130) 
100 F 3 (4130) 


Water quenched from 1575 F, tempered at 1260 F, Charpy 

V-notch 
WP aicantec: 120-4 (4130) 
| PE 1204 (4130) 
SY RCRD 120+ (4130) 
120+ (4130) 


Normalized, Charpy V-notch 

75 F 8 (4140) 

OF .... (4140) 
40F ... 5 (4140) 
40F 2... (4140) 
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DESIGN DATA 
Treatment Temperatures 


Forging Temperature (deg F) 
Annealing Temperature (deg ete 
Normalizing Temperature (deg F).. " 


Quenching Temperature (deg F).... 
1500-1600 


1475-1525 


Characteristics 


These low-alloy steels all have essentially the same per- 
centage of chromium and the same percentage of molyb- 
denum; the only difference between them is carbon content. 
The presence of chromium and molybdenum increases duc- 
tility for given strength level, compared to plain carbon steel. 

All three of these steels can be case hardened or directly 
hardened. However, since they already have a fairly high 
carbon content, they are usually directly hardened. Type 
4130 is used for water-quenched parts of moderate section 
size and for oil-quenched parts of small section size. Type 
4140 is used for medium and large-size parts requiring a 
high degree of strength and toughness. Type 4150 is used 
primarily for gears and other parts requiring fairly high 
hardness as weli as strength and toughness. Such parts are 
usually oil-quenched, and a minimum of 90 per cent mar- 
tensite in the as-quenched condition is desirable. 

Alloy steels are usually made under the best practice which 
will yield fully killed steel in the ingot. The hardenability, 
or response to heat treatment, is probably the most impor- 
tant criterion for the selection of alloy steels in this class. 

These steels can be specified according to composition 
and physical characteristics, or according to hardenability 
band limits. As a means of identifying steels specified to 
hardenability band limits, the suffix letter H is added to 
the conventional series number. When this suffix letter 
is used, all the conditions pertaining to chemical compo- 
sition ranges and limits, testing techniques, and so forth 
still apply. 

Type 4130 is a steel of low to medium hardenability, 
similar to 8360 and 8730. It is used for connecting 
rods in the automotive industry, and for tubing and shapes 
for aircraft. 

Type 4140 is a steel of intermediate hardenability which 
will give good properties in larger heat-treated sections than 
is possible with carbon steel of the same carbon content. 
This steel can be arc welded by using preheat and postheat 
techniques. Similar steels are 8640 and 8740. Type 4140 is 
used for connecting rods, crank shafts, knuckles, axial shafts, 
oil beds, core drills, reamer bodies, drill collars, tool joints, 
piston rods, and pump parts. 

Type 4150 is a steel with high hardenability. It is used 
in applications similar to 4140, except where higher hard- 
ness, strength, and toughness is required. 


Fabrication 
Machinability 


In these low-alloy steels, a lamellar pearlitic structure is 
best for machining. This lamellar pearlitic structure is ar- 
rived at by a normalizing treatment (annealing). However, 
reasonably good tool life can be obtained by machining 
these steels in the hot-rolled and annealed condition. 





DESIGN DATA 

For rough lathe work where surface finish is inconse- 
quential, low hardness is much more important than low 
ductility. For finishing cuts on 4140, for instance, tool life 
is impaired if the Brinell hardness is more than 207, even 
though the structure is lamellar pearlitic. 

4130 steel in the as-rolled condition has a machinability 
rating of 51 per cent (based on BII12 — 100 per cent). 
When annealed to increased machinability properties, 4130 
steel has a machinability rating of 67 per cent. Annealed 
4140 steel has a machinability rating of 61 per cent; 4150 
steel has a machinability rating of 54 per cent. 

Forged 4130, 4140, or 4150 may require annealing before 
machining operations are possible, depending on the sec- 
tion size and shape of the forged part, and the subsequent 
cooling rate. However, to take advantage of the mechanical 
properties of these steels without compromising dimensional 
accuracy, it may be necessary to machine these steels in 
the quenched and tempered condition. 


Weldability 


These steels are readily welded by either oxyacetylene 
methods or arc welding methods as long as certain specific 
techniques are applied. For arc welding these materials, a 
shielded-arc process with special electrodes is generally used. 
For gas welding, where strength is important and corro- 
sion resistance is a major factor, the welding rod should 
have the same composition as the base metal. Because of 
the chromium content in these steels, they require a con- 
siderable degree of preheat, ranging from 300 to 800 F. 
Slow cooling is desirable after the welding operations. 

The principal reason for any difficulties encountered in 
welding these materials is due to their high carbon con- 
tent, and their high hardenability. Actually, standard weld- 


ing procedures, using a great variety of welding rods, may 
be used for welding these steels if the joint is not required 
to be as strong as the rest of the material. Welding rods 
of almost any composition, as long as they are steel, will 
coalesce with these materials. 

Steels with high hardenability must be cooled slowly 
after welding to prevent excessive hardening and the possi- 
bility of cracking. Preheating is a practical method used 
to make the weld and base metal cool more slowly. If the 
finished welding job is to be heat treated, any amount of 
preheat may be used. Likewise, heat treatment after the 
weld is completed will give the weld and parent metal 
similar properties. The amount of preheating required is 
a function of the type of material being welded and the 
nature and shape of the joint. One method often used to 
determine the required preheating is a “clip test.” In this 
test a lug of steel is welded to the part in question and 
then is broken off. If underbead cracks are found, the pre- 
heat was not high enough. 


Corrosion Resistance 


These steels rust in atmospheric and natural-water ex- 
posure, are rapidly attacked by most acid solutions, and de- 
teriorate at high temperatures. 

Methods of processing affect the corrosion rate, but not 
to a significant extent. Corrosion rate is at a maximum when 
martensite is tempered between 700 and 800 F. Cold work- 
ing increases, stress relieving reduces, and normalizing or 
annealing produces the lowest corrosion rate. These steels 
can only be protected from corrosion by suitable coatings. 
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Low Alloy Steels 


AISI Types 4320, 4337 and 4340 


Data applies to all types unless noted. 
Values are typical unless noted. 


available in > Blooms, billets, bars, forgings, strip and tubing 


analyses » re 


Physical Properties 


Modulus of Elasticity (psi) ...... 29-30 x 10® 
Melting Temp Range (deg F) .... 2740-2750 
Density (lb per cu in.) 
Electrical Resistivity (microhm-cm) 

120 deg F 

570 deg F 
Specific Heat (Btu/lb/deg F) .... 


Thermal Conductivity 
(Btu/hr/sq ft/deg F/ft) 
Coefficient of Thermal Expansion 
(per deg F) 7 
0 to 200 deg F ....... . 63x10° 
0 to 1200 deg F ........ 81x10° 


Mechanical Properties 


Tensile Strength (psi) 


Bar, l-in. round, hot rolled, turned, and polished 
Annealed 84,000 (4320) 
109,000 (4340) 


Unannealed (4320) 


Bar, l-in. round, cold drawn 

Annealed . 109,000 (4320) 
122,000 (4340) 

Unannealed 119,000 (4320) 


Bar, normalized 1600 F, air cooled 


Y, in. diam, center ... ay 121,500 (4320) 
209,500 (4340) 


5 ae, B, GRE wc hanscsccsecs 115,000 (4320) 
185,500 (4340) 


2 in. diam, ' radius ... ' 102,500 (4320) 
176,750 (4340) 


4 in. diam, ¥ radius . tly din Ee, SE (4320) 
161,000 (4340) 


Bar, I-in. round, carburized 8 hr at 1700 F, oil quenched 
Quenched from box 181,000 (4320) 


Cooled, reheat 1525 F, 
300 F draw temp .. 180,000 (4320) 


Cooled, reheat 1425F . i 175,000 (4320) 
Cooled, reheat 1525 F (4320) 


Bar, oil quenched and tempered 

(tensile specimen 0.505 in. diam at center) 
Draw temp, 800F ............. 220,000 
Draw temp, 1000F .... . 185,000 
Draw temp, 1200F ............... 150,000 


1961 Edition 


Ni Cc Mn P,max S, max Mo 
1.65-2.00 0.17-0.22 0.040 0.040 0.20-0.30 
1.65-2.00 0.38-0.43 0.040 0.040 0.20-0.30 
1.65-2.00 0.35-0.40 0.040 0.040 0.20-0.30 


Yield Point (psi) 
Bar, I-in. round, hot rolled, turned, and polished 


Annealed 52,000 
109,000 
Unannealed 


Bar, l-in. round, cold drawn 
Annealed 


Unannealed 
Bar, normalized 1600 F, air cooled 


4 in. diam, center 
1 in. diam, center 
2 in. diam, 1% radius 


4 in. diam, ¥ radius 


Bar, l-in. round, carburized 8 hr at 1700 F, oil quenched 
Quenched from box (4320) 


Cooled, reheat 1525 F, 
300 F draw temp J (4320) 


Cooled, reheat 1425 F ‘ (4320) 
Cooled, reheat 1525 F (4320) 


Bar, oil quenched and tempered 

(tensile specimen 0.505 in. diam at center) 

Draw temp, 800 F 200,000 (4340) 
Draw temp, I000F ............. 160,000 (4340) 
Draw temp, 1200F ............. . 130,000 (4340) 


Elongation in 2 Inches (per cent) 


Bar, 1-in. round, hot rolled, turned, and polished 
Annealed 32 


29 
22 


Unannealed 28 


Bar, l-in. round, cold drawn 
Annealed 19 
15 


Unanneailed 


Bar, normalized 1600 F, air cooled 
Y in. diam, center 
1 in. diam, center 
a 


2 in. diam, % radius 


4 in. diam, % radius 





DESIGN DATA 
Bar, |-in. round, carburized 8 hr at 1700 F, oil quenched Hardness Number (Rockwell C) 

Quenched from box ....... (4320) Bar, l-in. round, carburized 8 hrs at 1700F, oil quenched 
Cooled, reheat 1525 F, (measured at core) 

300 F draw temp A ig : (4320) Quenched from box 38 (4140) 
Cooled, reheat 1425 F ich : (4320) Cooled, reheat 1525 F, 
Cooled, reheat 1525 F (4320) 300 F draw temp 38 (4140) 

Cooled reheat 1425 F 37 (4140) 
Bar, oil quenched and tempered Cooled, reheat 1525 F 38 (4140) 
(tensile specimen 0.505 in. diam at center) 
Draw temp, 800 F 12 
Draw temp, 1000 F 15 


Bar, l-in. round, carburized 8 hrs at 1700 F, oil quenched 
(measured at case) 
Quenched from box tot (4140) 


Cooled, reheat 1525 F, 
Reducti in A ( ) 300 F draw temp 63 (4120) 
eduction in Area (per cent Cooled, reheat 1425F ........ wane 64 (4140) 


Bar, |-in. round, hot rolled, turned, and polished Cooled, reheat 1525 F 63 (4140) 
Annealed “ : 63 (4320) 
50 (4340) -Bar Impact Test (ft-Ib) 
Unannealed 58 (4320) Notched P 
Bar, normalized 1600F, air cooled 
Bar, |-in. round, cold drawn \% in. diam, center 


Annealed ' (4320) 
(4340) 1 in. diam, center ... 


Unannealed , aan ‘ : ’ (4320) 


Draw temp, 1200 F ; 19 


— ol 
-—u-¢ 
2-3 bo in bo 


2 in. diam, 1% radius 


= 
co Sin 


Bar, normalized 1600 F, air cooled 

Y, in, diam, center 4.3 (4320) 
5.3 (4340) 

1 in. diam, center SO. (4320) 


3 4340 * 
Vy radius 50: (430 Elevated Temperature Properties 


4 in. diam, 2 radius 


2 in, diam, 
; (4340) P 
4 in. diam, radius 4. (4320) Tensile Strength (psi) 
(4340) 70 F 180,000 (4340) 
Bar, l-in. round, carburized 8 hrs at 1700 F, oil quenched 400 F 1G ¢ ) 
mched { - ~ os 800 F 145,000 (4340) 
Que mched fron b de (4320) 1200 F : 45,000 (4340) 
Cooled, reheat 1525 F, rf , 
300 F draw temp 5 (4320) 
Cooled, reheat 14251 8 (4320) Yield Strength (psi) 
Cooled, reheat 1525 F l (4320) 70 F ; (4340) 
400 F (4340) 
Bar, oil quenched and tempered 800 F (4340) 
(tensile specimen 0.505 in. diam at center) 1200 F (4340) 
Draw temp, 800 F 47 
Draw temp, 10001 53 Elongation in 2 Inches (per cent) 
Draw temp, 1200 F 57 70 F (4340) 
400 F : y (4340) 
Hardness Number (Brinell) 800F .. eeee — 
1200F .. eee eee : (4340) 


Bar, l-in. round, hot rolled, turned, and polished 
Annealed : 170 (4320) . . 
2% (4340) Reduction in Area (per cent) 
Unannealed 197 (4320) 70 F 
400 F 
800 F 


Bar, l-in. round, cold drawn 
1200 F 


Annealed (4320) 
8 (4340) 
Unannealed (4320) Creep Strength (psi) 
Load for | per cent elongation in 10,000 hrs. 
Bar, normalized 1600 F, air cooled 800 F bh ag 940,000 
4 in. diam, center 2: (4320) 900 F [oe 15—30,000 
: aed 1O0OOF . 2-12,000 
diam, center 39 (4320) 3 - 
3 (4340) L1OOF ... ap .. I- 3,000 
j diam radius I (4320) 
) (4340) 
4 in. diam, > radius (4320) * + 
| Casans Low-Temperature Properties 
Notched-Bar Impact Test (ft-lb) 
(tensile specimen 0.505 in. diam at 75 F ‘ : : : : (4340) 
Draw temp, 800 F 1-4! OF (4340) 
Draw temp, 1000 F . 40 F , (4340) 
1200 F 3] 100 F : : (4340) 


Bar, oil quenched and tempered 
j 


Draw temp, 
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Oil quenched from 1525 F, tempered at 1100 F, Charpy Vee- 


82 (4340) 
82 (4340) 
82 (4340) 
77 (4340) 


Treatment Temperatures 


Forging Temperature (deg F)....... 1950-2250 


A ling Temperature (deg F)....1525-1575 
— - 7? 1475-1700 


Normalizing Temperature (deg F) . . . 1625-1750 
1575-1725 


Quenching Temperature (deg F).... 1475-1550 


Characteristics 


These steels belong in a group often called triple-alloy or 
case-hardening steels. These alloy steels are frequently used 
for case-hardening applications because required surface hard- 
ness can be obtained by moderate quenching speeds. This 
may mean less distortion than would be encountered with 
water quenching. All three of these steels can be case- 
hardened or directly-hardened. Since 4337 and 4340 have 
a fairly high carbon content already, they are usually direct- 
ly-hardened. Where section sizes are large, a steel with a 
high hardenability core, such as 4337 or 4340, may be neces- 
sary. For medium and light sections, a steel with a low 
hardenability core, such as 4320, usually will suffice. All 
of these steels have high hardenability cases. 

These steels can be specified according to composition and 
physical characteristics, or according to hardenability band 
limits. As a means of identifying steels specified to harden- 
ability band limits, the suffix letter H is added to the con- 
ventional series number. When this suffix letter is used, 
all the conditions pertaining to chemical composition ranges 
and limits, testing techniques, and so forth, still apply. 
It is very important that purchasers use this suffix letter in 
specifications requirements, since there is no other means 
of determining when hardenability band limits apply. 

As with all alloy steels, the hardenability of the case 
depends upon the alloy content, and the final carbon con- 
tent produced by carburizing, but not upon the initial car- 
bon content of the steel. The core properties of case- 
hardened steels depend upon both carbon and alloy con- 
tent of the steel. In general, where high compressive loads 
are encountered, relatively high core hardness is beneficial in 
supporting the case. Low core hardnesses may be desirable 
where great toughness is essential. 


Type 4320 is a high-grade, case-hardening steel, with a 
medium-to-high hardenability core. It is used in the auto- 
motive and machinery industries for differential drive pinions, 
differential ring gears, transmission gears and bearings, and 
in aircraft-engine bearings and gears. 


Type 4340 is an older triple-alloy steel. It has a higher 
hardenability core than 4320 and is capable of giving good 
properties in large sections. It is relatively free from temper 
brittleness and retains useful machinability at relatively high 
hardness (up to 400 Brinell). Typical uses include auto- 
mobile crankshafts and rear axle shafts, aircraft crankshafts, 
connecting rods, propeller hubs, gears, drive shafts, landing 
gear parts, and heavy-duty parts of rock drills. 


Type 4337 is practically identical to 4340 steel, except for 
a slightly lower carbon content. 
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DESIGN DATA 
Fabrication 


Machinability 


These steels have fairly good machinability characteristics 
when machined in the annealed condition. Type 4320 has 
a machinability rating (based on B1112 = 100 per cent) of 
55 per cent, when mill annealed to 197-228 Brinell. Type 
4340 has a machinability rating, when mill annealed to 
187-241 Brinell, of 45 per cent. Type 4337 is only slightly 
better than 4340. 


Tools will last longest when the steel that is being cut 
has low hardness, low tensile strength, and low ductility. 
These steels are machined in the hot-rolled and annealed 
conditions if it is desired to have long tool life. 


Higher than usual normalizing temperatures are neces- 
sary for these steels to obtain the lamellar pearlitic struc- 
ture that is best for machining. For rough lathe work, 
where surface finish is inconsequential, low hardness is more 
important than low ductility. For finishing cuts, tool life 
is impaired if the Brinell hardness is more than 207, even 
though the structure is lamellar pearlite. 


Weldability 


These steels are readily welded by either oxyacetylene 
methods or arc-welding methods as long as certain specific 
techniques are applied. For arc welding these materials, 
a shielded-arc process with special electrodes is generally 
used. For gas welding, where strength is important and 
corrosion resistance is a major factor, the welding rod should 
have the same composition as the base metal. These steels 
require a considerable degree of preheat, ranging frorm 300- 
800 deg F. Slow cooling is desirable after welding. 


The principal reason for any difficulties encountered in 
welding these materials is due to their high hardenability. 
Actually, standard welding procedures, using a great variety 
of welding rods, may be used for welding these steels if 
the joint is not required to be as strong as the rest of 
the material. Welding rods of almost any composition, as 
long as they are steel, will coalesce with these materials. 


Steels with high hardenability must be cooled slowly after 
welding to prevent excessive hardening and the possibility 
of cracking. Preheating is a practical method used to make 
the weld and base metal cool more slowly. Heat treatment 
after the weld is completed will give the weld and parent 
metal similar properties. The amount of preheating re- 
quired is a function of the type of material being welded 
and the nature and shape of the joint. One method often 
used to determine the required preheating is a “clip test.” 
In this test a lug of steel is welded to the part in question 
and then is broken off. If underbead cracks are found the 
preheat was not high enough. 


Corrosion Resistance 


These steels have a corrosion resistance slightly superior 
to plain-carbon steels, but they still rust in atmospheric and 
natural-water exposure, are rapidly attacked by most acid 
solutions, and deteriorate at high temperatures. They have 
satisfactory resistance to most alkalis at room temperature. 


Methods of processing affect the corrosion rate, but not 
to a significant extent. Corrosion rate is at a maximum 
when martensite is tempered between 700 and 800F. Cold 
working increases, stress relieving reduces, and normalizing 
or annealing produces the lowest corrosion rate. These 
steels can only be protected by suitable coatings. 





Low Alloy Steels 


AISI Types 8620, 8630, 8640 and 8650 


Data applies to all types unless noted. 
Values are typical unless noted. 





available in * Blooms, billets, bars, forgings, strip and tubing. 


8620 
analyses > 8630 
8640 
8650 


Physical Properties 


29.3 x 108 
2745-2755 
0.283 


Modulus of Elasticity (psi) ...... 
Melting Temp Range (deg F) 
Density (lb per cu in.) . 
Electrical Resistivity (microhm- cm) 
120 deg F 0 
570 deg F 48 
ific Heat (Btu/lb, deg F) 0.107 
ermal Conductivity 
(Btu/hr/sq ft/deg F/ft) 
Coefficient of Thermal Expansion 
(per deg F) 
0 to 200 deg F 
0 to 1200 deg F . 


21.7 


Mechanical Properties 


Tensile Strength (psi) 


Bar, l-in. round, hot rolled, turned, and polished 
Annealed 78,000 
83,000 
99,000 
112,000 
96,000 
101,000 
124,000 


Unannealed 


Bar, l-in. round, cold drawn 

88,000 
98,000 
107,000 
110,000 
110,000 
119,000 
140,000 


Annealed 


Unannealed 


Bar, normalized 1600 PF, air cooled 
4 in. diam, center 96,500 
95,000 
91,750 
94,250 
87,250 
93,000 
81,750 
93,500 


1 in. diam, center 


2 in. diam, radius 


4 in radius 


diam, 


Bar, 1-in. round, carburized 8 hrs at 1700 F, oil quenched 


Qanee from box 156,000 
‘ooled, reheat 1425 F, 300 F 

draw temp 
Cooled, reheat 1425 F 
Cooled, reheat 1550 F 


131,000 
139,000 
152,000 


50 


(8620) 
(8630) 


(8620) 
(8620) 
(8620) 
(8620) 


Cr 
0.40-0.60 
0.40-0.60 
0.40-0.60 
0.40-0.60 


S, max Mo 

0.040 0.15-0.25 
0.040 0.15-0.25 
0.040 0.15-0.25 
0.040 0.15-0.25 


Ni Cc Mn 
0.40-0.70 0.18-0.23 0.70-0.90 
0.40-0.70 0.28-0.33  0.70-0.90 
0.40-0.70 0.38-0.43 
0.40-0.70 0.48-0.53 


0.75-1.00 
0.75-1.00 


Bar, oil quenched and tempered 
(tensile specimen 0.505 in. diam at center) 
Draw temp, 


Draw temp, 1000 F 


Draw temp, 1200 F 


Yield Point (psi) 
Bar, I-in. round, hot rolled, turned, and 


Unannealed 


Bar, l-in. round, cold drawn 
Annealed 


Unannealed 


Bar, normalized 1600 F, air cooled 


Y, in. diam, center 
1 in. diam, center 


62,250 
52,000 
62,000 
51,500 
56,250 
Bar, I-in. round, carburized 8 hrs at 1700 F, oil quenched 
Quenched from box 127,000 (8620) 
Cooled, reheat 1425 F, 300 F 
103,000 (8620) 


draw temp ... 
111,000 (8620) 


Cooled, reheat 1475 EF ; 
Cooled, reheat 1550 F 124,000 (8620) 


Bar, oil quenched and tempered 
(tensile specimen 0.505 in. diam at [os 
Wow temp, ‘ . 125 


2 in. diam, 1% radius . 


4 in. diam, % radius .. 


< 


1000 F . 


Draw temp, 1200 F ... 
127,500 
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Elongation in 2 Inches (per cent) 


Bar, l-in. round, hot rolled, turned, and polished 
33 


Unannealed 


Bar, l-in. round, cold drawn 
Annealed 


Unannealed 


Bar, normalized 1600 F, air cooled 


4 in. diam, center 
1 in. diam, center 


ee SD Pra ee 


RBRIBRRR 
CIGIDN Sin wW Www 


4 in. diam, 1 radius 


Quenched from box 14 
l 


Cooled, reheat 1425 F, 300 F draw temp 5 
Cooled, reheat 1475 F 16 
Cooled, reheat 1550 F 


Bar, oil quenched and tempered 
(tensile specimen 0.505 in. diam at center) 
Draw temp, 


Draw temp, 1000 F 


Draw temp, 1200 F 


Reduction in Area (per cent) 


Bar, I-in. round, hot rolled, turned, and polished 
Annealed 


Unannealed 


Bar, l-in. round, cold drawn 
Annealed 


Unannealed 


Bar, normalized 1600 F, air cooled 


Y/, in. diam, center .... 
1 in. diam, center ... 
2 in. diam, Y% radius ...... 


4 in. diam, 1 radius ....... 


Din Denn H 
INSRLISSR 
WeN—aAnNwui 


(8630) 


Bar, I-in. round, carburized 8 hrs at 1700 F, oil quenched 
uenched from box 50 (8620) 
led, reheat 1425 F, 300 F draw temp 52 
Cooled, reheat 1475 F S 
Cooled, reheat 1550 F ....... 
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Bar, oil quenched and tempered 
(tensile specimen 0.505 in. diam at center) 
Draw temp, 


Draw temp, 1000 F 


Draw temp, 1200 F 


Hardness Number (Brinell) 


Bar, l-in. round, hot rolled, turned, and polished 
143 
156 
183 


Unannealed 


Bar, l-in. round, cold drawn 
Annealed 


Bar, normalized 1600 F, air cooled 


4, in. diam, center 
1 in. diam, center 
2 ON Se EE edd aces cnecene cas 


Ot, Ga BG SEND sp ceeciieccdac es 


v4 


Bar, l-in. round, carburized 8 hrs at 1700 F, oil quenched 


(measured at % radius) 

uenched from bo 321 
oled, reheat 1425 F, 300 F draw temp 277 
Cooled, reheat 1475 F 293 
Cooled, reheat 1550 F 321 


Bar, oil quenched and tempered 
(tensile specimen 0.505 in. diam at center) 
Draw temp, 


Draw temp, 1000 F 


Draw temp, 1200 F 


Notched-Bar Impact Test (ft-lb) 


Bar, normalized 1600 F, air cooled 

4, in. diam, center 62.5 
63 

1 in. diam, center 73.5 
69.8 

2 in. diam, 1 radius 81.3 
76.7 


4 in. diam, 1% radius 74 
63.5 


Low-Temperature Properties 


Notched-Bar Impact Test (ft-lb) 
Normalized, Charpy keyhole-notch 





DESIGN DATA 
Oil quenched from 1600 F, tempered at 900 F, Charpy keyhole- 


notch 

75 45 
40 F 42 
180 F 26 
s10 F 19 


Treatment Temperatures 


Forging Temperature (deg F) 1950-2250 
2000-2250 


Annealing Temperature (deg F) 575-1625 
500-1600 


Normalizing Temperature (deg F) 


Quenching Temperature (deg F) 


Carburizing Temperature (deg F) 


Characteristics 


These steels belong to a group known as NE steels which 
were developed during World War II. At the end of the 
war, only the better alloys were given AISI numbers. 

All of these steels can be case-hardened or directly hard- 
ened. It is possible to order one of these steels with a specific 
Jominy hardenability. In this case, the steel is known as 
an H steel. In general, H steels have a somewhat greater 
allowable variation in chemical composition and a smaller 
allowable variation in hardenability than ordinary grades. 
A reduced variation in hardenability results in greater re- 
producibility of the mechanical properties after heat treat- 
ment 

Type 8620 is a steel with a medium-hardenability core. 
It is noted for good core toughness and high surface hard- 
ness after case hardening. It is sometimes used in the heat- 
treated condition as chain. Other uses include differential 
ring gears, steering worm gears, transmission gears, aircraft 
engine parts, camshafts and gears, and splined shafts. Per- 
missible compressive stress for case-hardened gears, bearings, 
and races is 180,000 psi for intermittent loadings. 

Type 8630 steel is a low-hardenability steel when directly 
hardened. It has a medium to high-hardenability core when 
case-hardened. It is very similar to 4130 steel. It has good 
properties when normalized in light sections and is air 
hardening after welding. Uses include aircraft engine mounts, 
connecting rods, engine bolts and studs, shapes and tubing 

Type 8640 steel, when directly hardened, has a medium 
hardenability 8640 steel compares favorably with most 
low-alloy, 0.40 per cent carbon steels and develops greater 
hardness and strength than 8130. Typical uses include 
knuckles, propeller shafts, gears, and splined shafts. 

Type 8650 steel, when directly hardened, has a medium 
hardenability. 8650 is a popular spring-stee! alloy with high 
hardness and a good wearing surface. Typical uses include 
springs and rear-axle shafts. For sections bigger than | to 2 


in.. the higher carbon 8660 is often used. 


Fabrication 


Machinability 


The machinability of each of these alloys varies with car- 


bon content, in a manner similar to equivalent varbon steels. 
For instance, machinability of annealed stock increases with 
carbon content up to 30-35 per cent, then it decreases with 
increasing carbon content. Machinability in the annealed 
condition of 8620 is 60 per cent (based on B1112=100 per 
cent). Machinability of 8630 is 65 per cent; 8640 is 60 per 
cent; and 8650 is 50 per cent. 

Tool life is longest when the steel being cut has low 
hardness, low tensile strength, and low ductility. Tensile 
strength, however, must be over a certain minimum. Cold 
working increases both tensile strength and ductility. If it 
is desired to have the tools last as long as possible, high- 
carbon alloy steels are machined in the hot-rolled and in 
the annealed conditions. 

For favorable machinability, a normalizing treatment (an- 
nealing) may be necessary for these steels. Higher than 
usual normalizing temperatures are necessary to obtain the 
lamellar pearlitic structure that is best for machining. For 
rough lathe work, where surface finish is inconsequential, 
low hardness is more important than low ductility. For 
finishing cuts, tool life is impaired if the Brinell hardness 
is more than 207, even though the structure is lamellar 
pearlitic. Forged 8630, 8640, or 8650 may require anneal- 
ing before machining operations, depending on the section 
size, shape of the forged part, and subsequent cooling rate. 

To take advantage of the mechanical properties of these 
steels without compromising dimensional accuracy, it may 
be necessary to machine these steels in the quenched and 
tempered condition. 


Weldability 


All of these steels are readily welded by the various weld- 
ing processes. If the joint is not required to be as strong as 
the rest of the material, standard welding procedures, using 
a great variety of welding rods, may be used for welding 
these steels. Welding rods of almost any steel composition 
will coalesce with these materials. 

For arc welding these materials, a shielded arc with a 
special electrode is generally used. For gas welding, ordinary 
equipment is used and welding rods with the same com- 
position as the base material. Where corrosion resistance 
is a major factor, the welding rod must be of the same com- 
position as the base metal. 

Steels with high hardenability must be cooled slowly after 
welding to prevent excessive hardening and cracking. Pre- 
heating is a practical method used to make the weld and 
base metal cool more slowly. Heat treatment after welding 
will give the weld and parent metal similar properties. The 
amount of preheating required is a function of the type of 
material being welded and the nature and shape of the joint. 
One method often used to determine the required preheating 
is a “clip test.” In this test a lug of steel is welded to the 
part in question and then is broken off with a hammer blow. 
If underbead cracks are found, the preheat was not high 


enough 


Corrosion Resistance 


These steels rust in atmospheric and natural-water expo- 
sure, are rapidly attacked by most acid solutions, and de- 
teriorate at high temperatures. 

Methods of processing affect the corrosion rate, but not to 
a significant extent. Corrosion rate is at a maximum when 
martensite is tempered between 700 and 800F. Cold work- 
ing increases, stress relieving reduces, and normalizing or an- 
nealing produces the lowest corrosion rate. ‘These steels can 
only be protected from corrosion by suitable coatings. 
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Corrosion-Resistant Steel Castings 





ACI Types CA-15, CA-40, CB-30, CC-50 and CE-30 


Type 
CA-15 
CA-40 
CB-30 
CC-50 
CD-4MCu 


0.15 


0.30 
0.50 
0.04 


analyses - 


CE-30 0.30 


C, max 


0.20-0.40 


Data applies to all types unless noted. 


Values are typical un 


Mn, max 
1,00 
1.00 
1.00 
1.00 
1.00 


1.50 


Si, max 
1.50 
1.50 
1.00 
1.00 
1,00 


2.00 


\Molybdenum not intentionally added. 


Physical Properties 


Modulus of Elasticity 
in Tension (psi) .. 


Density (lb per cu in.) . 


Electrical Resistivity 
(microhm-cm) 


Specific Heat 
(Btu/lb/deg F) 


Thermal Conductivity 
(Btu/hr/sq ft/ft/deg F) 
- | Se 


At 1000 F 


Mean Coefficient of Thermal 
Expansion (per deg F) 
70-212 F : . 5.5x 10°¢ 

5.7 x 10% 

59x 10°¢ 

6.4 x 10°¢ 

6.5 x 10° 

6.4x 10°° 

7.0x 10°% 

9.6 x 10° 

9.9 x 10-6 

6.7 x 10°° 


70-1000 F . 


70-1200 F 

70-1300 F . 
10.2 x 10-6 
10.5 x 10° 


70-1400 F . 
70-1600 F 


Approximate Melting Point 
|», See 


Magnetic Permeability ferromagnetic 
over 1.5 
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(CA-15) (CA-40) 
(CB-30) (CC-50) 
(CD-4MCu) 
(CE-30) 


(CA-15)(CA-40) 
(CB-30)(CC-50) 
(CE-30) 
(CD-4MCu) 


(CA-15) 
(CA-40) (CB-30) 
(CC-50) 
(CE-30) 


(CA-15) (CA-40) 
(CB-30) 
(CD-4MCu) 
(CC-50) 
(CE-30) 


(CA-15)(CA-40) 
(CB-30) 
(CC-50) 

(CA-15)(CA-40) 
(CB-30) 
(CC-50) 


(CA-15) (CA-40) 
(CB-30) 
(CC-50) 

(CA-15) (CA-40) 
(CB-30) 
(CC-50) 

(CD-4MCu) 
(CE-30) 
(CE-30) 

(CA-15) (CA-40) 
(CB-30) 
(CE-30) 
(CE-30) 

(CD-4MCu) 


(CA-15) 
(CA-40) (CB-30) 
(CC-50) 
(CD-4MCu) 
(CE-30) 


(CA-15) (CA-40) 
(CB-30) (CC-50) 
(CD-4MCu) 
(CE-30) 


ess noted. 


Ni, max 
10 
1.0 
2.0 
40 
4.75-6.00 


Cr 
11.5-14.0 
11.5-14.0 
0.04 18-22 
0.04 26-30 
0.04 25-27 


S, max 
0.04 
0.04 


P, max 
0.04 
0.04 
0.04 
0.04 
0.04 


0.04 0.04 26-30 8-11 


Mechanical Properties 


Tensile Strength (psi) 


As Cast 95, 
70,000 
95,000 
Air Cooled from I1900F . 97,000 
Air Cooled from 1800 F 
Tempered at 600F ... 200,000 
220,000 
135,000 
150,000 
115,000 
140,000 
110,000 
100,000 


Tempered at 1100F .. 
Tempered at 1200F ........... 


Tempered at 1400F .. 

Tempered at I1450F . 

Annealed at 1450 F, Furnace 
Cooled to 1000 F, then Air Cooled 


Water Quenched from 1950-2050F .. 


95,000 
97,000 
110,000 


Aged 850-950 F for 3 hrs ........... 140,000 


Yield Strength (psi) 
Offset=0.2 per cent 


As Cast 60,000 


65,000 

60,000 
Air Cooled from I900F ............ 65,000 
Air Cooled from 1800 F 
Tempered at 600F ... 150,000 
165,000 
115,000 
125,000 
100,000 
113,000 
67,000 
75,000 


Tempered at 1100 F 
Tempered at 1200F .. 


Tempered at 1400 F 
Tempered at 1450F . 


Annealed at 1450 F, Furnace 
Cooled to 1000 F, then Air Cooled 
Water Quenched from 1950-2050 F .. 


60,000 
63,000 
85,000 


Aged 850-950 F for 3 hrs .... 110,000 


Elongation in 2 Inches (per cent) 


As Cast 


Air Cooled from 1900 F 
Air Cooled from 1800 F 
Tempered at 600 F 


‘Under 1.0 per cent Ni 
Over 2.0 per cent Ni with 0.15 per cent N min 
Izod V-Notch 


(CE-30) 
(CC-50)? 
(CC-50)* 
(CC-50)* 


(CA-15) 
(CA-40) 
(CA-15) 
(CA-40) 
(CA-15) 
(CA-40) 
(CA-40) 
(CA-15) 


(CB-30) 
(CE-30) 
(CD-4MCu) 
(CD-4MCu) 


(CA-15) 


(CB-30) 
(CE-30) 
(CD-4MCu) 
(CD-4MCu) 


(CE-30) 
(CC-50)* 
(CC-50)? 
(CC-50)? 


(CA-15) 
(CA-40) 





DESIGN DATA 
Tempered at 1100 F 


Tempered at 1200 F 


Tempered at 1450 F 
Tempered at 1450F 
Annealed at 1450 F, Furnace 
Cooled to 1000 F, then Air Cooled 
Water Quenched from 1950-2050 F .. 
(CD-4MCu) 


Aged 850-950 F for 3 hrs . 17 (CD-4MCu) 


Hardness Number 


As Cast ' Bhn 170 (CE-30) 
Bhn 212 (CC-50)' 
Bhn 193 (CC-50)? 
Air Cooled from 1900F .. .. Bhn 210 (CC-50)* 
Air Cooled from 1800 F 
Tempered .. Bhn 390 (CA-15) 
Bhn 470 (CA-40) 
Tempered at ! ; .. Bhn 260 (CA-15) 
Bhn 310 (CA-40) 
Tempered at 1200F . Bhn 225 (CA-15) 
Bhn 267 (CA-40) 
Tempered at 1400 F Bhn 212 (CA-40) 
Tempered at 1450 F Bhn 185 (CA-15) 
Annealed at 1450 F, Furnace 
Cooled to 1000 F, then Air Cooled Bhn 195 (CB-30) 
Water Quenched from 1950-2050F Bhn 170 (CE-30) 


Bhn 260 (CD-4MCu) 
Aged 850-950 F for 3 hrs 310 (CD-4MCu) 


Impact Strength—Charpy Keyhole (ft-lb) 

As Cast ; 28 (CC-50)' 
458 (CC-50)? 

Air Cooled from 1800 F 

Tempered at 600F 


— ~ 
onmu 


Tempered at LIOOF . 


Bio 


Tempered at 1200 F 


Tempered at 1400 F 
Tempered at 1450F 
Annealed at 1450 F, Furnace 

Cooled to 1000 F, then Air Cooled 
Water Quenched from 1950-2050 F .. 
Aged 859-950 F for 3 hrs 


wo 
Uw & 


(CA-15) 


(CB-30) 
(CD-4MCu) 
(CD-4MCu) 


— WwW 
i an) 


Heat Treatment 


Types CA-15 and CA-40: To obtain maximum softness, 
castings of these alloys may be annealed at 1450F mini- 
mum (usually 1550 to 1650 F) and slowly furnace cooled. 
The alloy is hardened by heating to 1800 to I850F and 
cooling in oil or air. After hardening, castings should be 
tempered as soon as possible at 600F or in the range of 
1100 to 1500 F. Tempering in the vicinity of 900F should 
be avoided because low impact strength will result. Highest 
strength and hardness are obtained by tempering at 600F or 
below, and the alloy has best corrosion resistance in this 
fully hardened condition When tempered above 1100F, 
astings have improved ductility and impact strength, but 
corrosion resistance is somewhat decreased. Poorest corro- 
sion resistance results from tempering around 1100 F. 

Types CB-30 and CC-50: These castings are normally sup- 
plied in the annealed condition. Annealing consists of heat- 
ing to 1450F minimum, furnace cooling to about 1000F, 
then air cooling 

Type CD-4MCu: For optimum corrosion resistance, a solu- 
tion anneal at 1950-2050 F followed by water quenching is 
sufficient. For maximum hardness (290-320 Bhn) and 
strength, an additional aging treatment for 3 hours in the 
range 850-950 F is required. 

Type CE-30: These castings are used in the as cast condi- 
tion for many applications. For maximum corrosion resist- 
ance and improved ductility, however, castings should be 
heated in the range 1950 to 2050F and then quenched in 
water, oil or air to hold as great a portion of the carbides 
in solution as possible. 


Characteristics 


Type CA-I5 is an iron-chromium alloy containing the 
minimum amount of chromium necessary to make the metal 
virtually rustproof and is similar to the original stainless 
steel used for cutlery. In addition to good atmospheric corro- 
sion resistance, the alloy provides excellent resistance to 
corrosion or staining by many organic media in relatively 
mild service. 

Characteristics of the alloy can be varied by heat treat- 
ment so that a wide range of hardness (144 to about 400 
Brinell) and other mechanical properties may be obtained. 
In the annealed condition, the ferrite matrix contains ag- 
glomerated carbide particles. Depending on the temperature 
of heat treatment, the hardened alloy exhibits a pearlitic 
to martensitic structure that results in a tough, corrosion- 
resistant material. 

If proper techniques are employed, CA-15 alloy castings 
have fairly good machining and welding properties. For 
improved machinability this grade is sometimes made with 
the addition of selenium. The alloy is magnetic and has 
a low coefficient of thermal expansion. 

Type CA-40 is an iron-chromium alloy similar to type 
CA-15, but its higher carbon content permits hardening of 
this grade to a maximum of about 500 Brinell. Corrosion 
resistance and other characteristics are about the same as 
for the lower carbon, CA-15 alloy. 

Type CB-30 is an iron-chromium alloy sufficiently high 
in chromium content to provide excellent resistance to cor- 
rosion by nitric acid, alkaline solutions and many organic 
chemicals. Maximum corrosion resistance is obtained when 
the carbon content is held below 0.20 per cent, but the 
alloy is normally made with carbon 0.20 to 0.30 per cent 
for improved castability. In contrast to the hardenable 
CA-15 grade, CB-30 alloy is practically nonhardenable by 
heat treatment. 

Castings of CB-30 alloy have fair ductility, but poor 
impact strength. They are readily machinable and can be 
welded successfully if proper technique is employed. The 
alloy is magnetic and has a low coefficient of thermal ex- 
pansion. 

Type CC-50 is an iron-chromium alloy which provides 
excellent resistance to dilute sulfuric acid in mine water, 
mixed nitric and sulfuric acids, and oxidizing acids of all 
types. 

This alloy cannot be hardened by heat treatment. Ductility 
and impact strength are very low, unless some nickel is 
present. 

Castings of CC-50 alloy are readily machinable and can 
be welded successfully if proper technique is employed. The 
alloy is magnetic and has a low coefficient of thermal ex- 
pansion. 

Type CD-4MCu is a precipitation-hardening, iron-chrom- 
ium-nickel alloy with extremely high mechanical properties 
and excellent corrosion resistance. Tensile strengths greater 
than 100,000 psi are developed through a duplex heat treat- 
ment. Resistance to a wide variety of corrodents is at least 
equal to that of the austenitic CF grades and resistance to 
stress corrosion is much higher. 

Type CE-30 is an iron-chromium-nickel alloy, high in 
chromium, but containing sufficient nickel to provide better 
strength and ductility than can be obtained with the high- 
chromium CC-50. The alloy is perticularly resistant to 
sulfuric acid and sulfites in the paper industry, dilute sul- 
furic acid with sulfurous acid, and sulfuric with nitric acid. 

The high chromium content limits a serious loss of 
corrosion resistance when the alloy is exposed to tempera- 
tures in the carbide precipitation range, 800 to 1600 F. For 
this reason, the alloy is useful where castings cannot be 
heat treated effectively or where they must be welded with- 
out subsequent heat treatment. Long exposure to tempera- 
tures around 1550 to 1600F, will promote embrittlement of 
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the alloy. CE-30 cannot be hardened by heat treatment, 
but the ductility and corrosion resistance can be improved 
somewhat by quenching the alloy from about 2000 F. 

Castings of CE-30 alloy have good machining and weld- 
ing properties. The alloy is magnetic, but not strongly so. 
Thermal expansion is about 50 per cent greater than for 
the iron chromium, CA, CB and CC types, and is com- 
parable to the CF grade. 


Applications 


Type CA-I5 alloy has been successfully used in the fol- 
lowing industries: Aircraft, architecture, chemical processing, 
food processing, marine, oil refining, metallurgical, power 
plant, pulp and paper. This alloy offers good resistance 
to corrosives of abrasive chemicals, alkaline liquors, ammonia 
water, atmosphere, boiler feed water, brass dross, coke oven 
gas, corrosive oils at high pressures and temperatures, food 
products, oxidizing acids, pulp, sodium carbonate, sodium 
nitrate, and steam. Typical castings include burning-torch 
gas distributor heads, bushings and liners, catalyst trays, 
fittings, furnace burner tips and pilot cones, gears, impellers, 
jet engine components, letters, placques, pump casings, rail- 
ings, shafts, ship propellers, skimmer ladles, stuffing boxes, 
turbine blades, valve bodies, and valve trim. 


Type CA-40 alloy has been successfully used in the fol- 
lowing industries: Food processing, glass, oil refining, power 
plants, pulp and paper. This alloy offers good resistance 
to corrosives of air, abrasives, dilute oxidizing acids, food 
products, glass, oxidizing atmosphere to 1200 F, sour crude 
oil (hot, high pressure), and steam. Typical castings in- 
clude choppers, cutting blades, cylinder liners, dyes, grind- 
ing plugs, hot oil plungers, flow control, molds, pump parts, 
casings, impellers, pump sleeve, shredder sleeves, steam tur- 
bine parts, valve trim, seat rings and wedges. 

Type CB-30 alloy has been successfully used in the fol- 
lowing industries: Chemical processing, food processing, heat 
treating, oil refining, ore roasting, and power plants. This 
alloy offers good resistance to corrosives of food products, 
hot ore, nitric acid, oil, oxidizing atmospheres to 1400 F, 
steam, and sulfur atmospheres. Typical castings include 
furnace brackets and hangers, pump parts, rabble arms, tube 
supports, valve bodies, and valve parts. 

Type CC-50 alloy has been successfully used in the fol- 
lowing industries: Chemical manufacturing, mining, pulp and 
paper, and synthetic-fiber manufacturing. This alloy offers 
good resistance to corrosives of acid mine water, alkaline 
liquors, nitric acid, and sulfurous liquors. Typical castings 
include bushings, cylinder liners, digester parts, pump cas- 
ings and impellers, valve bodies, and valve seats. 


Type CD-4MCu has been successfully used in the follow- 
ing industries: Chemical processing, marine, power plant, 
and pulp and paper. This alloy offers good resistance to 
concentrated sulfuric acid solution, strongly oxidizing nitric 
acid solutions, acid pulping liquors, sodium sulfite and so- 
dium carbonate solutions, brine, and steam. Typical cast- 
ings include pumps, impellers, valves, digester liners, and 
paper-making rolls. 

Type CE-30 alloy has been successfully used in the fol- 
lowing industries: Chemical processing, mining, oil refining, 
pulp and paper, and synthetic-fiber manufacturing. This 
alloy offers good resistance to corrosives of acid mine water, 
caustic soda, hot nitric acid, hot oil products, organic acids, 
and sulfite liquors. Typical castings include digester necks 
and fittings, fittings, circulating systems, fractionating towers, 
piping, pump bodies and casings, and valve bodies and parts. 


Design Considerations 
Types CA-15 and CA-40: Section thicknesses from 3/16 
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DESIGN DATA 


in. up can be cast satisfactorily in CA-15 alloy. Somewhat 
lighter sections are also feasible depending on casting design 
and pattern equipment. Some difficulty is encountered in 
running thin sections, however, and designs involving ap- 
preciable changes in sections should be avoided. This applies 
to the casting as cast, including finish allowance of 4 in. 
or more on surfaces to be machined. Unless the optimum 
hardness and strength attainable with CA-15 or CA-40 (or 
physical properties such as expansion coefficient or heat 
conductivity) are required, consideration should be given 
to other grades when designs are intricate. 

Types CB-30 and CC-50: Design considerations for this 
alloy are similar to the CA-15 type. However, if toughness 
is an important requirement, consideration should be given 
to one of the CF, CH or CK grades, unless the greater 
thermal expansion of these alloys cannot be tolerated. 

Types CD-4MCu and CE-30: These alloys have very good 
castability characteristics, thus permitting designs involving 
intricate shapes. Drastic changes in sections should be 
avoided, however, and uniform thickness should be maintained 
as far as possible. This applies to the casting as cast, in- 
cluding finish allowance of 1% in. or more on surfaces to 
be machined. 


Fabrication 


Weldability 


Type CA-15: These castings can be welded by metal-arc, 
inert-gas arc, and oxyacetylene gas methods. Metal-arc is 
most frequently used. Oxyacetylene welding is not advisable 
because of possible impairment of corrosion resistance caused 
by carbon pickup. Casting should be heated in the range 
400 to 600F before welding. After welding, it is cooled to 
not less than 300F, heated to 1125 to 1400F, held until 
uniform temperature throughout, then air cooled. Lime- 
coated electrodes of similar composition (AISI type 410) 
are recommended. 

Type CA-40: General welding considerations for this alloy 
are similar to those for CA-15. Lime-coated electrodes of 
similar composition (AISI type 420) are recommended. 


Type CB-30: Welding methods used for these castings are 
similar to those for CA-15. Before welding, castings should 
be heated in the range 600 to 800F. After welding, they 
are cooled to 150F or lower, heated to 1450F minimum, 
held until uniform temperature throughout, then air cooled. 
Lime-coated electrodes of similar composition (AISI type 
431) are recommended. 


Type CC-50: Welding methods for these castings are simi- 
lar to the CA-15 type. Before welding, castings should be 
heated in the range 350 to 400F. After welding, they are 
heated to 1650 F, held until uniform temperature throughout, 
then air cooled. Lime-coated electrodes of similar composi- 
tion (AISI type 446) are recommended. 


Types CD-4MCu and CE-30: Welding methods for these 
castings are similar to the CA-15 types. Preheating is not 
required. Postweld heat treatment is usually not necessary. 
Corrosion resistance and ductility, however, can be improved 
somewhat by quenching from 1950 to 2050 F. Lime-coated 
electrodes of similar composition are recommended. 


Machinability 


Most machining operations can be performed satisfactorily 
on castings of these alloys. The work-hardening rate of these 
grades are much lower than the iron-chromium-nickel types. 
But it is advisable in all cases that the tool be kept con- 
tinually entering into the metal. Slow feeds, deep cuts and 
powerful, rigid machines and tool mountings are necessary 
for best results. 
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ACI Types CF-3, CF-8, CF-20, CF-3M, CF-8M, CF-12M and CF-8C 


Data applies to all types unless noted 
Values are typical unless noted 


Type C, max Mn, max Si, max P, max S, max 


CF.3 0.03 
CF-8 0.08 
CF-20 0.20 
CF-3M 0.03 
CF-8M 0.08 
CF-12M 

CF-8C 


analyses 8 


Or Cb-Ta 10x C min, 1.35 max 


Physical Properties 


Modulus of Elasticity in 


Tension (psi) 28 x 10° 


(All Types) 
Density (lb per cu in.) (All Types) 
(microhm-cm). 76.2 (CF-8) 
(CF-3) 
(CF-20) 
(CF-8M) 
(CF-3M) 
(CF-12M) 
(CF-8C) 
(All Types) 


0.250 


Electrical Resistivity 


Specific Heat (Btu/lb/deg F) 
Thermal Conductivity 

(Btu/hr/sq ft/ft/deg F) 

At 212 F (CF-8) (CF-20) 

(CF-3) 

(CF-8M) 

(CF-3M) 

(CF-12M) 

3 (CF-8C) 

Ar 1000 I 12.1 (CF-8) (CF-20) 

(CF-3) 


12.3 (CF-3M)(CF-8M) 

(CF-12M) 

12.8 (CF-8C) 

Mean Cocf 
Expansior 
70-212 | (CF-8) 
(CF-3) 
(CF-20) 
(CF-8M) 
(CF-3M) 
(CF-12) 
(CF-8C) 
(CF-8) 
(CF-3) 
0.4x 10° (CF-20) 
.7x 10° (CF-8M) 
(CF-3M) 

(CF-12M) 

(CF-8C) 

(CF-8) 

(CF-3) 

(CF-8) 

(CF-3) 


L0Ox 10 


96x 10°° 
RGOy life 


70-1000 F 


70-1200 | 
70-1300 F 


Appre wimmate 
2600 (CF-8)(CF-8C) 
(CF-3) 
2575 (CF-20) 
255 (CF-8M) 
(CF-3M) 
(CF-12M) 


(deg F) 


2.00 
2.00 
2.00 


0.04 0.04 
0.04 0.04 
0.04 0.04 
0.04 0.04 
0.04 0.04 
0.04 0.04 
0.04 0.04 


Mo 2.0-3.0 


Cb 8 x C min, 
1.0 max! 


Magnetic Permeability 
(after heat treatment) 1.00-1.30 

1.20 

1.01 


1.50-2.50 
1.20-1.80 


Mechanical Properties 


Tensile Strength (psi) 


Water Quenched from 1950-2050 F.. 77,000 


77,000 
80,000 
80,000 


Water Quenched from above 2000 F 


Water Quenched from 1950-2100 F.. 
(CF-3M) 


Yield Strength (psi) 
Offset 0.2 per cent 


Water Quenched from 1950-2050 F 37,000 


(CF-8) 
(CF-3) 
(CF-8C) 
(CF-20) 
(CF-12M) 
(CF-8M) 
(CF-3M) 


38.000 
36,000 
42.000 
42.000 


Water Quenched from above 2000 F 
Water Quenched from 1950-2100 F.. 


Elongation in 2 Inches (per cent) 
Water Quenched from 1950-2050 F. . (CF-8) 
(CF-3) 
(CF-8C) 
Water Quenched from above 2000 F : 


Water Quenched from 1950-2100 F. . 
(CF-3M) 


Hardness Number 


Water Quenched from 1950-2050 F.. Bhn 140 (CF-8) 
(CF-3) 
Bhn 149 (CF-8C) 

Water Quenched from above 2000 F Bhn 163 (CF-20) 
Bhn 156-170 (CF-12M) 

Water Quenched from 1950-2100 F.. Bhn 156-170 (CF-8M) 
(CF-3M) 


Impact Strength—Charpy Keyhole (ft-Ib) 
Water Quenched from 1950-2050 F. . 73 
30 
Water Quenched from above 2000 F 60 
69 
Water Quenched from 1950-2100 F.. 
(CF-3M) 
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Heat Treatment 


Types CF-3 and CF-8 Castings: For maximum corrosion 
resistance, castings of these alloys should be heated in the 
range 1950 to 2050 F and then quenched in water, oil or 
air to ensure complete solution of carbides. 


Type CF-20 Castings: For maximum corrosion resistance, 
castings of CF-20 alloy should be heated in the range 2000 
to 2100 F and then quenched in water, cil or air to ensure 
complete solution of carbides. 


Types CF-3M, CF-8M and CF-12M Castings: For maxi- 
mum corrosion resistance, castings of these alloys should be 
heated in the range 1950 to 2100 F and then quenched in 
water, oil or air io ensure complete solution of carbides. The 
low side of the range may be used for types CF-3M and 
CF-8M castings, but CF-12M alloy should be quenched from 


above 2000 F. 


Type CF-8C Castings: Tyne CF-8C castings can be used 
as-cast, but they are normally supplied in the heat treated 
condition. Heat treatment consists of heating in the range 
1950-2050 F followed by quenching in water, oil or air to 
ensure complete solution of any chromium carbides that 
might have formed in the casting process. Holding time at 
temperature will vary with the thickness of casting sec- 
tions involved, but should be sufficiently long to heat all 
sections to a uniform temperature throughout. 


Characteristics 


Type CF-8 is an iron-chromium-nickel alloy having good 
strength and ductility, and excellent resistance to a wide 
variety of corrodents. The alloy is especially useful in re- 
sisting attack by strongly oxidizing media, such as boiling 
nitric acid. It is used in greater quantity than any other 
grade. Castings of CF-8 alloy have excellent sub-zero prop- 
erties, retaining high-impact strength at temperatures, below 

400 F. An extra-low carbon variety, type CF-3, having 
essentially the same characteristics as type CF-8, is available 
for use where castings cannot be heat treated after welding. 

As cast, the alloy contains chromium carbides and vary- 
ing amounts of ferrite (0 to 15 per cent) distributed through- 
out the matrix. The carbides must be put into solution by 
heat treatment to provide maximum corrosion resistance. 
If the heat-treated material is later exposed to tempera- 
tures in the range 800 to 1600 F carbides will be reprecipi- 
tated. Castings thus “exposed,” as in welding, must be so- 
lution heat treated again to restore full corrosion resistance. 
Type CF-8 cannot be hardened by heat treatment, but duc- 
tility is improved. 

Castings of CF-8 alloy have good machining and weld- 
ing characteristics. Thermal expansion is about 50 per cent 
greater than Types CA, CB and CC, and heat conduc- 
tivity is 30 to 50 per cent less. The alloy varies from non- 
magnetic to slightly magnetic depending on the composi- 
tion. Magnetic permeability is not appreciably affected by 
heat treatment. 


Type CF-20 contains a maximum of 0.20 per cent car- 
bon. The alloy serves satisfactorily in many types of oxi- 
dizing corrosion service, where its superior ductility and 
impact strength make it more useful than the iron-chro- 
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mium CB-30 alloy. Providing considerably better corrosion 
resistance than the iron-chromium CA-15, the CF-20 alloy 
is, in general, similar to the low carbon CF-8 grade, except 
that it is used for less severe operating conditions. 

As cast, the alloy contains chromium carbides. The car- 
bides must be put into solution by heat treatment to pro- 
vide maximum corrosion resistance. If the heat treated 
material is later exposed to temperatures in the range 800 
to i600 F carbides will be reprecipitated. Castings thus ex- 
posed, as in welding, must be solution heat treated again 
to restore full corrosion resistance. Type CF-20 alloy can- 
not be hardened by heat treatment. 

Castings of CF-20 alloy have good machining and weld- 
ing characteristics. Thermal expansion is about 50 per cent 
greater than types CA, CB and CC, and heat conductivity 
is 30 to 530 per cent less. In contrast to CF-8, the higher 
carbon content of the CF-20 alloy makes it virtually non- 
magnetic. 


Types CF-8M and CF-12M are _ iron-chromium-nickel- 
molybdenum alloys differing only in carbon content. They 
are modifications of CF-8 alloy to which molybdenum is 
added to enhance general corrosion resistance and to pro- 
vide greater strength at elevated temperatures. The alloys 
have good resistance to reducing corrosive media, and are 
substantially more resistant to pitting corrosion than the 
CF-8 grade, when exposed to chlorides as in sea water. 
Although not quite so resistant to strongly oxidizing cor- 
rodents such as boiling nitric acid, the molybdenum-con- 
taining alloys are more stably passive than CF-8 under 
weakly oxidizing conditions. Type CF-3M is an extra-low 
carbon variety, having essentially the same characteristics as 
type CF-8M, used where castings cannot be heat treated 
after welding. 

The low-carbon CF-8M grade is more strongly magnetic 
than the higher carbon CF-12M alloy. By suitable balanc- 
ing of the compositions, both types can be made wholly 
austenitic and nonmagnetic. At operating temperatures of 
1200 F or higher, ferrite may transform to the brittle sigma 
phase and under such conditions the balanced CF-12M is 
generally preferred. Maximum corrosion resistance, how- 
ever, is associated with low carbon and high chromium 
contents, and for this reason the partially ferritic CF-8M 
type is usually employed at operating temperatures below 
1000 F. 

Castings of CF-8M and CF-12M alloy have good machin- 
ing and welding characteristics. Thermal expansion is about 
50 per cent greater than alloys CA, CB and CC, and heat 
conductivity is 30 to 50 per cent less. The alloys are duc- 
tile and are the strongest of the 19 Cr, 9 Ni types 


Type CF-8C is an iron-chromium-nickel-columbium alloy 
especially useful for field welding, or for service involving 
long exposure to elevated temperatures. It is a modification 
of the CF-8 type to which columbium (or columbium plus 
tantalum) is added to prevent grain boundary precipitation 
of chromium carbides when the material is heated in the 
range 800 to 1600 F. The alloy is normally used for the 
same types of service as CF-8, and provides approximately 
equivalent corrosion resistance. 

There is no advantage in using this alloy instead of CF-8 
if castings can be conveniently solution heat treated after 
welding, or where there is no danger of exposure to tem- 
peratures above 800 F in service. 

Castings of the CF-8C type have good machining and 
excellent welding characteristics. Thermal expansion is about 
50 per cent greater than types CA, CB and CC, and heat 
conductivity is 30 to 50 per cent less. Electrical resistance 
is about five times that of carbon steel. The alloy is slightly 
magnetic. 
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DESIGN DATA 


Applications 


Type CF-8 alloy has been successfully used in the follow- 
ing industries: Aircraft, architectural, A.E.C., beverage and 
brewing, brass mill, chemical processing, electronic, food 
processing, marine, military and naval, oil refining, oxy- 
gen manufacturing, pharmaceutical, photographic, plastics, 
power plant, pulp and paper, sewage, soap manufacturing, 
steel mill, synthetic fibre, and textile. This alloy offers 
good resistance to corrosives of adepic acid, antibiotics and 
drugs, bleaching compounds, copper sulfate 190F, dye, fatty 
acids, film developer, fruit juices, gasoline, hot air, hot 
water, hydrocarbons, hypo, mixed H,SO-—HNO,, nicotinic 
acid, nitric acid (hot and concentrated), organic liquids and 
acids, organic salts, potassium sulfate 1000 F, sea water, 
sewage, sodium carbonate, sodium sulfite, steam, sub-zero 
gases, sulfur dioxide at —20 F 60 psi, 50 per cent sulfuric 
acid, vinegar, and white liquor. Typical castings include 
architectural trim, kitchen fittings, autoclaves, blast furnace 
bushings, catapult parts, computer parts, cooling gage, dye 
padder rolls, engine mountings, fan parts, filter press plates 
and frames, fittings, flanges, guide roller sleeves, hardware, 
headers, heating coils, marine fittings, mixing agitators and 
propellers, mixing kettles, oil-burner throat rings, packing 
rings, periscope tubes, pumps, pump sleeves, radar tubing, 
retaining rings, rotary strainers, sanitary fittings, scrubber 
castings, shaft sleeves, spray nozzles, stuffing boxes, and 
valve bodies and trim 


Type CF-20 alloy has been successfully used in the fol- 
lowing industries: Architectural, chemical processing, ex- 
plosives manufacturing, food and dairy, marine, oil re- 
finery, pharmaceutical, power plants, pulp and paper, and 
textile. This alloy offers good resistance to corrosives of 
atmosphere, bleaching compounds, caustic salts, food prod- 
ucts, hydrocarbon vapors, sulfite liquor, and sulfurous acid. 
Typical castings include circuit-breaker parts, cylinder liners 
and sleeves, pumps, return bends, rolls, street markers, valve 


bodies and parts. 


Types CF-8M and CF-12M alloys have been successfully 
used in the following industries: Aircraft, A.E.C., chemical 
processing, electronic, fertilizer, food processing, guided mis- 
sile, marine, mining, oil refining, pharmaceutical, photo- 
graphic, plastics, power plant, soap, synthetic fibre, syn- 
thetic rubber, and textile. These alloys offer good resistance 
to corrosives of acetone, acetic acid, alkaline carbonate, 
amyl-acetate, ash-laden water, benzene hexachloride, black 
liquor, bleaching compounds, blood plasma, chloride solu- 
tions, copper refining electrolyte, crude methacrylic acid, 
dyes (hot), fatty acids, high sulfur mine waters, hydro- 
carbon vapors, hydrogen peroxide, phosphoric acid (to 85%, 
to 200 F), riboflavin syrup, salt water, slurries (phosphoric 
plus sulfuric and hydrofluoric acids), steam at high pres- 
sures and temperatures, sulfate and sulfite liquors, sulfuric 
acid (dilute or concentrated, oleum), sulfurous acid, and 
vinyl alcohol. Typical castings include agitators, blast plates, 
centrifuges, evaporator parts, filter press plates and frames, 
fittings, jet-engine components, mixing propellers, pump 
parts, radar masts, rolls, spool heads, spray nozzles, high 
pressure steam valves, and valve bodies and parts. 


Type CF-8C alloy has been successfully used in the fol- 
lowing industries: Aircraft, A.E.C., chemical processing, ma- 
rine, oil refining, and plastics. This alloy offers good re- 
sistance to corrosives of hydrogen sulfide gas, petroleum 
products at high temperatures and pressures, plastics, and 
products of combustion of high octane gasoline. Typical 
castings include aircraft shroud assemblies, autoclaves, chemi- 


O8 


cal tubing, digesters, engine exhaust fittings, filter press 
plates, fittings (welding), glands, jet-engine parts, marine 
fittings, port plates, pump parts, rotors, tank parts, and 
valve bodies. 


Design Considerations 


Section thickness from 3/16 in. up can be cast satisfac- 
torily in these alloys. Somewhat lighter sections are also 
feasible depending on casting design and pattern equip- 
ment. Good castability of these alloys permits designs in- 
volving intricate shapes. Drastic changes in section should 
be avoided, however, and uniform thickness should be main- 
tained as far as possible. This applies to the casting as cast, 
including finish allowance of 4% in. or more on surfaces 
to be machined. 


Fabrication 


Dimensional tolerances for rough castings are influenced 
by the quality of pattern equipment provided. In general, 
over-all dimensions and locations of cored holes can be held 
to 1/16 in. per foot. 


Weldability 


Type CF-8: These castings can be welded by metal-arc, 
inert-gas arc, and oxyacetylene gas methods. Metal-arc is 
most frequently used. Oxyacetylene welding is not advis- 
able because of possible impairment of corrosion resistance 
caused by carbon pick-up. Preheating is not required, but 
after welding castings should be quenched from 1950 to 
2050 F to restore maximum corrosion resistance. Lime- 
coated electrodes of similar composition (AISI Type 304) 
are recommended. 


Type CF-12: Welding methods for this alloy are similar 
to the CF-8 type. Preheating is not required, but after weld- 
ing castings should be quenched from 2000 to 2100 F to 
restore maximum corrosion resistance. Lime-coated electrodes 
of similar composition (AISI Type 302) are recommended. 


Types CF-8M and CF-12M: Welding methods for these 
alloys are similar to the CF-8 type. Preheating is not re- 
quired, but after welding castings should be quenched from 
1950-2100 F to restore maximum corrosion resistance. Post- 
weld heat treatment may be omitted provided castings will 
not be exposed to highly corrosive solutions. Lime-coated 
electrodes of similar composition (AISI Type 316) are rec- 
ommended. 


Type CF-8C: Welding methods for this alloy are similar 
to the CF-8 type. Preheating is not required, but after 
welding castings may be quenched from 1950 to 2050 F 
to restore maximum corrosion resistance. Postweld heat treat- 
ment usually is not necessary. Lime-coated electrodes of 
similar composition (AISI Type 347) are recommended. 


Machinability 


Most machining operations can be performed satisfactorily 
on these castings. It is important in all cases that the tool 
be kept continually entering into the metal to avoid work- 
hardening on the surface from rubbing or scraping. Slow 
feeds, deep cuts, and powerful rigid machines and tool 
mountings are necessary for best results. 
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Corrosion-Resistant Steel Castings 





ACI Types CF-16F, CH-20, CK-20 and CN-7M 


Data applies to all ty unless noted. 
Values are typical unless noted. 


C,max Mn,max Si, max P, max S, max 


0.16 1.50 2.00 0.17 0.04 


0.20 1.50 2.00 0.04 0.04 

analyses > 
Cc 0.20 1.50 2.00 0.04 0.04 
0.07 1.50 1.50 0.04 0.04 


Physical Properties Mechanical Properties 


Modulus of Elasticity in Tensile Strength (psi) 
Tension (psi) (CF-16F) 
(CH-20) Water Quenched from above 2000 F . 
(CK-20) 
(CN-7M) Water Quenched from 2100 F 
Water enched from 1950-2050 F . 
Density (Ib per cu in.) ........ : ; (CF-16F) 


Yield Strength (psi) 


Offset = 0.2 per cent 
Water Quenched from above 2000 F. 


Water Quenched from 2100 F . 
Water Quenched from 1950-2050 F ... 31, 


Electrical Resistivity (microhm-cm) . 


Specific Heat (Btu/Ib/deg F) 12 (CHO Elongation in 2 Inches (per cent) 
(CK-20) Water Quenched from above 2000 F .. 2 


(CN-7M) 
Water ched from 2100 F 37 
Tepe the/an tude Water Quenched from 1950-2050 F | 48 
(Btu/hr/sq ft/ft/deg F) 
(CHO, Hardness Number 


Rost ™ Water Quenched from above 2000 F .. 
(CF-IGF) Water Quenched from 2100 F 


ta Water Quenched from 1950-2050 F 


Mean Coefficient of Thermal Impact—Charpy Keyhole (ft-lbs) 
Expansion (per deg F) 
WOE bles suicedincdkceS eae 9.0x10 (CF-I6F) Water Quenched from above 2000 F .. 
83x1l0® (CH-20) 
8.0 x 10°¢ CK-20) Water Quenched from 2100 F 
8.6x10° (CN-7M) Water Quenched from 1950-2050 F .. 
99x10 (CF-16F) —_——— 
96x 10° (CH-20) 1Izod V-Notch 
9.2x 10°¢ (CK-20) 
97x10 (CN-7M) 


Approximate Melting Point Heat Treatment 
) 2550 (CF-16F) 
2600 (CH-20) For maximum corrosion resistance, castings of these alloys 
. (CK-20) should be heated in the range 1950 to 2150 F and then 
2650 (CN-7M) . : - : 
quenched in water, oil or air to ensure complete solution 
Magnetic Permeability . of carbides. Holding time at temperature will vary with 
(After heat treatment) 1.00-2.00 the thickness of casting sections involved, but should be 


1.71 <2 : ‘ 
1.02 (CK-20) sufficiently long to heat all sections to a uniform tempera- 
1.01-1.10 (CN-7M) ture throughout. 
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DESIGN DATA 


Characteristics 


Type CF-I6F is an iron-chromium-nickel alloy similar to 
CF-8 and CF-20, to which small amounts of selenium, 
either with or without molybdenum, and phosphorus have 
been added to improve machinability. Corrosion resistance 
of this alloy is somewhat inferior to the CF-20 type, but 


is adequate for many purposes. 


As cast, the alloy has an essentially austenitic structure 
containing chromium carbides and varying amounts of fer- 
rite (0 to-15 per cent) distributed throughout the matrix. 
The carbides must be put into solution by heat treatment 
to provide maximum corrosion resistance. Complex selenides, 
which are present in both the as-cast and heat treated 
material, contribute a free-machining quality to these alloys 
by serving as chip breakers. If the heat treated material is 
later exposed to temperatures in the range 800 to 1600 F 
carbides will be reprecipitated. Castings thus exposed, as 
in welding, must be solution heat treated again to restore 
full corrosion resistance. Type CF-16F cannot be hardened 
by heat treatment, but ductility is improved. 


Castings of CF-I6F alloy have excellent machining and 
good welding characteristics. Thermal expansion and other 


physical properties are similar to the CF-8 grade. 


Type CH-20 is an iron-chromium-nickel alloy similar 
to CE-30, but with somewhat higher nickel and lower 
chromium and carbon contents. Mechanical properties of 
this alloy lie between those of CE-30 and CF-8. It is more 
ductile than CE-30 but not as strong, and stronger than 
CF-8 but not as ductile. The higher nickel and chromium 
contents impart to this alloy considerably better resistance 
to certain corrosive media than is available with the CF-8 
type, and also make it less susceptible than CF-8 to inter 
grenular corrosion after exposure to carbide precipitation 
temperatures. It is used most frequently in applications in 
volving contact with hot dilute sulfuric acid. This grade 
is sometimes made with carbon limited to 0.10 per cent 
maximum (CH-10), and with a molybdenum addition 
(CH-I0M) to provide further improvement over the re- 
sistance of the CF-8 and CF-8M grades. 


the alloy has an essentially austenitic structure 
containing chromium carbides and small amounts of fer- 
rite distributed throughout the matrix. The carbides must 
be put into solution by heat treatment to provide maximum 
corrosion resistance If the heat treated material is later ex- 
posed to temperatures in the range 800 to 1600 F carbides 
will be reprecipitated. Although not as insensitive to the 
detrimental effect of such precipitation as the higher chro- 
mium CE-30, the CH-20 alloy has less tendency than the 
CF-8 grade to suffer from intergranular attack, particularly 
if the elevated temperature exposure is of short duration. 
Type CH alloys cannot be hardened by heat treatment, but 


ductility and strength are improved. 


Castings of the CH-20 alloy have fair machinability and 
good weldability. Thermal expansion is slightly less than 
the CF alloy types. Thermal conductivity is lower than 
for the CF grades, and electrical resistance about 10 per 


cent higher The alloy is slightly magnetic 


Type CK-20 is an iron-chromium-nickel alloy containing 
slightly more chromium and considerably more nickel than 
the CH-20 grade. It is used for special service conditions 
at high temperatures, handling about the same corrodents 
as CH-20. The alloy provides good resistance to dilute 
sulfuric acid and resists many corrodents more effectively 
than the CF-8 type. Because of its high alloy content it 
is usually employed only where specific requirements war- 


rant the cost 


As cast, the alloy has an austenitic structure containing 
chromium carbides distributed throughout the matrix. The 
carbides must be put into solution by heat treatment to 
provide maximum corrosion resistance. If the heat treated 
msterial is later exposed to temperatures in the range 800 
to 1600 F carbides will be reprecipitated. Although not as 
irsensitive to the detrimental effect of such precipitation 
a: the higher chromium CE-30, the CK-20 alloy has less 
tendency than the CF-8 grade to suffer from intergranular 
attack, particularly if the elevated temperature exposure is 
ol short duration. Type CK alloy cannot be hardened by 
heat treatment, but ductility and strength are improved. 


Casting: of the ijype CK-20 alloy have good machining 
and welding characteristics. Thermal expansion is slightly 
less than the CF alloy types. Thermal conductivity is lower 
than for the CF grades, and electrical resistance about 15 
per cent higher than CF-8. The alloy is virtually non- 
magnetic. 


Type CN-7M covers a group of related complex iron- 
nickel-chromium-molybdenum-copper alloys that contain 
more nickel than chromium. The high nickel content to- 
gether with the added elements molybdenum and copper 
give these alloys especially good resistance to sulfuric acid 
and many reducing chemicals. Whereas the chromium pre- 
dominant alloys have poor or no resistance to hydrochloric 
acid, type CN-7M has good resistance to dilute acid and 
hot chloride salt solutions. The alloy will also resist nitric 
acid satisfactorily. 


In the heat treated condition, type CN-7M has an aus- 
tenitic structure. As in the iron-chromium-nickel grades, 
carbides must be put into solution by heat treatment to 
provide maximum corrosion resistance and to eliminate 
susceptibility to intergranular attack. Castings later exposed 
to temperatures in the range 800 to 1600 F must be heat 
treated again to restore full corrosion resistance. Type CN-7M 
cannot be hardened by heat treatment. 


Castings of the CN-7M type have excellent machining and 
fair welding characteristics. Thermal expansion and other 
physical properties are comparable to the CF grades. The 
alloy is virtually non-magnetic. 


Applications 


Type CF-I6F alloy has been successfully used in the fol- 
lowing industries: Architectural, chemical processing, ex- 
plosives manufacturing, food and dairy, marine, oil refin- 
ery, pharmaceutical, power plants, pulp and paper, and tex- 
tile. This alloy offers good resistance to corrosives of at- 
mosphere, bleaching compounds, caustic salts, food prod- 
ucts, hydrocarbon vapors, sulfite liquor, and sulfurous acid. 
Typical castings include bearings, bushings, fittings, flanges, 
machinery parts, pump casings, and valves. 


Type CH-20 alloy has been successfully used in the fol- 
lowing industries: Chemical processing, power plant, and 
pulp and paper. This alloy offers good resistance to corro- 
sives of sulfite liquor, and sulfuric acid (hot, dilute). Typi- 
cal castings include digester fittings, pumps and parts, roast- 
ing equipment, valves, and water strainers. 


Type CK-20 alloy has been successfully used in the fol- 
lowing industries: Aircraft, chemical processing, oil refin- 
ing, and pulp and paper. This alloy offers good resistance 
to corrosives of hot oil products around 1200 F, sulfite liquor, 
and sulfuric acid (dilute). Typical castings include digesters, 
filter press plates and frames, fittings, jet engine parts, mix- 
ing kettles, pumps, return bends, tar still fittings, and valves. 
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Type CN-7M alloy has been successfully used in the fol- 
lowing industries: Chemical processing, food processing, metal 
cleaning and plating, mining, munitions manufacturing, oil 
refining, paint and pigment, pharmaceutical, Plastics, pulp 
and paper, soap and detergent, steel mill, synthetic rubber, 
and textile and dye. This alloy offers good resistance to 
corrosives of acetic acid (hot), brines, caustic solutions 
(strong, hot), hydrochloric acid (dilute), hydrofluoric and 
hydrofluosilicic acids (dilute), nitric acid (strong, hot), nitric- 
hydrofluoric pickling acids, sulfates and sulfites, sulfuric acid 
(all concentrations to 150 F, many to 176 F), sulfurous 
acid, phosphoric acid, and plating solutions. Typical cast- 
ings include filter parts, fittings, heat exchanger parts, in- 
dustrial mixer components, pickling rolls, pickling hooks 
and racks, pump parts, steam jets, tanks and towers, valve 
bodies and parts, and ventilating fans. 


Design Considerations 


Section thicknesses from 3/16 in. up can be cast satis- 
factorily in these alloys. Somewhat lighter sections are also 
feasible depending on casting design and pattern equipment. 
Good castability of this alloy permits designs involving in- 
tricate shapes. Drastic changes in section should be avoided, 
however, and uniform thickness should be maintained as 
far as possible. This applies to the casting as cast; i.e., in- 
cluding finish allowance of 4 in. or more on surfaces to 


be machined. 


Fabrication 


Dimensional tolerances for rough castings are influenced 
by the quality of pattern equipment provided. In general, 
over-all dimensions and locations of cored holes can be 
held to 1/16 in. per foot. 


Weldability 


Type CF-I6F: These castings can be welded by metal- 
arc, inert-gas arc and oxyacetylene gas methods. Metal-arc 


is most frequently used. Oxyacetylene welding is not ad- 
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visable because of possible impairment of corrosion resist- 
ance caused by carbon pick-up. Preheating is not required, 
but after welding castings should be quenched from 2000 
to 2100 F to restore maximum corrosion resistance. Lime 
coated electrodes of similar composition (AISI Type 304 
or 303) are recommended. 

Type CH-20: Welding methods for this alloy are similar 
to the CF-16F type. Preheating is not required, but after 
welding castings should be quenched from 2000 to 2100 F 
to restore maximum corrosion resistance. Post-weld heat 
treatment may be omitted providing castings will not be 
exposed to highly corrosive solutions. Lime coated electrodes 
of similar composition (AISI Type 309) are recommended. 

Type CK-20: Welding considerations are similar to types 
CF-16F and CH-20, except quenching temperature range is 
2000 to 2150 F and recommended electrodes are AISI 
Type 310. 

Type CN-7M: Welding methods for this alloy are similar 
to the CF-16F type. Castings should be heated to 400 F 
before welding. This is most important in restrained sections 
since the weld metal is susceptible to cracking. After 
welding, castings should be slowly cooled and then re- 
heated to 2000 F and water quenched. ‘ime coated elec- 
trodes of similar composition are recommended. 


Machinability 


Most machining operations can be performed satisfactorily 
on castings of these alloys. It is important in all cases that 
the tool be kept continually entering into the metal in 
order to avoid work-hardening the surfexe from rubbing 
or scraping. Slow feed, deep cuts, and powerful, rigid ma- 
chines and tool mountings are necessary for best results. 
Work should be firmly mounted and supported, and tool 
mountings should provide maximum stiffness. Both high 
speed steel and carbide tools may be used successfully. 

Good lubrication and cooling are essential. The low ther- 
mal conductivity of these alloys makes it most important 
to have the cutting fluid flood both the tool and the work. 
For CF-16F castings, sulfo-chlorinated petroleum oil with- 
out a fatty base oil containing active sulfur is recommended 
for high speed steel tools. For CH-20, CK-20 and CN-7M 
castings, 8 to 10 per cent fatty oil should be added to 
the cutting fluid. Water-soluble cutting fluids are primarily 
coolants and are most useful for high speed operation with 
carbide tools. 





Heat-Resistant Alloy Castings 
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ACI Types HA, HC, HD, HE and HF 


Data applies to all types unless noted 
Values are typical unless noted 


Type C, max Mn, max Si, max P, max S, max 
HA 0.20 0.35-0.65 1.00 0.04 0.04 
HC 0.50 1.00 2.00 0.04 0.04 
analyses s HD 05) 1.50 2.00 0.04 0.04 
HE 0.20-0.50 2.00 2.00 0.04 0.04 
HF 0.20-0.40 2.00 2.00 0.04 0.04 


'Molybenum not intentionally added 


92x lué 


Physical Properties i.ie* 


Modulus of Elasticity in 10.9 x 10°* 
Tension (psi) 29x 10° (CHA)(HC) 8.7 x 10°¢ 
27 x 10° (HD) 10.3 x 10°¢ 

25 x 10® 12.2x 10°¢ 

28 x 10° 11.1 x 10°* 

Density (16 per cu in.) oe 0.279 - 9.3 x 10°6 
0.272 10.6 x 10°* 


le 


0.274 12.5x 106 

0.277 Approximate Melting Point (deg F) 2750 HA) 

0.280 2725 (HC) 
Electrical Resistivity (microhm-cm) 70.0 2700 (HD) 
77.0 2650 (HE) 
81.0 2550 
85.0 Magnetic Permeability Ferromagnetic (HA)(HC) 
80.0 (HD) 
0.11 (HA) 1.3-2.5 (HE) 
0.12 1.0 (HF) 


Specific Heat (Btu/lb/deg F) 


Thermal Conductivity Mechanical Properties 
(Btu/hr/sq ft/ft/deg F) Tensile Strength (psi) 


At 212 F on (HAD 
) 95,000 
(HF) 70,000 
(HA) 110,000 
ama ee sae 95,000 
Normali at 

(HC) (HD) Tempered at 1250 F ....... 107,000 

a Aged 24 Hours at 1400 F ; 
At 2000 F _ 24.2 (HC)(HD) Furnace Cooled yoyo 
(HF) 100.000 


nu 


OvVRCOORhy 


At 1000 F 


ye 
Win 


At 1500 F 


Mean Coefficient of Thermal ° P 
Exsension (per deg F) Yield Strength (psi) 
70-212 F 6.1x 10° (HA) Offset = 0.2 per cent - 
71x10¢ (HA) As Cast a ; 45,000 (HE) (HF) 
72x10% 48,000 (HD 
70-1000 F 6.3 x 10°¢ 65,000 (HC) 
7.7x 10° 75,000 (HC)? 
96x 106 Annealed a (HA) 
99x 10-6 lormalized at 1825 F 
70-1200 F .. 75x10 Tempered at 1250 F 31, (HA) 
64x 10-6 Aged 24 Hours at 1400 F 
80x 106 Furnace Cooled 
99x 10°¢ 
10.1 x 10°* 
70-1400 F 6.6 x 10-6 Elongation in 2 Inches (per cent) 
8.3 x 10°6 As Cast me fy! ieeat 
102x108 « 
10.3x 104% 
70-1600 F 7.0 x 10°* 
R6x104 
10.5 x 10°* 23 (HA) 
10.4x 10°¢ HF) Normalized at 1825 F 
7.4x 10° ; Tempered at 1250 F (HA) 
89x 10-6 Aged 24 Hours at 1400 F 
10.8 x 10°¢ Furnace Cooled (HC) 
10.5x 10° (HE) 


70-2000 F 7.7x 10 25 (HF) 
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Hardness Number 
(HD) 
(HE) 


( 
acy’ 
(HC)? 
(HA) 
Normalized at 1825 F 
Tempered at 1250 F (HA) 
Aged 24 Hours at 1400 F 


Furnace Cooled 270 (HE) 
190 (HF) 


Elevated Temperature Properties 
Tensile Strength (psi) 


67,000 (HA) | 
44,000 (HA 

57,000 
36,000 


35,000 
73,000 
2000 
15,000 


42,000 
32,000 
21,550 


Elongation in 2 Inches (per cent) 
36 


Limiting Creep Stress (psi) 
Rate, 0.0001 per cent/hr 


‘Under 1.0 per cent Ni, low N 
2Over 2.0 per cent Ni with 0.15 per cent N min. 
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Heat Treatment 


These castings are normally used in the as-cast condition. 


Type HA castings can be annealed to obtain maximura 
softness by heating to 1625 F, or slightly higher, and then 
slowly cooling in the furnace at about 50 F per hour to 
below 1300 F. For improved strength, HA castings can be 
normalized by heating to 1825 F and then air cooling to 
below 1300 F, followed by tempering at about 1250 F. 


Type HF castings cannot be hardened by heat treatment, 
but, if service conditions involve repeated heating and 
cooling, improved performance may be obtained by heating 
castings at 1900 F for 6 hr, followed by furnace cooling 
prior to placing in service. 

Types HC, HD and HE casting cannot be hardened by 
heat treatment. 


Characteristics 


Type HA is an iron-chromium-molybdenum alloy contain- 
ing sufficient chromium to provide good resistance to oxi- 
dation at temperatures up to about 1200 F. The molybde- 
num content contributes desirable strength properties to the 
alloy at moderate temperatures. The alloy hardens on cool- 
ing in air from temperatures above 1500 F. In the nor- 
malized and tempered condition, the alloy exhibits satis- 
factory toughness throughout its useful temperature range. 

Type HA has fairly good machining and welding prop- 
erties if proper techniques are employed. The alloy is mag- 
netic and has a low coefficient of thermal expansion. 

Type HC is an iron-chromium alloy which provides ex- 
cellent resistance to oxidation and _high-sulfur-containing 
flue gases at temperatures as high as 2000 F. This grade is 
limited to applications where strength is not a considera- 
tion, or for moderate load-bearing service around 1200 F. 
It is also used where appreciable nickel cannot be tolerated, 
as in very high sulfur atmospheres, or where nickel tends 
to crack hydrocarbons through catalytic action. 


This alloy is not hardenable by heat treatment. Duc- 
tility and impact strength are very low at room tempera- 
ture. Creep strength is very low at elevated temperature, 
unless some nickel is present. In the HC alloy containing 
over 2 per cent nickel, substantial improvement in these 
properties is obtained by increasing the nitrogen content 
to 0.15 per cent or more. 

Castings of HC alloy are readily machinable. They can 
be welded successfully if proper technique is employed. The 
alloy is magnetic and has a low coefficient of thermal ex- 
pansion. Electrical resistivity is about eight times that of 
carbon steel and thermal conductivity half. Heat conduc- 
tion, however, is roughly twice that of iron-chromium- 
nickel alloys. 

Type HD is an iron-chromium-nickel alloy very similar 
in general properties to the HC type, but containing about 
5 per cent nickel. Its high chromium content makes this 
grade suitable for use in high-sulfur atmospheres. The ad- 
dition of nickel provides somewhat greater strength at high 
temperatures than exhibited by the other straight chromium 
alloys. 

This alloy is nonhardenable by customary heat treating 
procedures. However, long exposure to temperatures in the 
range 1300 to 1500 F may result in considerable hardening 
of the alloy. This is accompanied by severe loss of room- 
temperature ductility. Ductility may be restored by heating 
the alloy to a uniform temperature of 1800 F, or higher, 
and then cooling rapidly to below 1200 F. 

Castings of HD alloy have good machining and welding 
properties. Electrical resistivity and thermal conductivity 
are similar to type HC, but thermal expansion coefficients 
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are about 20 per cent higher. The alloy is magnetic. 

Type HE is an iron-chromium-nickel alloy containing 
enough chromium to be suitable for service up to 2000 F 
and having sufficient nickel to make it stronger and more 
ductile than the straight-chromium types at room tem- 
perature in the as-cast condition. At high temperatures, the 
alloy has excellent corrosion resistance, good ductility and 
moderate strength. It is the strongest grade having good 
resistance to very high-sulfur-content gases at high tem- 


peratures. 


Type HE castings cannot be hardened by heat treatment, 
but, like the HD grade, long exposure to temperatures 
around 1500 F will promote embrittlement of the alloy 
at room temperature. Ductility of this grade can be im- 
proved somewhat by quenching the alloy from about 2000 F. 

Castings of alloy HE have good machining and welding 
properties. Thermal expansion is about 50 per cent greater 
than for carbon steel or the iron-chromium HC type. Ther- 
mal conductivity is much lower than for types HD or HC, 
but electrical resistivity is about the same. The alloy is 


weakly magnetic 


Type HF is an iron-chromium-nickel alloy similar to type 
CF corrosion-resistant alloy, but containing somewhat more 
chromium and nickel, and substantially more carbon. The 
increased chromium content confers added resistance to oxi- 
dation at elevated temperature. The higher nickel and car- 
bon levels make this grade suitable for applications re- 
quiring high strength and corrosion resistance in the range 
12900 to 1600 F 

Aging at service temperatures usually results in higher 
room-temperature strength and some loss of ductility. Im- 
properly balanced alloys may be susceptible to embrittle- 
ment after long exposure at 1400 to 1500 F. 

Castings of type HF alloy have good welding and ma- 
chining properties. Thermal expansion is about 40 per cent 
greater than for types HA, HC and HD, and heat conduc- 
tivity is 25 to 60 per cent less. The alloy has about five 
times the electrical resistance of carbon steel. It is nor- 


mally nonmagnetic 


Applications 


Type HA alloy has been successfully used in the glass and 


oil-refining industries, and in air, flue gas, petroleum and 
steam environments. Typical castings include fan blades, 
furnace rollers, Lehr rolls, refinery fittings, and trunnions. 

Type HC alloy has been successfully used in the follow- 
ing industries: Cement, glass, heat treating, industrial fur- 
nace, oil refining, ore processing, paper, power and zinc 
refining. This alloy is satisfactory for environments of air, 
combustion gases, flue gases, high sulfur, and molten neu- 
tral salts. Typical castings include boiler baffles, electrodes, 
furnace grate bars, gas outlet dampers, kiln parts, lute rings, 
rabble blades and holders, recuperators, salt pots, soot blower 
tubes, support skids, and tuyeres 

Type HD alloy has been successfully used in the copper, 
glass, heat-treating, oil-refining, oil-processing, and steel in- 
dustries. It offers satisfactory resistance to environments of 
air, combustion gases, flue gases, high sulfur, molten copper 
and copper alloys, and molten neutral salts. Typical cast- 
ings include brazing furnace parts, cracking equipment, 
furnece blowers, gas burner parts, holding pots, kiln parts, 
pouring spouts, rabble shoes and arms, recuperator sections, 
and salt pots 

Type HE alloy has been successfully employed in the oil- 
refining, power, smelting and steel industries, and in en- 
vironments of air, flue gases, high sulfur, and steam. Typi- 
cal castings are billet skids, burner nozzles, dampers, fur- 
nace chains and conveyors, furnace door frames, oil-burner 
parts, rabble arms and blades, recuperators, rotating shafts, 
soot-blower elements, steam-generator parts, and tube supports. 


Type HF alloy has been used in the following industries: 
Aluminum, cement, glass, heat treating, industrial furnace, 
oil refining, and steel. It offers good resistance to environ- 
ments of air, combustion gases, oxidizing and reducing flue 
gases, and steam. Typical castings are arc-furnace electrode 
arms, annealing boxes and trays, baskets, brazing channels, 
burner tips, burnishing rolls, conveyor belts and chains, fan 
housings, furnace rails, gas burner rings, harderiing re- 
torts, hearth plates, Lehr rolls, pier caps, soaking pit damp- 
ers, tempering baskets, and wear plates. 


Fabrication 


Section thicknesses from 3/16 in. up can be cast satis- 
factorily in these alloys. Somewhat lighter sections are also 
feasible depending on casting design and pattern equip- 
ment. Drastic changes in section should be avoided, and 
uniform thickness should be maintained as far as possible. 
This applies to the casting as cast, including finish allow- 
ance of '% in. or more on surfaces to be machined. 

The frequently used design stress of 50 per cent of the 
stress that will produce a creep rate of 0.0001 per cent per 
hour at the maximum operating temperature should be 
applied only under conditions of direct axial static loading 
and essentially uniform temperature or slow-temperature 
variation. Where impact loading or rapid temperature cycles 
are involved, a considerably lower percentage of the limit- 
ing creep stress should be used. In the selection of design 
stresses, safety factors should be higher if the parts are 
inaccessible, nonuniformly loaded, or of complex design; 
they may be lower if the parts are accessible for replace- 
ment, fully supported or rotating, and of simple design with 
little or no thermal gradient. 


Design Considerations 


Dimensional tolerances for rough castings are influenced 
by the quality of pattern equipment provided. In general, 
over-all dimensions and locations of cored holes can be held 
to 1/16 in. per ft. 


Weldability 


These castings can be welded by metal-arc, inert-gas arc, 
and oxyacetylene gas methods. It is generally considered 
that metal-arc welding is more satisfactory for high-tem- 
perature applications of these alloys than oxyacetylene weld- 
ing. Lime-coated electrodes of similar composition are rec- 
ommended for arc welding. 

Type HA castings should be heated to 450-550 F before 
welding. After welding, castings should be heated to 1200- 
1300 F, depending on the original draw temperature, held 
sufficiently long to ensure uniform heating throughout the 
area and section involved, and then air cooled rapidly. 

Type HC castings should be heated to 600-1000 F before 
welding. Each bead should be peened before depositing the 
next bead. After welding, castings should be heated to 
1550 F, held sufficiently long to ensure uniform heating 
throughout the area and section involved. and then air 
cooled rapidly. 

Type HD castings do not usually require a preweld heat 
treatment. After welding, no heat treatment is usually re- 
quired, except to relieve welding stresses. 

Types HE and HF require neither preweld nor postweld 
heat treating. 


Machinability 

Most machining operations can be performed satisfac- 
torily on these castings. The work-hardening rate of this 
grade is much lower than that of the iron-chromium-nickel 
types, but it is advisable in all cases that the tool be kept 
continually entering into the metal. Slow feeds, deep cuts 
and powerful, rigid machines and tool mountings are nec- 
essary for best results. 
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ACI Types HH, HI, HK, HL and HN 


Data applies to all types unless noted. 
Values are typical unless noted. 


Type Cc Mn, max _ Si, max P, max S, max Mo! 
HH 0.20-0.50 2.00 2.00 0.04 0.04 0.5 
0.20-0.50 2.00 2.00 0.04 0.04 0.5 


HK 0.20-0.60 2.00 2.00 0.04 0.04 0.5 
analyses é 
HL 0.20-0.60 2.00 2.00 0.04 0.04 0.5 


HN 0.20-0.50 2.00 2.00 0.04 0.04 0.5 


‘Molybdenum not intentionally added. 


Mechanical Properties Physical Properties 


Modulus of Elasticity in Tension Tensile Strength (psi) 
27 x 10® (HH) (HD 
HN 


(HN) 80,000 (HH-Type 1) 
29x 10°  (HK)(HL) 


(HI) 
85,000 (HH-Type 2) 
ba - 5,000 
Density (Ib per cu in.) 0.279 cme [yn oan 
0.280 (HK) 68,000 (HN) 
0.283 (HN) Aged 24 Hours at 1400F - 
Furnace Cooled 86,000 (HH-Type 1) 
‘ ies , ae 92,000 (HH-Type 2) 
Electrical Resistivity (microhm-cm) 75-85 (HH) 90,000 (HI) 
90.0 (HK) 85,000 (HK) 
94.0 (HL) 


Specific Heat (Btu/lb/degF) ... 0.12 (HHH) Yield Strength (psi) 
(HK) (HL) Offset 0.2 per cent 
0.11 (HN) 50,000 (HH-Type 1) 


(HK) 
Thermal Conductivity 40,000 (HH-Type 2) 
(Btu/hr/sq ft/ft/deg F) = (HI) 
At 212F 8.2 (HH)(HK) yee od 
(HI) (HL) 3,000 (HN) 
At 1000F .... a 10.9 (HH)(HK) Aged 24 Hours at 1400 F 

(HI) (HL) Furnace Cooled 55,000 (HH-Type 1) 
At 1500F Ee 143 (HH) 45,000 (HH-Type 2) 

11.9  (HK)(HL) 69,000 

At 2000F LAS 16.4 (HH) ae 


Mean Coefficient of Thermal Elongation in 2 Inches (per cent) 


Expansion (in./in./deg F) F 
F 9.4x 10° (HH) Bi sed 
9.9 x 10-6 (HI) 3 ee 
92x10 (HK)(HL) 
70-1500F .... 10.0 x 10°* (HH) CLS 
6210* GmKGHS Aged 24 Hours at 1400 F 
70-9000 2 ~ 10-6 1 Furnace Cooled (HH-Type 1» 
70-2000 F 10.8 x 10 (HH) (HD 8 (HH-Ty 2) 
10.1x 10° (HK)(HL) ih 
1200-1800 F 12.1 x 10° (HH) 
120x 10% (HI) 
I1.1x 10 (HK) 
10.7 x 10° (HL) Hardness Number 


; . , , , Type 1) 
Approximate Melting Point (HH Type | 
(deg F) 2500 (HH)(HN) (HH-T ype 2) 
2550 (HI) (HK) 
2600 (HI 


Magnetic Permeability Aged 24 Hours at 1400 F 
1.0-1.7 Furnace Cooled (HH-Type 1) 
1.02 (HH-Type 2) 
1.01 (HD 
1.10 ¢ (HK) 
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Elevated Temperature Properties 


Tensile Strength (psi) 


’ 33,000 (HH-Type 1) 
x! 35,000 (HH-Type 2) 
38,000 (HI) 
50,000 (HL) 
1600 F 18,500 (HH-Type 1) 
22,000 (HH-Type 2) 
26,000 (HI) 
23,000 (HK) 
30,400 5 
9,000 (HH-Type 1) 
11,000 (HH-Type 2 
18,700 (HL) 


Yield Strength (psi) 


Offset 0.2 per cent 

1400 F 17,000 (HH-Type 1) 
18,000 (HH-Type } 

1600 F ; . 13,500 (HH-Type | 
14,000 (HH-Type 2) 

1800 F 6,300 (HH-Type 1) 
7,000 CHH-Type 2) 


Elongation in 2 Inches (per cent) 


; ee ae are (HI) 
1400 F i$ cmt 4 
500 F A 30 (HH-Type 

. 16 (HH-Type 2) 
21 (HK) 

12 (HI) 

1800 F 45 (HH-Type 1) 
30 (HH-Type 2) 


Limiting Creep Stress 


Rate, 0.0001 per cent/hr 

1400F . : 3,000 CHH-Type | 
7,000 CHH-Type 2 
6,600 HI 
6,800 ‘ 
7,000 HL 
1,700 CHH-Type I 
4,000 (HH-Type 2) 
3,600 (HI) 
4,200 
4,300 
6,300 (HN) 
1,100 CHH-Type 1) 
2,100 
1,900 
2.700 
2,200 
3,100 


) 
) 
) 
) 


1400 F, 10 hrs . 
1400 F, 100 hrs 


HN) 
20,000 CHH-Type 2) 
23,000 (HK) 
14,000 CHH-Type 1) 

(HH-Type 2) 
13,000 (HI) 


14,500 (HK) 
15,000 (HL) 
300 CHH-Type 1) 
800 CHH-Type 2) 
10,000 CHH-Type 2) 
8,500 (HI) 
9.000 (HK) 
10,000 CHH-Type 2) 
11,000 (HK 
6,400 CHH-Type 1) 
7,500 (HH-Type 2) 
(HI) 


1600 F, 10 hrs 
1600 F, 100 hrs . 


7,800 

9,200 

9,500 ( ) 
3,800 (HH-Type 1) 
4,700 CHH-Type 2) 
4,800 (HI) 
5,000 (HK) 
6,500 (HN) 


1600 F, 1000 hrs . 


4,700 (HH-Type 1) 
6,000 -Type 2) 
6 (HK) 


< 


BBESEses 


ghbees 


Heat Treatment 


These alloys cannot be hardened by heat treatment and 
castings are normally used in the as-cast condition. For alloys 
of medium-carbon content (about 0.30 per cent) in applica- 
tions involving thermal fatigue from rapid heating and cool- 
ing, improved performance sometimes may be obtained by 
heating castings at 1900F for 12 hours followed by furnace 
cooling prior to using. 


Characteristics 


Type HH is an iron-chromium-nickel alloy containing the 
minimum quantities of chromium and nickel in proportions 
to supply a useful combination of properties for elevated 
temperature service. The chromium range is high enough to 
ensure good scaling resistance up to 2000 F in air or normal 
combination gases. The various useful properties obtainable 
in the HH alloy make it suitable for a wide range of high- 
temperature applications and, for this reason, it is used in 
greater quantity than any other heat resistant grade. 

Two distinct grades of material can be obtained within 
the stated chemical composition range of the type HH alloy. 
These grades are the partially ferritic type-1 and the wholly 
austenitic type-2 HH alloy. The partially ferritic type-1 HH 
alloy is frequently considered best adapted to operating 
conditions which are subject to changes in temperature level 
and applied stress. Where load and temperature conditions 
are comparatively constant, the wholly austenitic type-2 HH 
alloy provides the highest creep strength and permits use of 
maximum design stress. Castings of HH alloy have good 
weldability and fair machining characteristics. 

Type HI is an iron-chromium-nickel alloy similar to type 
HH, but containing more nickel and chromium. The in- 
creased chromium content makes this grade more resistant to 
oxidation than the HH type, and the additional nickel serves 
to maintain good strength at high temperature. Exhibiting 
adequate strength, ductility and corrosion resistance, this 
alloy has been used at continuous temperature of 2150 F. 

Castings of HI alloy have good weldability and fair ma- 
chining characteristics. The alloy is virtually nonmagnetic. 

Type HK is an iron-chromium-nickel alloy somewhat 
similar to a wholly austenitic HH alloy in general charac- 
teristics and mechanical properties. Although not quite as 
resistant to oxidizing gases as type HC, HE or HI, the HK 
alloy has chromium content high enough to ensure good 
resistance of this grade to corrosion by hot gases, including 
sulfur bearing gases, in both oxidizing or reducing conditions. 


Macuine Destcn—Tue Ferrous Merats Boox 





The high nickel content helps to make the HK grade one 
of the strongest heat-resistant casting alloys at temperatures 
above 1900 F. Accordingly, HK type castings are widely used 
for stressed parts in structural applications up to 2100 F. 
Castings of type HK alloy have good weldability and ma- 
chining characteristics and the alloy is virtually nonmagnetic. 


Type HL is an iron-chromium-nickel alloy similar to type 
HK, but its higher chromium content gives this grade greater 
resistance to corrosion by hot gases, particularly those con- 
taining appreciable amounts of sulfur. Because essentially 
equivalent high-temperature strength can be obtained with 
either the HK or HL grades, the improved corrosion resistance 
of the HL alloy makes it especially useful for severe service 
where excessive scaling must be avoided. 


Type HN is an iron-chromium-nickel alloy containing 
sufficient chromium for good high-temperature corrosion 
resistance and with nickel content in excess of the chromium. 
The alloy has properties somewhat similar to the much more 
widely used HT alloy and has given satisfactory service in 
several specialized applications, notably brazing fixtures at 
temperatures of 2000 to 2100 F. 

Castings of HN alloy have good machining and welding 
properties if proper techniques are employed. 


Applications 


Type HH alloy has been successfully used in the following 
industries: Cement, chemical, furnace construction, glass, heat 
treating, oil refining, ore refining, and steel. This alloy offers 
good resistance to environments of air, ammonia, carburizing 
gas, combustion gases, flue gases (oxidizing and reducing), 
high sulfur gases, molten cyanide, steam and tar. Typical 
castings include annealing trays, billet skids, burner nozzles, 
carburizing boxes, convection-tube supports, dampers, exhaust 
manifolds, flue-gas stacks, grate supports, hardening trays, 
kiln nose-ring segments, muffles, normalizing discs, pier caps, 
quenching trays, rabble arms and blades, radiant tubes and 
supports, refractory supports, retorts, roller hearths and rails, 
stoker parts, and tube hangers. 


Type HI alloy has been successfully used in the following 
industries: Heat treating, magnesium reducing, and steel. This 
alloy offers good resistance to environments of air, flue gases 
oxidizing and reducing, and molten lead. Typical castings 
include billet skids, brazing fixtures, conveyor rollers, furnace 
rails, hearth plates, lead pots, pier caps, retorts, and tube 
spacers. 

Type HK alloy has been successfully used in the following 
industries: Aircraft, cement, heat treating, ore refining, and 
steel. This alloy offers good resistance to environments of 
air, carburizing gases, combustion gases, flue gases oxidizing 
and reducing, hydrogen, and molten neutral salts. Typical 
castings includ billet skids, brazing fixtures, calcining tubes, 
cement kiln-nose segments, conveyor rolls, furnace-door arches 
and lintels, heat-treating trays and fixtures, pier caps, rabble 
arms and blades, radiant tubes, retorts, rotating shafts, skid 
rails, sprockets, and stack dampers. 


Type HL alloy has been successfully used in the following 
industries: Steel, and vitreous enamel. This alloy offers good 
resistance to environments of air and flue gases. Typical cast- 
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ings include carrier fingers, enameling-furnace fixtures, fur- 
nace skids for slabs and bars, radiant tubes, and stack 


dampers. 


Type HN alloy has been successfully used in the following 
industries: Aircraft, automotive, and power. This alloy offers 
good resistance to environments of air, flue gases (oxidizing 
and reducing). Typical castings incude brazing fixtures, chain, 
furnace beams and parts, pier caps, radiant tubes and tube 
supports, sill-plate brackets, torch nozzles, and trays. 


Design Considerations 


Section thicknesses from 3/16 in. up can be cast satisfac- 
torily in these alloys. Somewhat lighter sections are also 
feasible depending on casting design and pattern equipment. 
Good castability of this alloy permits designs involving 
intricate shapes. Drastic changes in section should be avoided, 
however, and uniform thickness should be maintained as 
far as possible. This applies to the casting as cast, including 
finish allowance of 1/8 in. or more on surfaces to be ma- 
chined. 

The frequently used design stress of 50 per cent of the 
stress that will produce a creep rate of 0.0001 per cent per 
hour at the maximum operating temperature should be ap- 
plied only under conditions of direct axial static loading and 
essentially uniform temperature or slow temperature varia- 
tion. Where impact loading or rapid temperature cycles 
are involved, a considerable lower percentage of the limiting 
creep stress should be used. In the selection of design stresses, 
safety factors should be higher if the parts are inaccessible, 
nonuniformly loaded, or of complex design; they may be 
lower if the parts are accessible for replacement, fully sup- 
ported or rotating, and of simple design with little or no 
thermal gradient. 


Fabrication 


Dimensional tolerances for rough castings are influenced 
by the quality of pattern equipment provided. In general, 
over-all dimensions and locations of cored holes can be held 
to 1/16 in. per ft. 


Weldability 


These castings can be welded by metal-arc, inert-gas arc 
and oxyacetylene gas methods. It is generally considered 
that metal-arc welding is more satisfactory for high temper- 
ature applications of this alloy than oxyacetylene welding. 
Bare electrodes of similar composition should be used for 
gas welding, and lime-coated electrodes are recommended for 
arc welding. Neither preweld nor postweld heat treating is 
required. 


Machinability 


Most machining operations can be performed satisfactorily 
on these castings. It is important in all cases that the tool 
be kept continually entering into the metal to avoid work- 
hardening the surface from rubbing or scraping. Slow feeds, 
deep cuts and powerful, rigid machines and tool mountings 
are necessary for best results. 





Heat-Resistant Alloy Castings 


ACI Types HT. HU. HW and HX 


es — noted. 


Data applies to all ‘up 


Values are 


typical un 


ss noted 


Type Cc 
HT 0.35-0.75 
HU 0.35-0.75 
HW 
HX 


0.35-0.75 


analyses » 


0.35-0.75 


\Molybdenum not intentionally added. 


Physical Properties 


Modulus of Elasticity in 
Tension (psi) 27 x 10° 

25 x 108 
0.286 
0.290 
0.294 
100.0 
105.0 
112.0 
0.11 


Density (Ib per cu in.) 


Electrical Resistivity (microhm-cm) 


Specific Heat (Btu/lb/deg F) 

Thermal Conductivity 
(Btu/hr sq ft/ft 

At 212F 

Ac 1000F 


leg F) 


of Thermal 
deg F) 


Mean Cx efficient 


Expansion (per 


70-1000 F 


70-1500 F 


70-2000 F 


1200-1800 F 


Approximate Meltir 
(deg I } 2450 
2350 

1.10-2.00 

1.6 


»() 


Magnetic Pern 


eabdiiity 


(Mechanical Properties 


Tensile Strength (psi) 

70.000 
68,000 
65,000 


As Cast 


Aged 48 Hours at 1800 F 


Air cooled 75,000! 


73,000 
84.000" 


Mn, max 
2.00 
2.00 
2.00 
2.00 


(HT) (HU) 
(HW) (HX) 


(HT) 
(HU) 
(HW) (HX) 


(HT) 
(HU) 
(HW) 


(HT) (HW) 
(HT) 
(HU) 


(HT) 
(HU) 
(HW) (HX) 
(HT) 
(HU) 
(HW) 
(HX) 
(HT) 
(HU) 
(HW) 
(HX) 
(HT) 
(HU) 
(HW) 
(HX) 


(HT) (HU) 
(HW) (HX) 


(HT) (HU) 
(HW) 
(HX) 


(HT) (HU) 
(HW) 
(HX) 


(HT) 
(HU) (HX) 
(HW) 


Si, max 


2.0 





P, max S, max 
0.04 
0.04 
0.04 


0.04 


Yield Strength (psi) 
Offset = 0.2 per cent 


As Cast 


Aged 48 Hours at 1800 F 
Air cooled 


40,000 
36,000 


(HT) (HU) 
(HW) (HX) 
45,0001 (HT) 
43,000 
52,0002 
44,000 
Elongation in 2 Inches (per cent) 
As Cast ed 10 (HT) 
9 (HU)(HX) 
4 (HW) 


. (HT) (HU) 
4 (HW) 
9 (HX) 


Aged 48 Hours at 1800 F 


Air cooled 


Hardness Number 


As Cast Bhn 180 


Bhn 170 
Bhn 185 
Bhn 176 


(HT) 
(HU) 
(HW) 
(HX) 


(HT) 
(HU) 
(HW) 
(HX) 


Aged 48 Hours at 1800 F 
Air cooled Bhn 200! 
Bhn 190 
Bhn 205? 
Bhn 185 


Elevated Temperature Properties 


Tensile Strength (psi) 
1200 F 42,400 
45,000 
35,000 
40,000 
32,000 
18,800 
19,600 
19,000 
20,500 
11,000 
10,000 
10,700 


(HT) 
(HX) 
(HT) 
(HU) 
(HW) 
(HT) 
(HU) 
(HW) 
(HX) 
(HT) 
(HU) (HW) 
(HX) 


1400 F 


1600 F 


1800 F 


Yield Strength (psi) 
Offset = 0.2 per cent 
28,000 
20,000 
1400 F 26,000 
23,000 
1600) F : 15,000 
17,500 
8,000 
6,900 
6,200 


(HT) 

(HX) 

(HT) 
(HW) 
a 
eS 
(HX) 


1800 F 


‘Aged 24 hours at 1400 F, air cooled 


*Furnace cooled 
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Elongation in 2 Inches (per cent) 


SRBSBRSou 


Limiting Creep Stress (psi) 
Rate, 0.0001 per cent per hr 


BEeesses 


De She 
=3 


S255 


1400 F, 1000 hrs 
1600 F, 10 hrs 


1600 F, 100 hrs 


1800 F, 10 hrs .... 
1800 F, 100 hrs 


1800 F, 1000 hrs .. 


2000 F, 10 hrs ... 
2000 F, 100 hrs 


2000 F, 1000 hrs 


Heat Treatment 


These castings are normally used in the as-cast condition. 
The alloys cannot be hardened by heat treatment, but for 
applications involving thermal fatigue from repeated rapid 
heating and cooling, improved performance may be obtained 
by heating castings at 1900 F for 12 hours followed by fur- 
nace cooling prior to placing in service. 
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Characteristics 


Type HT is an iron-chromium-nickel alloy containing 
about equal amounts of iron and alloying elements. The 
high nickel content makes this grade useful in resisting the 
thermal shock of rapid heating and cooling. In addition, 
the alloy is resistant at high temperature to oxidation and 
carburization, and has good strength at heat-treating tem- 
peratures. Except in high-sulfur gases, it performs satis- 
factorily up to 2100F in oxidizing atmospheres and up to 
2000 F in reducing atmospheres, provided limiting creep 
stress values are not exceeded. This grade is widely used 
for general heat resistant applications in highly stressed 
parts. Increased carbon content does not significantly affect 
the high-temperature ductility of the alloy; this characteristic 
makes it especially useful for carburizing fixtures or con- 
tainers. Minor shifts in constituents after service at high tem- 
perature or exposure to carburizing atmospheres may change 
as-cast magnetic permeability values considerably. Castings 
of type HT alloy have good machining and welding prop- 
erties if proper techniques are employed. 


Type HU is an iron-chromium-nickel alloy, similar to type 
HT, but its higher chromium and nickel contents give this 
grade greater resistance to corrosion by either oxidizing or 
reducing hot gases, particularly those containing appreciable 
amounts of sulfur. High-temperature strength, resistance to 
thermal fatigue, and resistance to carburization of the alloy 
are essentially the same as shown by the HT type. Hence, 
its improved corrosion resistance makes the HU type especial- 
ly suited for severe service conditions involving high stress 
and rapid thermal cycling. 

The as-cast and aged microstructures of HU alloy, as well 
as its physical properties and fabricating characteristics, are 
about the same as those of the HT grade. 


Type HW is an iron-chromium-nickel alloy in which 
nickel is the predominant element. The high nickel con- 
tent contributes toward the excellent resistance of the alloy 
to carburization and also makes this grade especially useful 
in applications where wide and rapid temperature fluctua- 
tions are encountered. In addition, the alloy resists oxida- 
tion at high temperature and, although not as strong as 
the HT type, has good strength at heat-treating tempera- 
tures. It performs satisfactorily up to about 2050 F in strong- 
ly oxidizing atmospheres and up to 1900F in oxidizing or 
reducing products of combustion, provided that sulfur is 
not present in the gas. The generally adherent nature of 
its oxide scale makes the HW alloy suitable for enameling 
furnace service where even small flecks of dislodged scale 
could ruin the work in process. This grade is widely used 
for intricate heat-treating fixtures that are quenched with 
the load and for many other applications involving thermal 
shock and steep temperature gradients under highly stressed 
conditions. The alloy has good high-temperature ductility 
that is not appreciably affected by increased carbon content 
resulting from carburizing service. Electrical resistance is 
characterized by a very low temperature coefficient of re- 
sistivity. From room temperature to 1800F there is an in- 
crease of less than 10 per cent in resistance. Thus, the alloy 
is useful for cast electric heating elements. At room tem- 
perature, the HW alloy is magnetic both as-cast and after 
aging at elevated temperature. Castings of type HW alloy 
have good machining and welding properties if proper tech- 
niques are employed. 





DESIGN DATA 

Type HX is an iron-chromium-nickel alloy similar to type 
HW, but containing more nickel and chromium. The in- 
creased chromium content confers substantially improved re- 
sistance to hot gas corrosion, even in the presence of some 
sulfur, which permits this grade to be employed for severe 
service applications at temperatures up to 2100F. High-tem- 
perature strength, resistance to thermal fatigue, and resistance 
to carburization of the alloy are essentially the same as 
shown by the HW type. Hence, it is suitable for the same 
general applications in situations where corrosion must be 
minimized 

The as-cast and aged microstructures of HX alloy, as 
well as its physical properties and fabricating characteristics, 
are about the same as those of the HW grade. A minor 
difference is that the HX type is only slightly magnetic. 


Applications 


Type HT alloy has been successfully used in the following 
industries: Aluminum, cement, glass, industrial furnace, heat 
treating, magnesium, steel, vitreous enamel. This alloy offers 
good resistance to environments of air, carburizing gas, flue 
gases oxidizing and reducing, molten metals, and salts. Typi- 
cal castings include air ducts, brazing trays, carburizing con- 
tainers, chain, cyanide pots, dampers, dippers, door frames, 
enameling bars and supports, fan blades, feed screws, gear 
spacers, glass molds, glass rolls, hearth plates, heat-treating 
fixtures and trays, idler drums, kiln nose rings, lead pots, 
malleabilizing baskets, muffles, oil-burner nozzles, point bars, 
radiant tubes, resistor guides, retorts, roller rails, rolling 
mill guides, salt pots and tube supports. 


Type HU alloy has been successfully used in the follow- 
ing industries: Aluminum, heat treating, and steel. This 
alloy offers good resistance to environments of air, car- 
burizing gases, combustion gases, flue gases oxidizing and 
reducing, molten cyanide and molten lead. Typical cast- 
ings include articulated trays, burner tubes, carburizing re- 
torts, conveyer screws and chains, cyanide pots, dipping bas- 
kets, furnace rolls, lead pots, muffles, pouring spouts, radiant 
tubes and resistor guides. 


Type HW alloy has been successfully used in the follow- 
ing industries: Heat treating and vitreous enamel. This alloy 
offers good resistance to environments of air, carburizing 
gases, combustion gases, flue gases, molten cyanide and 
molten lead. Typical castings include cyanide pots, electric 
heating elements, enameling tools, gas retorts, hardening 
fixtures, hearth plates, lead pots, and muffles. 


Type HX alloy has been successfully used in the follow- 
ing industries: Heat treating, steel and vitreous enamel. This 
alloy offers good resistance to environments of air, carburiz- 
ing gases, combustion gases, flue gases, hydrogen, molten 
cyanide, molten lead, and molten neutral salts. Typical cast- 
ings include autoclaves, brazing furnace rails and doors, cal- 
ciner tubes, carburizing boxes, cyanide pots, enameling tools, 


heating elements, hearth plates, heat treating trays and fix- 
tures, lead pots, muffles, retorts, roller hearths, salt bath 
electrodes, salt pots, and shaker hearths. 


Design Considerations 


Section thicknesses from 3/16 in. up can be cast satis- 
factorily in these alloys. Somewhat lighter sections are also 
feasible, depending on casting design and pattern equipment. 
Good castability of this alloy permits designs involving intri- 
cate shapes. Drastic changes in section should be avoided, 
however, and uniform thickness should be maintained as far 
as possible. This applies to the casting as cast, including finish 
allowance of % in. or more on surfaces to be machined. 

The frequently used design stress of 50 per cent of the 
stress that will produce a creep rate of 0.0001 per cent per 
hour at the maximum operating temperature should be ap- 
plied only under conditions of direct axial static loading 
and essentially uniform temperature or slow temperature 
variation. Where impact loading or rapid temperature cycles 
such as in quenching are involved, a considerably lower 
percentage of the limiting creep stress should be used. 
In the selection of design stresses, safety factors should be 
higher if the parts are inaccessible, nonuniformly loaded, 
or of complex design. They may be lower if the parts 
are accessible for replacement, fully supported or rotating, 
and of simple design with little or no thermal gradient. 


Fabrication 


Dimensional tolerances for rough castings are influenced 
by the quality of pattern equipment provided. In general, 
over-all dimensions and locations of cored holes can be held 
to 1/16 in. per ft. 


Weldability 


These castings can be welded by metal-arc, inert-gas arc, 
and oxyacetylene gas methods. It is generally considered 
that oxyacetylene welding is more satisfactory for high- 
temperature applications than arc welding. Bare electrodes 
of similar material should be used for gas welding, and the 
flame should be adjusted to be very rich in acetylene. Lime- 
coated electrodes of similar composition (AISI Type 330 
special high-silicon, high-carbon) are recommended for arc 
welding. Neither preweld nor postweld heat treating is re- 
quired. 


Machinability 


Most machining operations can be performed satisfactorily 
on these castings. It is important in all cases that the 
tool be kept continually entering into the metal to avoid 
work-hardening the surface from rubbing or scraping. Slow 
feeds, deep cuts, and powerful, rigid machines and tool 
mountings are necessary for best results. 
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Stainless Steels 





AISI Types 201 and 202 


Data applies to all types unless noted. 
Values are typical unless noted. 


available in , (201)(202) — Blooms, billets, slabs, hot and cold rolled sheet, strip, hot and cold finished 


bars, shapes. 


Type Ni 


analyses > ™ 
202 


Physical Properties 


Modulus of Elasticity, annealed (psi).... 28.6x 10® 
Density (lb per cu in.) 0.28 
Electrical Resistivity, 68 F (microhm-cm) 69 
Specific Heat (Btu/lb/deg F) 
Thermal Conductivity 

(Btu/hr/sq ft/ft/deg F) 


Mean Coefficient of Thermal Expansion 


Mechanical Properties 


Tensile Strength (psi) 


Sheet and strip 
Annealed 


Yield Strength (psi) 
Offset = 0.2 per cent 


Sheet and strip 


Full Hard 
Elongation in 2 Inches (per cent) 


Sheet and strip 


Hardness Number 
Sheet and strip 


Full Hard 


*Minimum values. 
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Hardening Temperature (F) 


Tempering Temperature (F) 


Mn,max  Si,max P, max S, max 


5.5-7.5 l 0.06 0.03 
7.5-10 l 0.06 0.03 


Treatment Temperatures 


Initial Forging Temperature (F) 

Annealing Temperature (F) 

Hardenable by cold 
work only. 
Hardenable by cold 
work only. 


Characteristics 


Types 201 and 202 are counterparts to Types 301 and 302, 
having similar mechanical and physical properties. Aus- 
tenitic in structure, they have substantially more manganese 
and less nickel. They were developed mainly as low-nickel 


equivalents to Types 301 and 302. As a general rule, they 


should not be used where Types 301 and 302 are considered 
marginal. They are nonmagnetic when annealed, but slight- 
ly magnetic when cold worked. 


Applications 


Types 201 and 202 are used in most of the applications 


where Types 301 and 302 can be used. However, if corro- 


sion conditions are severe, tests should be performed to 


make sure that these materials will stand up under such 
conditions. 


Fabrication 


Types 201 and 202 are well suited for turning, milling, 
drilling, tapping, boring, reaming and broaching. 

The following machining speeds, sfpm, indicate relative 
machinability and are applicable to materials in this group 
when tungsten or molybdenum high-speed tooling is used: 


Automatic Screw Machining.... 70- 90 (201) (202) 
Milling (201) (202) 


(201) (202) 


Single-Point Turning 
Roughing : (201) (202) 


Finishing (201) (202) 
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Formability 


Type 201 is well suited for forging, bending and roll form- 
ing. It is suitable for only shallow draws in drawing, stamp- 
ing, hydroforming and spinning operations. 


Type 202 is well suited for all forming processes. It can 
be readily forged, hot headed, riveted and upset. Because 
of its high red-hardness, more power for a given reduction is 
required than with mild steel. Small forgings should be 
cooled rapidly from the hammer by water quenching. Larger 
pieces should be reheated to at least I900F and water 
quenched. Type 202 is readily formed by cold working. 
Being extremely tough and ductile, it responds to deep draw- 
ing, bending, forming and upsetting. 


Weldability 


Types 201 and 202 are suitable for welding. Type 201 
is usually only spot welded. 


Corrosion Resistance 


Type 201 has a good resistance to atmospheric corrosion, 
but has generally less resistance than Type 202. 

Type 202 will resist certain foodstuffs, sterilizing solu- 
tions, most organic chemicals and dyestuffs, and a wide 
variety of inorganic chemicals, in addition to resisting or- 
dinary rusting in its annealed form. It is subject to inter- 
granular corrosion and should be treated similarly to Types 
302 and 304. 
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AISI Types 301, 302, 302B, 303, 303Se, 304, 304L and 305 


Data applies to all types unless noted. 
Values are typical unless noted. 


Blooms, billets, slabs, hot and cold rolled sheet, strip, plate, hot and cold fin- 
ished bars, wire, shapes. 


(301) (305) 


Blooms, billets, slabs, hot and cold rolled sheet, strip, plate, hot and cold fin- 
ished bars, wire, shapes, tubing, pipe. 


(302) 


Blooms, billets, slabs, hot and cold rolled sheet, strip, plate, hot and cold fin- 
ished bars, shapes. 


Blooms, billets, slabs, plate, hot and cold finished bars, wire, shapes. 


available in » (302B) 


(303) (303Se) 


(304)(304L) Blooms, billets, slabs, hot and cold rolled sheet, strip, plate, hot and cold fin- 
ished bars, wire, tubing, pipe, shapes. 
Other, max 


S, max 


0.03 


P, max 


0.045 
0.045 
0.045 
0.2 

0.2 

0.045 
0.045 


Cr i C, max Si, max 
16-18 0.15 
17-19 
17-19 
17-19 
17-19 
18-20 
18-20 
17-19 


Mn, max 


~) 
w 


th 
eae. Se 

z 

ps 
LPP Seay 


uw 
3 
= 


analyses > 


NMNMNMMNMN dy t> 


Physical Properties 


Modulus of Elasticity, annealed (psi) 28 x 10° 
Torsional Modulus of Elasticity, 


(301) 
(302) (302B) 


12.5 x 10° 


annealed (psi) 
Specific Gravity 0.29 
Electrical Resistivity (microhm-cm) 72 
Specific Heat (Btu/lb/deg F) 0.12 
Thermal Conductivity 
(Btu/hr/sq ft/ft/deg F) 9.4 
Mean Coefficient of Thermal Expansion (per deg F) 
32-212 F 9.0 x 106 (302B) 
94x 10° (301) 
9.6 x 10°* (302) (303) 
(303Se) (304) 


Mechanical Properties 
Tensile Strength (psi) 


Sheet and strip 
Annealed 


Full Hard 


*Minimum values. 
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Bars 
Annealed 


Annealed and Cold Drawn, l-in. bars 100,000 


Cold Drawn—High Tensile, 
¥Y-in. bars 


Soft Temper, 


Hard Temper, 


Spring Temper, 


Tubing and Pi 
Annealed, welded 


Yield Strength (psi) 
Offset =0.2 per cent 


Sheet and strip 
Annealed 


(304) (305) 
(304L) 


(302) (304) 
(302B) (303) 
303Se) 


(302) (303) 
(303Se) (304) 


(302) (303) 
(303Se) (304) 
(302) (303) 
(303Se) (304) 
(305) 

(302) (303) 


(302) (304) 


(302) (304) 
(304L) 


(301 ) (302) 
(302B) 
(304) 
(304L) 
(305) 
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"ull Hard 


Plate 
Annealed 


Bars 
Annealed 


Annealed and Cold Drawn, 
l-in. bars 


Cold Drawn—High Tensile, 
Y-in. bars ........ 


1¥4-in. bars 
Wire 
Annealed Temper, 
0.062 in. and 0.5 in. . 
Soft Temper, 0.062 


0.5 


Hard Temper, 0.062 


panes and Pi 


Annealed, welded 


Elongation in 2 Inches (per cent) 


Sheet and strip 
Annealed 


', Hard 
VY Hard 


¥, Hard 
Full Hard 


Plate 
Annealed 


Bars 
Annealed 


Annealed and Cold Drawn, 
l-in. bars 


Cold Drawn—High Tensile, 


¥%-in. bars 


1'4-in. bars 


Wire 


Annealed Temper, 0.062 


0.5 


Soft Temper 0.062 


0.5 


75,000*  (301)(302) 
110,000* (301) 
135,000° (301) 
140,000* (301) 


40,000 (301)(302B) 
35,000 (302) (305) 
30,000 (304) 
28,000 (304L) 


(302) (303) 
(303Se) (304) 
(302B) 


(302) (303) 
(303Se) (304) 


35,000 
40,000 


60,000 


95,000 (302) (303) 
(303Se) (304) 

(302) (303) 
(303Se) (304) 


75,000 


35,000 (302) (303) 

(303Se) (304) 
47,000 305) 
90,000 (302) (303) 
(303Se) (304) 

(302) (303) 
- (303Se) (304) 
54,000 (305) 
125,000 (302) (303) 
(303Se) (304) 

(302) (303) 
(303Se) (304) 


(302) (304) 
(304L) 


60,000 


105.000 


35.000 
30,000 


(301) 

(302) (304) 
(304L) (305) 
(302B) 
(301) 

(302) 

(301) 

(301) 

(301) 


(301) (305) 
(302) (304) 
(302B) (304L) 


(302) 

(304) 
(302B) (303) 
(303Se) 


(302) (304) 
(303) (303Se) 


(302) (304) 
(303) (303Se) 


(302) 
(303) (303Se) 
(304) 


39 (302) (304) 
50 (303) (303Se) 
60 = (302) (304) 

305 


(305) 
50 (303) (303Se) 
40 (302) (304) 
30 (303) (303Se) 
25 (302) (304) 
20 (303) (303Se) 


Hard Temper, 


Tubing and Pi 
Annealed, welded 


Reduction of Area (per cent) 


~] 
o 


Annealed and Cold Drawn, 


BR ARS F 


Cold Drawn—High Tensile, 


SSSu 


Annealed Temper, 
0.062 in. and 0.5 in. . 


Soft Temper, 0.062 in. and 0.5 in. . 


Hard Temper, 0.062 in. ............ 


SRRARRRAST 


Notched-Bar Impact Test (ft-lb) 


Plate 
Annealed 


Bars 
Annealed 


Cold Drawn—High Tensile, 
7 


14 in. bars 


Hardness Number 


Sheet and strip 
Annealed R,85 


R,80 
R,70 
R,70 
4, Hard R,25 
\, Hard ... R,32 
3, Hard R,37 
Full Hard R,4l 


Plate 
Annealed ... R,80 
R,85 
Bhn150 
Bhn140 


Bhn150 
Bhn160 


Ra&5 
Annealed and Cold Drawn, | in. bars Bhn212 
Bhn228 


(302) (304) 
(305) 
(302) (304) 
(304L) 


(301) (302) 
(304) 
(3028) 

(302) (304) 
(302B) 

(303) (303Se) 


(302) 
(303) (303Se) 


(302) 
(303) (303Se) 
(302) 
(303) (303Se) 


(302) (304) 
(303) (303Se) 
(305) 

(302) 

(303) (303Se) 
(305) 

(302) 

(303) (303Se) 
(302) 

(303) (303Se) 


(301) (302) 
(304) 

(302B) 

(302) (304) 
(302B) 

(303) (303Se) 


(302) 
(303) (303Se) 
(304) 


(301) (302) 
(302B) 
(304) (305) 
(304L) 
(304L) 
(301) (302) 
(301) 


(301) 
(301) 


(302) (304) 
(302B) (303) 
303Se) 
(302B) 
(302) te 
(303) (303Se 
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Cold Drawn—High Tensile, ¥% in. bars Bhn277 


14 in. bars Bhn240 (3003 (3033 
(303Se) (304) 
Wire 
Annealed Temper, 0.5 in. ........... (302) (304) 
Soft Temper, 0.5 in. ........ hoewaNas 
Hard Temper, 0.5 in. ......... Sakon 


Tubing and Pi 
Annealed, welded 


Fatigue Endurance Limit (psi) 


Sheet and Strip 
Annealed (301) (304) 
Full Hard , (301) 
Plate 
(301) 
(304) 


Bars 

Annealed : (302) (304) 
35, (303) (303Se) 

Annealed and Cold Drawn, 1 in. bars 48, (303) (303Se) 


Elevated Temperature Properties 


Creep Strength (psi) 
Load for | per cent elongation in 10,000 hr 
16,500 (303)(303Se) 
000 (302) (304) 
304L 


(308) (3038e) 


Scaling Temperature (F) 
Max in air 


Continuous 


Intermittent _— 1,400 
1,600 


Low-Temperature Properties 


Nominal Yield Strength (psi) 
32 F —40 
43,000 48, 
40,000 48, 


34,000 


BR 
sese 


: 


32 F 
122,000 
130,000 
Nominal Elongation in 2 Inches (per cent) 
—40 F —80F 
42 40 
60 57 
47 39 


SRY 


388 


be > | 


| 
J 


sass 
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Nominal Reduction in Area (per cent 
—-40F -—80F 320 F 
63 62 57 
73 70 59 
64 63 55 
Nominal Impact Strength—izod (ft-lb) 
32F —-40F -80F --320F 
(301) (302) 110 110 110 
(304) (304L) 


Treatment Temperatures 


Initial Forging Temperatures (deg F) 2100-2300 


20 
Annealing Temperature (deg F) ... 1850-2050 
Hardening Temperature (deg F) Hardenable by cold work only 
Tempering Temperature (deg F) Hardenable by cold work only 


Stress Relief Temperature (deg F) 400-750 (301 ) (302) 
(303) (303Se) 


Melting Range (deg F) 2500-25: 302B) 
(30! ) (302) 
303) (303Se 


Characteristics 


Type 301 takes full advantage of the work-hardening prop- 
erties that are characteristic of the austenitic stainless steels. 
This grade contains less chromium and nickel than any of the 
other 18-8 group of stainless steels and is used under com- 
paratively mild corrosive conditions. Type 301 is usually 
supplied in five different tempers: annealed '/, hard, 1 hard, 
3/4, hard, and full hard. 


By cold working, tensile strengths in excess of 185,900 psi 
can be obtained with good yield strength and ductility. 

Cold working and heat-treating operations may increase or 
decrease mechanical properties depending upon the tempera- 
ture range of reheating. Also, service temperature and length 
of exposure affect the mechanical properties. Reduction of me- 
chanical properties will probably occur if the service tem- 
perature is 1200 F or higher. 


Type 302 is the general-purpose austenitic stainless steel 
and is the most commonly used type. In the annealed con- 
dition, it is austenitic, nonmagnetic, extremely tough and 
ductile, possesses excellent corrosion resistance, and has good 
mechanical properties. Type 302 has a high coefficient of 
thermal expansion and is well adapted to deep drawing and 
forming. This material is easily hot forged and cold upset. 


Type 302B is forrned by an addition of silicon to chromi- 
um-nickel alloys of the 18-8 type. This addition materially 
increases the resistance to scaling and oxidation at high tem- 
peratures. The silicon develops a thin, tight scale on the 
steel during heating which does not flake off as it cools. 
Hence, no new surfaces are exposed. A variant of 302B 
contains a columbium additive to stabilize carbides and 
increase strength at high operating temperatures. 


Types 303 and 303Se are free-machining 18-8 type chromi- 
um-nickel stainless steels in which sulphur or selenium are 
added. These additions make 18-8 steels so machinable that 
they can be readily handled on automatic screw machines 
at about 70 per cent the speed of SAE 1120. These steels 
also have desirable nongalling properties which facilitate 
disassembly of parts and help to avoid scratching or galling 
in moving parts. 
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Physical properties of Type 303 and 303Se are similar 
to Type 302. Type 303Se has somewhat better formability 
than Type 303, and is recommended for applications which 
involve cold-forming operations. Type 303 is used where 
heavy cuts during machining are desired, while Type 303Se is 
used for lighter cuts and where hot working or cold head- 
ing may be involved. The annealing and pickling procedures 
are like those for Type 302. 


Type 304 is a low-carbon modification of Type 302. Low 
carbon content helps to reduce carbide precipitation during 
welding. This material was developed to meet the require- 
ments of welded construction where corrosion resistance is 
a factor and where proper heat treatment with a rapid cool- 
ing rate is not feasible. Along with excellent welding and 
deep-drawing characteristics, this material has a corrosion 
resistance somewhat superior to the higher carbon stainless 
alloys. It is nonmagnetic in the annealed condition and 
becomes slightly magnetic when cold worked. In light sec- 
tions, 304 can be resistance welded without trouble from 


intergranular corrosion. 


Type 304L is a lower carbon modification of Type 304 
for further restriction of carbide precipitation during weld- 
ing. This permits its use in corrosive service in the as-welded 
condition. This steel is not recommended for service tem- 
peratures above approximately 800 F. 


Type 305 possesses excellent corrosion resistance, combined 
with an unusually low rate of work hardening. This latter 
property makes 305 superior for severe deep drawing and 
spinning operations. Fabrication by cold drawing is used 
particularly if two drawing stages are required. The use 
of Type 305 may eliminate the need for an intermediate 
anneal between the two drawing operations. This material 
remains nonmagnetic after severe cold working which is an 
extremely useful property in electrical instruments. 


Applications 


Type 301 stainless steels are used for lightweight, high- 
strength applications in aircraft, ships, trains, and trucks. 


Type 302 is used where high corrosion can be expected 
in such items as hospital and institutional equipment, house- 
hold appliances, laundry and dry-cleaning equipment, pack- 
aging machinery, plumbing fixtures and fittings, refrigera- 
tion equipment, business machines, automotive trim, cos- 
metic equipment, electrical equipment, food-processing und 
packaging equipment, lighting equipment, marine applica- 
tions, pharmaceutical equipment, radio and electronic equip- 
ment, surgical and dental equipment, and textile equipment. 
It is also used in electrical equipment, jewelry, photographic 
equipment, and sheet-metal products. 


Type 303 is used for screw-machine products, valves, 
valve trim, shafting, and machinery parts of all types. It 
is used for bolts, bushings, fastenings, nuts, and shafts. It 
is also used for dairy equipment and marine applications. 


Type 304 is used primarily in the chemical and food- 
processing industries. It is used for aircraft and aviation 
equipment, beverage equipment, building materials, chemi- 
cal processing applications, cosmetic equipment, food-proc- 
essing and packaging equipment, hospital and institutional 
equipment, household equipment, mining and smelting ma- 
chinery, petroleum equipment, paint and varnish-manufac- 
turing equipment, paper and pulp-manufacturing machin- 
ery, pharmaceutical applications, photographic equipment, 
refrigeration equipment, surgical and dental equipment and 
textile-manufacturing equipment. 


Type 305 is used because of its nonmagnetic properties 
in electrical instruments and because of its corrosion re- 
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sistance in textile and chemical-processing equipment. Other 
applications include coffee urns, reflectors, tank bottoms, 
tank heads, utensils and fasteners. 


Fabrication 


Machinability 

All types are suitable for turning, milling, drilling, tapping, 
boring, reaming and broaching. 

Types 302, 304 and 304L produce a very gummy chip. 
They work harden very rapidly, and tend to glaze, although 
glazing can be pevented by proper machining practice. In 
turning operations, speeds of 40 to 85 sfpm are recommended. 
These types machine similarly to copper-nickel alloys, ex- 
cept that they work harden. The machinability can be 
somewhat improved by using moderately cold-drawn bars. 


Types 303 and 303Se machine easily, with a brittle chip. 
In turning operations, speeds of 85 to 120 sfpm can be used. 
Moderate cold working increases the machinability slightly. 
Grinding and polishing operations can be very satisfactorily 
performed. 

Type 305 machines with a tough and stringy chip; glazing 
occurs, but can be prevented. Machinability can be some- 
what improved by moderate cold working. 

The following machining speeds, sfpm, indicate relative 
machinability and are applicable to materials in this group 
when tungsten or molybdenum high-speed tooling is used: 


Automatic Screw Machining.... 70- 90 (301) (302) 
(304) (304L) 
(303) 


Milling (301) (302) 
(304) (304L) 
(303) 


Drilling (301) (302) 
(304) (304L) 
(303) 


Single-Point Turning 


Roughing (301) (302) 


(304) (304L) 
(303) 


(301) (302) 
(304) (304L) 
(303) 


Finishing 


Formability 

Type 301 is well suited for forging, bending, and roll form- 
ing. It is suitable for only shallow draws in drawing, stamp- 
ing, hydroforming and spinning operations. 

Types 302, 304 and 304L can be readily forged, hot headed, 
riveted and upset. Because of its high red-hardness, more 
power for a given amount of hot-forming is required than 
for mild steel. Small forgings should be cooled rapidly from 
the hammer by water quenching. Larger pieces should be 
reheated after forging to at least 1900 F and water quenched. 
If pieces are allowed to cool slowly, there is likely to be some 
carbide precipitation, which will result in intergranular cor- 
rosion. Forgings can be air-cooled without danger of crack- 
ing. For full corrosion resistance, forgings must be annealed 
by heating to at least 1900F and water quenching. These 
types are readily fabricated by cold working. Being extremely 
tough and ductile, they respond to deep drawing, bending, 
forming and upsetting. Their tensile strength and hardness 
can be materially increased by cold working. 

Types 303 and 303Se can be forged, hot headed and upset 
successfully. After hot working, they should be reheated to at 
least 1900F and water quenched to prevent intergranular 
corrosion. Forgings can be air-cooled, but better corrosion 
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resistance can be obtained by quenching small forgings in 
water from the hammer. Large pieces should be reheated 
to 1900F and water quenched. Type 303 will withstand 
only a moderate amount of cold working. Where free-ma- 
chining grades are required for parts which involve cold 
forming operations, Type 303Se is preferred. 

Type 305 can be readily forged, hot headed, upset and rivet- 
ed. After hot-working operations, it should be reheated to at 
least 1900F and water quenched to prevent intergranular 
corrosion. Forgings can be air-cooled, but better corrosion 
resistance can be obtained if small forgings are water 
quenched from the hammer. Large pieces should be re- 
heated to at least 1900F and water quenched. Because of 
its slow rate of work-hardening, Type 305 lends itself very 
well to cold-working operations, such as blanking, forming, 
deep drawing, heading and spinning. 


Weldability 


Type 301 is subject to reduction in strength in the area 
parallel and immediately adjacent to the weld if the welding 
time is long. Generally speaking, spot welding or similar 
methods have practically no effect on mechanical properties. 
Arc or gas welding reduces the strength materially. 

Type 302 is readily welded by any commercial process ex- 
cept forge or fire welding, producing tough ductile welds 
without annealing or stress relieving. When weld rods are 
used, they should be Types 308 or 347. The weld does not 
air harden and is very tough. However, welding causes inter- 
granular corrosion. Where corrosive conditions are severe, 
the welded parts should be water quenched from at least 
1900 F after welding. 

Types 303 and 303Se are not recommended for welding. 

Type 304 can be satisfactorily brazed and welded by all 
methods. In light sections, it can be resistance welded with 
little trouble from intergranular corrosion. 

Type 304L can be satisfactorily brazed and welded by all 
methods. It can be welded without loss of corrosion re- 
sistance due to integranular carbide precipitation. 

Type 305 can be welded, brazed and soldered satisfactorily. 
The weld does not harden and is very tough. In welding, 
the problem of intergranular corrosion can be solved by re- 
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heating the welded structure to at least 1900F and water 
quenching. 


Corrosion Resistance 


Type 301 has a good resistance to atmospheric corrosion, 
but has generally less resistance than Type 302. 

Type 302 not only will resist ordinary rusting in its an- 
nealed form, but is immune to all foodstuffs, sterilizing so- 
lutions, most organic chemicals and dyestuffs, and a wide 
variety of inorganic chemicals. It resists nitric acid well, 
halogen acids poorly, and sulphuric acids moderately. In 
other than fully annealed condition, this type is subject to 
intergranular corrosion. When it is heated within or slowly 
cooled through the 800-1500 F range, it should be cor- 
rectly annealed afterward. For best results, surfaces should 
be entirely free from scale and foreign properties. This 
can be accomplished by passivating. 

Type 302B has slightly less corrosion resistance than Type 
302. It is seldom, if ever, used for resistance to wet cor- 
rosion. 

Types 303 and 303Se are not as resistant to general cor- 
rosion as Type 302. They tend to form a rust film more 
readily in moist atmospheres and are very susceptible to 
pitting or localized corrosion in solutions of chlorides, io- 
dides, or bromides. Under relatively dry conditions, or in 
mildly corrosive environments, these alloys are resistant to 
rusting. They have poor resistance to intergranular cor- 
rosion, and in most cases, annealing after welding is 
necessary. 

Types 304 and 304L are quite similar to Type 302 in 
corrosion resistance, and are not. subject to intergranular 
corrosion. 

Type 305 resists nitric acid well and sulfuric acid solu- 
tions moderately. It will not resist the halogen acids, It is 
satisfactory for use in a wide variety of organic or inor- 
ganic chemicals, foodstuffs and sterilizing solutions. It is 
subject to intergranular corrosion unless fully annealed. If 
it has to be heated or cooled in the range of 800-1650, 
it should be heated to at least 1900 F and water quenched. 
Passivating should be used to make surfaces free from 
scale and foreign particles. 
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AISI Types 316, 316L and 317 


Data applies to all types unless noted. 
Values are typical unless noted. 


° ° (316) (316L) Blooms, billets, slabs, hot and cold rolled sheet, strip, plate, hot and cold fin- 
available in > (317) ished bars, wire tubing, pipe, shapes. 


Type > Ni C, max Mn, max Si, max 


analvses > 316 0.08 
Y 316L 0.03 


317 0.08 


B 
Physical Properties Annealed . 30,000 (316) GIGL) 
G17) 


Modulus of Elasticity (psi) ....... 28x 10® zy : 40,000 
Density (ib per cu in) .... 0.29 Annealed and Cold Drawn, |-in. bars 60,000 (316) 
Electrical Resistivity (microhm-cm) 74 Wire : : 
Specific Heat (Btu/lb/deg F) 0.12 Annealed Temper," — in. and onan aw 
. ry 5 . : 
Thermal Conductivity Soft Temper, 062 in. 75,000 (316) 
(Btu/hr/sq ft/ft/deg F) 9.4 : 60.000 (316) 
Mean Coefficient of Thermal Tubing and pipe j ; : 
Expansion (per deg F) Annealed, welded . 35,000 (316) (317) 
39.919 F 8.9 x 10°° 30,000 GI6L) 
19600 F 90x 10% F 
32 | 100 RY x + e Elongation in 2 Inches (per cent) 
19.1900 0.3x 10°° 
39.1500 F 11.1 x 10-6 Sheet and strip 
Annealed ' 


8 


(316) (316L) 
(317) 


(316) 
(316L) (317) 


(316) 
(317) 


(316) 


a 
ou 


. ° Plate 
Mechanical Properties Delia 


Tensile Strength (psi) Bar 


Sheet and Strip Annealed 


Annealed 90,000 (316) (317) ' , 
75,000 (316L) Annealed and Cold Worked, 


l-in. bars 


S8 Sh 


r 
vl 


Plate 
Annealed 85,000 316) G17 Wire 
name 75,000 ¢ PsieL} Annealed Temper, 0.062 in. .... 


Bar 1 0.5 Lan 
Annealed 80,000 (316)(316L) Soft Temper, 0.062 in. ... 
85,000 (317) 0.5 


Annealed and Cold Drawn, |-in. bars 90,000 (316) a 


S83a 


w 


(316) (316L) 
Wire (317) 
Annealed Temper,’ 0.062 in. ...... 90,000 316 i 

— _* & ; — _. oe... $0,000 e316) Reduction of Area (per cent) 
Soft Temper, 0.062 in. . . 100,000 (316) Bar 

' | p, im - 90,000 (316) Annealed .... (316) 

Spring Temper,’ : ~y in reyes e316 Annealed and Cold Drawn, 1-in. bars : (316) 

S07 ix 150,000 (316) Wire 

Tubing and pipe Annealed Temper, 0.062 in. ...... : (316) 

Annealed, welded 85,000 (316) G17) 0.5 in. (316) 
80,000 (GI6L) Soft Temper, 0.062 in. and 

| a See (316) 


Notched-Bor Impact Test (ft-lb) 


Plate 
Annealed , (317) 


Yield Strength (psi) 


Offset 2 per cent 


Sheet and strip 


Annealed 40,000 (316) G17) Bars 
| 32 000 (316L) Annealed (316) G17) 
Plate 


Annealed 35,000 (316) GI7) Hardness Number 


7 
320 (I6L) Sheet and strip 


Annealed ... Rs85 (316) (17) 
Rs75 (316L) 
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Plate 

Annealed ..... or Bhn150 
Bhn145 
Bhn160 


Bar 

Annealed Bhn150 
Bhn160 

Annealed and Cold Drawn, 1-in. bars Bhn190 

Wire 

Annealed Temper, 0.5 in. 

Soft Temper, 8 ae ae 


Tubing and pi 
Annealed, wel 


Fatigue Endurance Limit (psi) 


Sheet and strip 
Annealed 


Plate 
Annealed 


Bars 
Annealed .... ee inte 
Annealed and Cold Worked, 

l-in. bars . 


(316) 
(316L) 
(317) 

(316) (316L) 
(317) 


(316) 


(316) 
(316) 


(316) (317) 
(316L) 


Elevated Temperature Properties 


Creep Strength (psi) 
load for 1 per cent elongation in 10,000 hrs 


25,000 
22,500 
18,200 


Scaling Temperature (deg F) 


Max in air 


Continuous 
Intermittent 


(316) (316L) 
(317 
(316) 3I6L) 
317) 
(316) 16L) 
31 


(317) 
(316) I6L) 
317 
(316) (316L) 


(316) GI6L) 
(316) GI6L) 


Low-Temperature Properties 


Nominal Yield Strength (psi) 


75,000 
75,000 
73,000 


110,000 
110,000 
110,000 


(316) (316L) 
(316) (316L) 
(316) (316L) 
(316) (316L) 


(316) 3I6L) 
(316) (316L) 
(316) GI6L) 
(316) (316L) 


(316) 3I6L) 
(316) GI6L) 
(316) GI6L) 
(316) (316L) 


(316) (316L) 
(316) 3I6L) 
(316) (316L) 
(316) (316L) 


Treatment Temperatures 


Initial Forging Temperature (deg F) 2100-2300 
Annealing Temperature (deg F) ... 1850-2050 


Hardening Temperature (deg F) 
Hardenable by cold work only 


Tempering Temperature (deg F) 
- Hardenable by cold work only 
Stress Relief Temperature (degF) 400-700 (316)(3I6L) 


Melting Range (deg F) 2500-2550 


Characteristics 


Type 316 is basically an 18-8 stainless steel with molyb- 
denum added to increase resistance to chemical attack. It 
is a heat-resisting steel with exceptional resistance to marine 
corrodents. Type 316 has higher tensile and creep strength 
at elevated temperature than conventional 18-8 types. It 
is also nonmagnetic when annealed and slightly magnetic 
in the cold-worked condition. 

Type 316L is a very low-carbon, austenitic, chromium- 
nickel stainless steel with general corrosion resistance simi- 
lar to Type 316. However, it has superior resistance to 
intergranular corrosion following welding or stress reliev- 
ing. Hence, this steel can be used in the as-welded con- 
dition for a variety of corrosive applications. Parts made 
of this material are generally limited to service at tem- 
peratures up to 800 F. This steel has high tensile and creep 
strength at elevated temperatures. Type 316L is nonmag- 
netic when annealed, but slightly magnetic when cold 
worked. 

Type 317 is an austenitic chromium-nickel stainless steel 
which exhibits superior corrosion resistance in special ap- 
plications. It is recommended in applications where con- 
tamination must be reduced to a minimum. This steel has 
higher tensile and creep strength than the conventional 
18-8 alloys. 


Applications 


Type 316 is used in chemical, pharmaceutical, photo- 
graphic, pulp and paper-processing, and _textile-finishing 
equipment. It is also used in architectural and structural 
applications, and in aircraft and aviation, beverage, corn- 
products refining, dairy, and food-processing and packag- 
ing equipment. Also, marine applications, and equipment 
used for mining and smelting, petroleum, paint and var- 
nish, paper and pulp, refrigeration. Other applications are 
surgical and dental equipment, turbines, and aircraft engines. 

Type 317 is used in special applications where resistance 
of Type 316 is found inadequate. These applications include 
paper and pulp handling machinery, process equipment for 
producing photographical chemicals, inks, rayon, rubber, tex- 
tile bleaches, and dyestuffs. It is also used in high-tem- 
perature equipment. 


Fabrication 


Machinability 

Types 316, 316L and 317 are suitable for most machin- 
ing operations although, like all the austenitic steels, they 
machine with a tough and stringy chip, and a tendency 
toward glazing. Moderate cold working improves machin- 
ability. 

The following machining speeds, sfpm, indicate relative 
machinability and are applicable to materials in this 
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group when tungsten or molybdenum high-speed tooling is 


used 

(316) (3I6L) 
(316) (3I6L) 
(316) (316L) 


Automatic Screw Machining 60- 80 
Milling 30- 50 
Drilling . 30-5 
Single-Point Turning 


(316) (316L) 
(316) (316L) 


60- 90 


Roughing Ae 
00-120 


Finishing 


80-100 (431) 
(440A) (440B) 
(440C) 


Automatic Screw Machining 
60- 80 


Formability 


Ali types can be readily forged, upset and hot headed. 
After hot-working operations they should be reheated to 
at least 1900 F and water quenched to prevent intergranu- 
lar corrosion. Forgings can be air-cooled, but the best cor- 
rosion resistance is obtained if the forgings are given a 
final anneal. These types can be deep drawn, stamped, 
headed and upset without difficulty. Since they work harden, 
severe cold-forming operations should be followed by an- 


nealing. 


Weldability 


Type 316 can be welded. A rod of similar composition 
should be used. The weld does not harden on air-cooling, 
but the possibility of intergranular corrosion should be 
eliminated by water quenching after reheat. 

Type 316L can be satisfactorily brazed and welded by 
all methods. It can be welded without loss of corrosion 
resistance due to intergranuiar carbide precipitation. 

Type 317 can be welded. A rod of similar composition 
should be used. The weld does not harden on air-cooling 
but the possibility of intergranular corrosion should be 


eliminated by reheating the welded structure to at least 
1900 F and water quenching. 


Corrosion Resistance 


Types 316, 316L and 317 are more resistant to atmospheric 
and similar mild types of corrosion than the regular un- 
modified chromium-nickel stainless steels. In some oxidizing 
acids, like nitric acid, these stainless steels are less resistant 
than Type 302. 

At temperatures as high as 120 F, these steels are resistant 
to solutions of sulfuric acid in concentrations up to 5 per 
cent. At temperatures under 100 F, these types have excel- 
lent resistance to solutions of higher concentration. Service 
tests are usually desirable, as operating conditions may af- 
fect their behavior. Where condensation of sulfur-bearing 
gases occurs, these steels are much more resistant than 
any of the other types to attack at the point of conden- 
sation. However, acid concentration has a marked influ- 
ence on the rate of attack and should be carefully determined. 

These steels are less susceptible to pitting or pinhole 
corrosion in applications where acetic acid vapors or so- 
lutions of chlorides, bromides, or iodides are encountered. 
They have excellent resistance to fatty acids at high tem- 
peratures. In the manufacture of certain pharmaceuticals, 
these alloys are usually required to avoid excessive metallic 
contamination. These steels are susceptible to carbide pre- 
cipitation when exposed to temperatures of 800-1500 F. 
Where short periods of exposure are encountered, however, 
such as in welding, Types 316L and 317 are more re- 
sistant to intergranular attack than Type 316 and are to 
be preferred where light-gage material is to be welded. 
For heavy cross sections, over 7/16 in., annealing is usu- 
ally required even when Types 316L and 317 are used. 
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AISI Types 321, 347 and 348 


Data applies to all types unless noted. 
Values are typical unless noted. 


° . (321) (347) Blooms, billets, slabs, hot and cold rolled sheet, strip, plate, hot and cold fin- 
available in (348) ished bars, wire, tubing, pipe, shapes. 


Type Cr 
321 17-19 
analyses « 347 17-19 
348 17-19 


Physical Properties 


Modulus of Elasticity, annealed (psi) 28 x 10® 
Density (lb per cu in.) 0.29 
Electrical Resistivity (microhm-cm) 72 
Specific Heat (Btu/lb/deg F) 
Thermal Conductivity 

Btu/hr/sq ft/ft/deg F) 
Mean Coefficient of Thermal 


10.7 x 10°* 


Mechanical Properties 


Tensile Strength (psi) 


Sheet and strip 

Annealed 90,000 
95,000 

Plate 

Annealed 85,000 
90,000 

Bars 

pS SY a a 
90,000 

Annealed and Cold Drawn, 1-in. bars 95,000 
100,000 

Wire 

Soft Temper, 0.062 in. ............ 115,000 
120,000 

0.5 in. 95,000 

100,000 

Tubing and pipe 

Annealed, welded 85,000 


Yield Strength (psi) 
Offset 0.2 per cent 


Sheet and strip 
35,000 
40,000 

Plaiec 

Annealed . . 30,000 
35,000 

Bars 

Annealed . ‘ . 35,000 

Annealed and Cold Drawn, l-in. bars 60,000 
65,000 

Wire 

Soft Temper, 0.062 in. 85,000 
90,000 

0.5 in. 65,000 

70,000 

Tubing and pipe 

Annealed, welded 35,000 


1961 Edition 


Ni 

9-12 
9-13 
9-13 


(321) 
(347) (348) 


(321) 
(347) (348) 


(321) 
(347) (348) 
(321) 
(347) 


(321) 
(347) (348) 
321 


(321) 
(347) (348) 


(321) 
(347) (348) 


(321) 
(347) (348) 
(321) 
(347) (348) 


(321) 
(347) (348) 
321 


(321) 
(347) (348) 


C, max 
0.08 
0.08 
0.08 


Mn,max Si,max P, max S, max Other, max 
2 l 0.045 0.03 Ti5 X Cmin 
2 l 0.045 0.03 Cb-Ta 10 X Cmin 


2 I 0.045 0.03 Cb-Ta 10 X 
C min, Ta 0.10 max 


Elongation in 2 Inches (per cent) 


Sheet and strip 
Annealed 


Plate 
Annealed 


Bars 
Annealed 


Annealed and Cold Drawn, |-in. bars 


Wire 
Soft Temper, 0.062 in. ............. 
0.5 


Tubing and pi 
Annealed, welded 


Reduction of Area (per cent) 


Bars 
Annealed 
Annealed and Cold Drawn, 1-in. bars 


Wire 
Soft Temper, 0.062 in. and 0.5 in. .. 


Notched-Bar Impact Test (ft-lb) 


Bars 
Annealed 


Hardness Number 
Sheet and strip 
Anneal (321) 
(347) (348) 
Plate 

Annealed 


Bars 
Annealed 5 (321) 


(347) (348) 
Annealed and Cold Worked, l-in. bars Bhn185 (321) 
Bhn212 (347) /348) 
Wire 

Sott. Tempe, GS Oe... ccicccciscces R89 (321) 
R95 (347) (348) 

Tubing and pi 
Annealed, welded Rs80 (321) 
Rs85 (347) (348) 


Fatigue Endurance Limit (psi) 


Bars 
Annealed 





DESIGN DATA 
Elevated Temperature Properties 


Creep Strength (psi) 
Load for | per cent elongation in 10,000 hr 


1000 F .. 18,000 321 


) 

17,000 (347) ae 

1100 F 13,000 (321) 

1200 F 8,000 (321) 

7,000 (347) (348) 

1300 F . 4,500 321) 
1500 F 850 


Scaling Temperature (deg F) 

Max in air 

Continuous 1,700 (321) 
1,600 (347) (348) 

Intermittent nee 1,600 (321) 


Treatment Temperatures 


Initial Forging Temperature (deg F) 2100-2300 
Annealing Temperature (deg F) ... 1750-1950 (321) 
Stabifizing Punches .... 1850-2050 (347) (348) 
1550-1650 
Hardening Temperature (deg F) 
Hardenable by cold work only 
Tempering Temperature (deg F) 
Hardenable by cold work only 
Stress Relief Temperature (deg F) .. 400-750 
Melting Range (deg F) 2550-2600 


Characteristics 


Type 32! is an austenitic chromium-nickel steel used for 
applications which ere intermittently heated and cooled at 
temperatures betweer. 800 and 1650 F. This grade, stabilized 
by the addition of titanium, was developed to eliminate 
carbide precipitation, and hence, intergranular corrosion. 
The addition of titanium tends to reduce the over-all cor- 
rosion resistance of the steel. Type 321 is nonmagnetic when 
annealed, but slight!y magnetic when cold worked. 

Types 347 and 348 are chromium-nickel stainless steels 
which are stabilized by the addition of columbium and 
tantalum. Corrosion resistance of these materials is about 
the same as 18-8 types. Types 347 and 348 are resistant to 
intergranular attack within the carbide precipitation range 
of 800 to 1500 F, but long-term exposure in this range 
may cause a slight lowering of its general corrosion resist- 
ance in the more severe corrosive environments. Types 347 
and 348 have gooc mechanical characteristics at elevated 
temperatures. Type 348 is used in certain radioactive appli- 
cations which require restricted tantalum content. Both types 
are nonmagnetic when annealed but are slightly magnetic 


when cold worked. 


Applications 


Type 321 is used for welded equipment in the unannealed 
condition where it is exposed to corrosive environments. 
It is used extensively for airplane exhaust stacks, collector 
rings and where operating temperatures are more than 
1000 F but where corrosion conditions are not too severe. 

Type 347 has, as some of its most important applications, 
aircraft collector rings, exhaust manifolds, expansion joints, 
and high-temperature processing equipment. This type is 
also used in paint and varnish-manufacturing equipment 
and paper and pulp manufacturing equipment. 

Type 348 is used largely for atomic energy applications. 
It is used in certain applications which require restricted 
tantalum content such as encountered in radioactive service. 


R90 


Fabrication 


Machinability 

Types 321, 347 and 348 are well suited for boring, ream- 
ing, planing and broaching. Because of gumminess with these 
types, slow turning speeds and low feed rates are used 
during turning, milling, drilling and tapping operations. 

The following machining speeds, sfpm, indicate machin- 
ability. They are applicable to materials in this group 
when tungsten or molybdenum high-speed tooling is used: 


Automatic Screw Machining.... 70- 90 (321) (347) 
40- 60 (321) (347) 
30- 50 (321) (47) 


Single-Point Turning 
Roughing (321) (347) 
Finishing (321) G47) 


Formability 

Types 321, 347 and 348 are well suited for most forming 
operations, both hot and cold. 

Type 321 can be readily forged, hot headed, riveted and 
upset. Because of its high red-hardness, more power for 
a given amount of hot forming is required than for mild 
steel. Small forgings should be cooled rapidly from the 
hammer by water quenching. Larger pieces should be re- 
heated after forging to at least 1900 F, then water quenched. 

Forgings can be air-cooled without danger of cracking. 
For full corrosion resistance, all sizes of forgings must be 
annealed by heating to 1900 F, then water quenched. 

Type 321 is readily fabricated by cold working. Being ex- 
tremely tough and ductile, it responds to deep drawing, 
bending, forming and upsetting. After cold working, it is 
slightly magnetic. The tensile strength and hardness of 
Type 321 can be materially increased by cold working. 


Weldability 

Types 321, 347 and 348 resist carbide precipitation and 
can be used in the as-welded condition. They are primarily 
used for those applications which involve welding during 
fabrication and which must be placed in service without a 
post anneal. Type 347 welding rods should be used. 


Corrosion Resistance 


Types 321, 347, and 348 offer excellent defense to inter- 
granular corrosion. They will not only withstand all ordi- 
nary rusting, but are immune to foodstuffs, sterilizing solu- 
tions, most of the organic chemicals and dyestuffs, and a 
wide variety of inorganic chemicals. These steels resist nitric 
acid well, halogen acids poorly, and the sulfuric acids mod- 
erately. For best results, surfaces should be entirely free 
from scale and foreign particles. This can be accomplished 
by passivating. 

Type 321 is less corrosion resistant than Type 347 and 
tends to form a very light rust film when exposed to nor- 
mal atmospheres, but this rusting is not progressive. Ex- 
posure in the 800 to 1500 F range lowers its resistance to 
over-all corrosion to a greater degree than Type 347, and, 
for this reason, it is not used where more severe corrosive 
conditions exist. It finds wide use in high-temperature ap- 
plications where protection against intergranular attack is 
essential. 

Types 347 and 348 are about as resistant to general over- 
all corrosion as Types 302 and 304. Heating within the 
carbide precipitation range for long periods of time may 
affect their over-all resistance in severe corrosive environ- 


ments. 
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Stainless Steels 





AISI Types 308, 309, 3095S, 310, 3108 and 314 


Data applies to all types unless noted. 

Values are typical unless noted. 
Blooms, billets, slabs, hot and cold rolled sheets, strip, plate, hot and cold fin- 
ished bars, wire, shapes. 
Blooms, billets, slabs, hot and cold rolled sheets, sheets, strip, plate, hot and 
cold finished bars, wire, tubing, pipe, shapes. 


(308) 


available in (309) (309S) 


(310) (310S) 


(314) 


ished bars, shapes. 


Type 
308 


309 
analyses > 309S 
310 
310S 
314 


Physical Properties 


28 x 10% 


Modulus of Elasticity (psi) 
29 x 10° 


Density (Ib per cu in.) 0.29 


0.279 
(microhm-cm) 72 


Resistivity 
78 


Electrical 


77 
Specific Heat (Btu/lb/deg F) ..... 


Thermal Conductivity 
(Btu/hr/sq ft/ft/deg F) 


Mean Coefficient of Thermal Expansion 
(per deg F) 

32-212 F 9.6 x 10-6 
8.3 x 10-6 
8.0 x 10-6 
9.9 x 10°¢ 
9.3 x 10° 
9.0 x 10-6 
8.4x 10°% 
10.2 x 10°* 
9.6 x 10°¢ 
9.4x 10% 
10.4 x 10° 
10.0 x 10-6 
97x 10% 


32-600 F 


32-1000 F 


32-1200 F 


A 


Mechanical Properties 


Tensile Strength (psi) 


Sheet and strip 


Annealed .. 85,000 


90,000 
95,000 
100,000 


85,000 
95,000 


Plate 
Annealed 


100,000 


1961 Edition 


Ni 
10-12 
12-15 
12-15 
19-22 
19-22 
19-22 


(308) 

(309) (309S) 

(310) (310S) 
314 


(308) (309) 
(309S) (310) 
(310S) 
(314) 

(308) 

(309) (309S) 
(310) (310S) 
(314) 


(308) 
(309) (309S) 
(310) (310S) 
(314) 


(308) 
(309) (309S) 
(310) (310S) 


(308) 
(309) (309S) 
(310) (310S) 
(314) 


(308) 

(309) (309S) 

(310) (310S) 
308 


(308) 
(309) (309S) 
(310) (310S) 
(314) 


(308) 
(309) (309S) 
(310) (310S) 
(314) 


(308) 
(309) (309S) 
(310) (310S) 
(314) 


C, max 


0.08 
0.20 
0.08 
0.25 
0.08 


0.25 


S, max 
0.03 
0.03 


Mn,max Si,max P, max 
l 0.045 
l 0.045 
] 0.045 

15 0.045 

15 0.045 

0.045 


wo HN DPD WD 


Bars 
Annealed 
95,000 


100,000 


115,000 
125,000 


95,000 
105,000 


Wire 
Soft Temper, 0.062 in. ............. 


OS im... 


Tubing and pipe 


Annealed, welded 95,000 


Yield Strength (psi) 
Offset = 0.2 per cent 


Sheet and strip 
Annealed ine 35,000 


45,000 


50,000 
Plate 
Annealed ....... 30,000 
40,000 
45,000 
50,000 


30,000 
40,000 
45,000 
50,000 


Bars 
Annealed 


Wire 
Soft Temper, 0.062 in. 80,000 


90,000 


60,000 
70,000 
75,000 


Tubing and pi 


Annealed, welded .... 40,000 


Elongation in 2 Inches (per cent) 
Sheet and strip 
led 


Blooms, billets, slabs, hot and cold rolled sheets, strip, plate, hot and cold fin- 


Other, max 


(308) 
(309) (309S) 
(310) (310S) 
(314) 


(308) 
(309) (309S) 
(310) (310S) 


(308) 
(309) (309S) 
(310) (310S) 


(309) (309S) 
(310)(310S) 


(308) 
(309) (3098) 
(310)(310S) 
(314) 


(308) 
(309) (309S) 
(310) (310S) 
(314) 


(308) 
(309) (309) 
(310) (310S) 
(314) 


(308) 

(309) (309S) 

(310) (310S) 
308 


(308) 
(309) (3909S) 
(310) (310S) 


(308) (309S) 
(310) (310S) 


(308) 
(309) (309S) 
(310) (310S) 
(314) 


83 





DESIGN DATA 
Plate 


Annealed 


Bars 
Annealed 


Wire 
Soft Temper, 0.062 in. 


Sussss 


Tubing and pi 
Annealed, welded 


ay 
uw 


Reduction of Area (per cent) 
Plate 


Annealed 


Bars 
Annealed 


Wire 
Soft Temper, 0.062 in. and 0.5 in. 


Notched-Bar Impact Test (ft-lb) 
Plate 


Annealed 


Bars 


Annealed 


Hardness Number 


Sheet and Strip 
Annealed 


Plate 
Annealed .. Bhnl5SO 
Bhn170 


Bhn180 


Bars 

Annealed Bhn150-Re&80 

Bhn160-Re&3 

Bhn185-Ra&9 
Bhn180 

Wire 

Soft Temper, 0.50 in Re98 


Tubing and pi 
Annealed, welded 


R85 
Rs90 


(308) 
(309) (3095) 
(314) 
(310) (310S) 


(308) 
(309) (309S) 
(314) 
(310) (310S) 
(308) 
(309) (309S) 
(310) (310S) 
(308) 
(309) (399S) 
(310) (310S) 


(309) (309S) 
(310) (310S) 


(308) (314) 
(310) (310S) 


(308) (309) 
(309S) (310) 
(310S) 
(314) 


(308) (309) 
(309S) (310) 
(310S) 


(310) (310S) 


(308) (309) 
(309S) 
(310) (310S) 


(308) 
(309) (309S) 
(310) (310S) 
(314) 


(308) 
(309) (309S) 
(310) (310S) 
(314) 


(308) 
(309) (309S) 
(310) (310S) 
(314) 


(309) (309S) 
(310) (310S) 


(309) (309S) 
(310) (310S) 


Elevated Temperature Properties 


Creep Strength (psi) 


Load for | per cent elongation in 10,000 hrs. 
1000 F 15,900 
17,000 
1100 F . 11,600 
13,000 


1200 F , 8,000 
9,000 


(309) (309S) 
(310) (310S) 
(309) (309S) 
(310) (310S) 
(309) (309S) 
(310) (310S) 


(309) (309S) 
(310 (a 
309) (309S 
(310) (310S) 
Scaling Temperature (deg F) 
Max in air 
Continuous (309) (309S) 
(310) G10S) 
(309 eros 
(310) (310S) 


Intermittent 


Treatment Temperatures 


Initial Forging Temperature (deg F) 2100-2300 (308) 
2050-2250  (309)(309S) 

(310) (310S) 

(314) 


Annealing Temperature 
(309) (309S) 
(310) (310S) 
(314) 
Hardening Temperature (deg F) 
Hardenable by cold work only 
Tempering Temperature (deg F) 
Hardenable by cold work only 
Stress Relief Temperature (degF) 400-750 (310)(310S 
Melting Range (deg F) 308 
2550-2660 


. (309) (3098 
2550-2650 (310)(310S) 


Characteristics 


Type 308 is a modification of Type 304 which offers 
slightly higher corrosion and heat resistance due to its 
higher alloy content. It has a higher resistance to carbide 
precipitation than Type 304, thus permitting the use of 
308 weldments under a wider range of corrosive conditions, 
where stress-relieving heat treatments are not necessary. Type 
308 is nonmagnetic in the annealed condition but becomes 
very slightly magnetic when cold worked. 

Type 309 is a nonmagnetic, austenitic stainless steel com- 
bining high resistance to oxidation with high tensile and 
creep strength at elevated temperatures. Its corrosion re- 
sistance is excellent. This steel has good ductility and mal- 
leability so that difficult shapes and structures are easily 
fabricated. It is also readily welded and machined. This 
material is nonmagnetic when annealed and very slightly 
magnetic when cold worked. 

Type 309S is a low-carbon modification of Type 309 
which has better resistance to carbide precipitation and 
hence, better weldability. Type 309S is used in preference 
to Type 309 where the completed structure is subject to 
moist corrosive conditions and where carbide precipitation 
must be avoided. This material is nonmagnetic when an- 
nealed and very slightly magnetic when cold worked. 

Types 310 and 310S have slightly higher chromium and 
nickel content than Type 309 and are more resistant to 
corrosion, scaling, and oxidation at elevated temperatures. 
These alloys resist temperatures up to 2100 F in continu- 
ous service, and provide good resistance to both carburiz- 
ing and reducing environments. The high nickel content 
reduces carbon absorption and maintains a more stable 
structure. These grades retain good strength and toughness 
at high temperature and possess much better creep prop- 
erties than straight chrome steels at high temperatures. 
Type 310S is a iow-carbon modification of Type 310 which 
is used for welded constructions. All of these steels are non- 
magnetic in the annealed and cold-worked conditions. 

Type 314 is an austenitic chromium-nickel steel with the 
best heat resisting properties of any chromium-nickel steel 
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Basically it is a modification of Type 310 with silicon added 
to impart increased resistance to oxidation and carburiza- 
tion. The higher silicon content of this alloy renders it 
subject to embrittlement when exposed for extended periods 
between 1200 and 1500 F. This brittleness, evident only 
at or near room temperatures, is harmful only if the ma- 
terial is subject to shock stressing at low temperatures. 
This may be eliminated by 1 or 2 hr of exposure to tem- 
peratures of 1800 to 1900 F. Type 314 is nonmagnetic when 
annealed and cold worked. 


Applications 


Type 308 is used in high-temperature plant equipment, 
industrial furnaces, and for welding rods. 

Type 309 is recommended for furnace parts, fire-box 
chutes, high-temperature containers, and weld wire. It is 
also used in chemical-processing equipment, electrical equip- 
ment, heat-treating equipment, petroleum-refining equip- 
ment, paper and pulp-manufacturing equipment. 

Type. 310 is used for structural parts of internal-com- 
bustion and turbojet engines which are exposed to highly 
corrosive gases. In addition, Type 310 is used for chemical 
processing equipment, electrical equipment, heat-treating 
equipment, mining and smelting equipment, petroleum proc- 
essing equipment. 

Type 314 is used extensively in heat-treating equipment. 


Fabrication 


Machinability 

All types are suitable, with some precautions, to most 
machining operations. These materials machine with a 
tough, stringy chip. They machine in a manner similar to 
copper-nickel alloys, except that they work harden. Machin- 
ability can be somewhat improved by using moderately 
cold-drawn bars. 

The following machining speeds, sfpm, indicate relative 
machinability and are applicable to materials in this group 
when tungsten or molybdenum high-speed tooling is used: 


Automatic Screw Machining.... 60- 80 


(309) (3098) 
(310) (310S) 
Milling and Drilling ........ . 30-5 (309) (309S) 
(310) (310S) 


Single-Point amend 

Roughing ..... pete 60- 90 (309) (309S) 

(310) (310S) 
309S 


Finishing a (309) (309S) 
(310) (310S) 


1961 Edition 


DESIGN DATA 


Formability 

All types are suitable for forming operations with several 
precautions, These types can be forged, hot headed, and 
upset satisfactorily. In forging, these steels, because of ele- 
vated temperature strength, require higher pressures and 
special die considerations. Small forgings should be cooled 
rapidly in air, or water quenched from the hammer. If pre- 
cipitation of carbides will be harmful in corrosive environ- 
ments Types 309S and 310S are recommended. 

These steels can be deep drawn, stamped, cold headed, 
and cold upset without difficulty. Since they work harden, 
severe forming operations should be followed by an anneal. 


Weldability 

Type 308 is suitable for welding by most common proc- 
esses. 

Types 309, 309S, 310 and 310S can be satisfactorily welded 
and brazed by all methods. They do not air harden on 
cooling, and the weld will be very tough. If carbide pre- 
cipitation will be a problem in corrosive envirdfiments, 
Types 309S and 310S are recommended, unless the welded 
assembly can be heated to 1900 F and water quenched. 

Type 314 can be welded. When fusion or resistance weld- 
ing methods are used, care should be taken to avoid cracking. 


Corrosion Resistance 


Type 308 contains higher chromium and nickel than 
Type 302, thereby increasing its resistance to corrosion in 
specific applications. It has greater resistance to carbide 
precipitation than Type 304, thus permitting the use of 
welded equipment under a wider range of corrosive con- 
ditions, since stress-relieving heat treatments are not nec- 
essary. See Type 302 for specific resistance to corrosion. 

Types 309 and 309S, because of the somewhat higher 
chromium and nickel contents, have slightly better cor- 
rosion resistance than stainless Type 304. 

Types 310 and 310S have excellent corrosion resistance 
and are superior to stainless Type 304 and Type 309 in 
many environments. They are resistant to the same degree 
as Type 302 to certain corrosive media. Laboratory tests also 
indicate Types 310 and 310S have good resistance to 92-95 
per cent fuming nitric acid at room temperature and at- 
mospheric pressure, and good resistance to fused nitrates 
up to 800 F. Their use is suggested where minimum con- 
tamination of the nitrates is desired. 

Type 314 has corrosion resistant properties similar to Type 
310, except that it is never used for wet corrosion. It is 
extensively used for resistance to elevated temperature oxi- 
dation, particularly when carburizing conditions are also 
encountered. 





Stainless Steels 





AISI Types 403, 410, 414, 416 and 416Se 


Data applies to all types unless noted. 
Values are typical uniess noted 


(403) Blooms, billets, slabs, hot and cold rolled sheets, strip, hot and cold finished 
bars, wire, shapes. 
available in b (410) (414) Blooms, billets, slabs, hot and cold rolled sheets, strip, plate, hot and cold 
finished bars, wire, shapes. 
(416)(416Se) Blooms, billets, slabs, hot and cold finished bars, wire, shapes. 


Type Cr Ni C, max Mn,max Si,max P,max S, max 
— 0.15 l 0.5 0.04 0.03 — 


- 0.15 0.04 0.03 * 
analyses > 125-25 O15 0.04 0.03 io 

—_ 0.15 : 0.06 0.15 min Mo 0.6 Zr 0.6 

a 0.15 0.06 Se 0.15 min 


Soft Temper* 95, (403) 
(414) 

Tempered and Cold Drawn* 95, (410) (416) 
(416Se) 


Physical Properties 


Modulus of Elasticity (psi) wa 29x10 
Density (lb per cu in.) .. 0.28 Yield Strength (psi) 
Electrical Resistivity (microhm-cm) 57 (403) (410) Offset = 0.2 per cent 
(416) (416Se) 

70 (414) Sheet and strip 
Specific Heat (Btu/lb/deg F) 0.11 , rales 
Thermal Conductivity y (416) (416Se 
(Btu/hr/sq ft/ft/degF) . 14.4 Plete (414) 
Mean Coefficient of Thermal 410 
Expansion (per deg F) in 
92-212 F 55x10  (403)(410) Ber ) 
soe ane Annealed | (403) (410 
rt ed 416) (416Se 
32-600 F 6x10 (403)(410) sant (416) ¢ aa 
a Hardened and Tempered’ .... .60,000-145) (403) (410 
. 6.1x10°¢ (414) calercalese 
32-1000 F 6.4x10°° (403) (410) ' 414) 
_ (416) (416Se) ".. 85,000 (403) (4103 
23.1900 F onan aio (416) (416Se) 
32-1200 I 6.5x10 (403) (410) Annealed and Cold Drawn? 414) 
(416) (416Se) Tempered and Cold Drawn! , coy 


. 4 Wire 
Mechanical Properties Renatet Denien? a 


Tensile Strength (psi) 


. . 414) 
Sheet and strip f Tempered and Cold Drawn? 85, (410) (416) 
Annealed 65,000 (403) (410) (416Se) 
PI 120,000 (414) 
ate * . 
| we 70,000 (410) Elongation in 2 Inches (per cent) 
. 115,000 (414) Sheet and strip 
ars 
Annealed 75,000  (403)(410) Annealed ead )7) 
(416) (416Se) Plate 
__ 175,000 (414) 410 
Hardened and Tempered! 90,000- 190,000 (403) (410) “in 
(416) (416Se) ) 
~ 120,000-200,000 414 
Tempered! 110,000 (403) (410) (403) (410) 
(416) (416Se) (416) (416Se) 
Annealed and Cold Drawn! . 130,000 (414) (410) 
Tempered and Cold Drawn! 100,000 (410) (416) , . (403) oa 


Wire — —— 
Annealed Temper? 75,000 (410) (416) (416) Cas6SeS 
5 414 


(416Se) Annealed and Cold Drawn! 
Tempered and Cold Drawn? 410 
(416) (416Se 
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Wire 7 
poe an Elevated Temperature Properties 
(416) (416Se) 
(403) Creep Strength (psi) 


Load for 1 per cent elongation in 10,000 
tdi0y hr 
(416) (416Se) 9,200 (403) (410) 
(416) l6se) 
4,200 (403) ) 
Reduction of Area (per cent) (416) (416Se) 
2,000 — (40%)(410) 
(416) (416Se) 
(403) (410 1,000 (403)(410) 
a14cal6> (416) (416Se) 
(416Se) 
(403) (410) Scaling Temperature (deg F) 
(416) Al6Se) Mor ta ott 


Continuous 


Soft Temper? 
Tempered and Cold Drawn? 


(414) 
(416) (416Se) 
410 


(410) 
(416) (416Se) 
414) 


Annealed and Cold Drawn! 


Intermittent (416) (416Se) 
Tempered and Cold Drawn! (410) 


SSSaR 


410) 
(416) (416Se) 
Wire 
Annealed Temper? 


410 
cece Low-Temperature Properties 


(414) 
(410) Nominal Yield Strength (psi) 
(416) (416Se) 32F —40F —80F 
90 G4 148 


Soft Temper? 
Tempered and Cold Drawn? 


S8u88S 


Netched-Ser impact Test (i-th) Nominal Tensile Strength (psi) 
32F —40F —80F -320F 
(403) (410) 122 128 158 
(416) (416Se) ; 
(414) Nominal Elongation in 2 inches (per cent) 


403) (410 “ a 
cals) (ase) i = ¢ ~ , 


(ale calese> Nominal Reduction in Area (per cent) 
(410) 32 F —40 F —80F 
(416) (416Se) 64 60 
Nominal! Impact Strength—izod (ft-lb) 


Hardness Number 32F —40F —80F 
25 25 


Sheet and strip 
Annealed (403) (410) 
(414) 


Plate Treatment Temperatures 


Annealed ‘ (410) 
(414) 


Bars Initial Forging Temperature 
Annealed ..Bhn155-R,82 (403) (410) ) (403) (410) 
(416) (416Se) (414) 
Bhn235 414) (416) (416Se) 

Hardened and Tempered’ ....Bhn390-Bhn180 (403) (410) ni 
(416) (416Se) Full (403) (410) 
Bhn250-Bhn410 414) (416) (416Se) 
Bhn225-R,97 (403) (410) (403) (410) 
(416) (16Se) (416) (416Se) 


Annealed and Cold Drawn! (414) 
Tempered and Cold Drawn! ....Bhn205-R,94 (410) (416) Hardening Temperature (deg F) .. (403) (410) 
(416Se) (416) (416Se) 

(414) 


Wire 
Annealed Temper? R,82 (410) (416) Tempering Temperature (deg F) 
(416Se) 400- (403) (410) 


Re MN oivctgs cseciy cascansa R,92 (403) (416) (416Se) 
R,.29 (414) 


x (414) - 
Tempered and Cold Drawn? R,92 (410) (416) Melting Range (deg F) -275 (403) (410) 
416Se) (416) (416Se) 


Fatigue Endurance Limit (psi) Characteristics 


(403) (410) Type 403 is a selected-quality stainless and heat-resisting 
(416) (416Se) chromium steel developed to meet the exacting requirements 
alecaes of turbine construction. It combines corrosion resistance 

with a high elastic limit and high impact strength. This 


Tempered and Cold Drawn’ (410) (416) ies 
(416Se) steel is magnetic in all conditions. 
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DESIGN DATA 

Type 410 is a general-purpose, heat-treatable stainless 
steel. It is the least expensive of all stainless steels, has 
good corrosion resistance, and fair machining properties. 
Type 410 is magnetic in all conditions. 

Type 414 is a corrosion and heat-resisting, nickel-bearing 
chromium steel which combines the corrosion and heat- 
resisting properties of 12 per cent chromium steels with 
high strength and toughness. These superior mechanical 
properties are developed by heat treatment. Type 414 is 
magnetic in all conditions. 

Types 416 and 416Se are corrosion-resisting chromium 
steels to which elements have been added to improve the 
machining and nonseizing characteristics. Type 416 was the 
first free-machining stainless steel. Besides good machin- 
ing properties, this steel also grinds and polishes freely 
and can cut the cost of these operations about 20 per cent. 
The low-friction properties of these materials tend to re- 
duce scratching, galling, or seizing in service. Both types 
are magnetic in all conditions. 


Applications 


Type 403 was developed originally for turbine applica- 
tions and service requiring high mechanical properties when 
the material is subjected to corrosion, abrasive wear, and 
weather erosion. It has been employed in highly stressed 
sections of gas turbines and similar equipment which are 
operated well above room temperature. 

Type 410 is used for steam-turbine blades and other 
highly stressed parts, similar to Type 403. In addition, it 
is used in business machines, heat-treating equipment, 
household equipment, mining and smelting equipment, 
chains, petroleum equipment and pharmaceutical equipment 

Type 414 is used for many heat-treated parts such as 
high-strength bolts, nuts, springs, knife blades, and temper 
rules. 

Type 416 is used for nuts, pump shafts, valve stems, 
shafts, axles, gears, pinions, worms, valve trim and bolts. 
In addition, it is used in packaging machinery, radio and 
electronic equipment, and sporting equipment. 


Fabrication 


Machinability 

All grades are suitable for turning, milling, drilling, tap- 
ping, boring, reaming, planning and broaching operations. 

Type 410, in the dead-soft condition, is tough and draggy. 
It will machine better in the cold-drawn or heat-treated 
condition. Where higher mechanical properties are required, 
it can be machined at hardnesses up to Rockwell C34. In 
turning operations, it is comparable to SAE 4140, 6140, etc., 
with speeds of 80 to 115 sfpm. 

Type 414, in the annealed condition, tends to machine 
with a poor finish. In turning operations, it is comparable 
to SAE 3150 and 6150 with speeds of 40 to 80 sfpm. 

Type 416 cuts very freely because of the addition of sul- 
phur. In automatic screw machines, it machines like SAE 
1120 with cutting speeds of 110 to 140 sfpm. At a higher 
hardness such as Rockwell C34, Type 416 is still commer- 
cially machinable. 

The following machining speeds, sfpm, indicate relative 
machinability and are applicable to materials in this group 
when tungsten or molybdenum high-speed tooling is used: 


Automatic Screw Machining 90-100 (403) (410) 
414 


80-100 ) 

120-150 416) 

Milling 40- 60 (403) (410) 
414) 


416) 
Drilling (403) (410) 
46) 


Single-Point Turning 

Roughing (403) (410) 
416) 
414) 

Finishing . (403) (410) 
414) 
416) 


Formability 

Type 403 is readily formable by the conventional methods. 

Type 410 can be readily forged, headed, riveted and up- 
set. It is harder when hot than mild steel and, conse- 
quently, requires more blows or a heavier hammer. It can 
be cooled in air, but large forgings should be allowed to 
cool slowly in dry lime or a furnace. Forgings can be 
trimmed hot, or annealed and trimmed cold. In the an- 
nealed condition, Type 414 can be moderately formed, 
polished or buffed as desired. 

Type 416 can be readily hot headed and drop forged, 
but hot trimming is preferable to cold trimming. Large 
forgings should be allowed to cool slowly in dry lime or 
ashes. Forgings are trimmed hot if possible. Otherwise, an- 
nealed and trimmed cold. 

Type 446 will withstand moderate cold work, but is not 
recommended for severe cold upsetting. Some manufac- 
turers do cold head Type 446 successfully. The big field 
for this steel is in parts that are machined to shape. 


Weldability 

Type 403 can be welded. If fusion welding is used, the 
material must be preheated, postheated or both to prevent 
cracking. 

Type 410 can be satisfactorily welded. Welding rods should 
be of similar analysis. Where possible, parts should be pre- 
heated to at least 350 to 400 F before welding to prevent 
cracking, particularly in heavy or intricate sections. Since 
Type 410 is air-hardening, it should be annealed after 
welding to make the sections uniformly ductile. 

Type 414 can be satisfactorily welded. Welding rods should 
be of similar composition. Preheating to at least 350 F is 
desirable to prevent cracking. 

Types 416 and 416Se are not recommended for welding. 


Corrosion Resistance 


Types 403, 410 and 414 have excellent corrosion resistanc 
whether heat treated or not. For best results, surfaces should 
be entirely free of scale and foreign particles. This can be 
accomplished by passivating. These types will resist cor- 
rosion from atmosphere, fresh water, mine water, steam, 
carbonic acid, crude oil, gasoline, blood, perspiration, al- 
cohol, ammonia, mercury, soap, sugar solutions, and other 
reagents. They possess a high degree of resistance to at- 
mospheric corrosion because of their ability to form a 
tightly adherent oxide film, which protects the surface 
from further attack. Maximum resistance to corrosion is 
obtained by hardening and polishing. 

Types 416 and 416Se have corrosion resistance that is 
not quite so good as Types 403, 410 and 414. These steels 
will generally show a higher corrosion rate under strong 
corrosive conditions than other types with similar chro- 
mium content. When Type 416 must be substituted for 
any of the other grades because of machining characteris- 
tics, tests should be conducted to determine its suitability, 
particularly if the corrosive conditions are severe. In gen- 
eral, Types 416 and 416Se are used to resist atmosphere, 
fresh water, mine water, steam, carbonic acid, gasoline, crude 
oil, blood, perspiration, alcohol, ammonia, soap, sugar solu- 
tions and most foodstuffs. 
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Stainless Steels 


AISI Types 405, 430, 430F, 430FSe and 446 





Data applies to all es unless noted. 
Values are typical unless noted. 


(405) (446) Blooms, billets, slabs, hot and cold rolled sheets, strip, plate, hot and cold 
finished bars, wire, shapes. 
available in - (430) Blooms, billets, slabs, hot and cold rolled sheets, strip, plate, hot and cold fin- 
ished bars, wire, tubing, pipe, shapes. 
(430F) (430FSe) Blooms, billets, slabs, hot and cold finished bars, wire, shapes. 


Type Cr Ni C,max Mn,max_ Si,max P, max S, max Other, max 
405 usM45 — 0.08 1 1 0.04 0.03 Al 0.1-03 
430 14-18 0.12 1 1 0.04 0.03 ae 
analyses . 430F 14-18 0.12 1.25 1 0.06 0.15 min Mo06 Zr06 
430FSe 14-18 0.12 I 0.06 0.06 Se 0.15 min 
446 23-27 0.2 1 0.04 0.03 N 0.25 


Physical Properties 
y pe , (405) 
75,000 (430) 
80,000 (430F) (430FSe) 
(446) 
85,000 (405) (430) 
446 


(446) 

(405) (430) 90,000 (430F) (430FSe) 

(430F) (430FSe) 

67 (446) 


Modulus of Elasticity (psi) 
Density (lb per cu in.) (405) (430) 
(430F) (430FSe) 
(446) 


Electrical Resistivity (microhm-cm) 


—— 

Specific Heat (Btu/Ib/deg F) (4301) (as0FSe> 85,000 C430) 
(446) 95,000 (430F) (430FSe) 

——_ Gale . (405) (430) Tubing and pi (446) 

( t ‘Ss t/it/ . 
u/ hr/sq eg (430F) (430FSe) Annealed, welded 

(446) . 

Yield Strength (psi) 


Offset = 0.2 per cent 


75,000 (430) 


Mean Coefficient of Thermal Expansion (per deg F) 
6.0 x 10°¢ 


(430) (430 
Sheet and Stri 
(Gay —- Annealed . 


Sas 


(430) (430) 
ee 
) ; Plate 
6.6 x 10 OU SOFSe) Annealed 


6.2 x 10° - 
as x 10 “ (S0F Bars 
9x10*% (430) 
(430FSe) Annealed 


(405) (430) 
(446) 


(405) 
(430) 
(430F) (430FSe) 
(446) 


ae 
S888 82 888 


Saas 


Mechanical Properties Wire 
Annealed and Cold Drawn! 


(405) (430) 
(446) 
(430F) (430FSe) 


(430) 
(405) 


(430) 
(430F) (430FSe) 
(446) 


Tensile Strength (psi) 


Sheet and strip 
Annealed 


SAS Bs 
S885 8 & 


8 


Tubing and pi 
Plate Annealed, welded 
Annealed 000 Biss at 


‘1-in. bars. 
20.25-in. wire. 


(430) 
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DESIGN DATA 
Elongation in 2 Inches (per cent) 


Sheet and strip 
Annealed wees ) (405) (430) 
d (446) 


Plate 
Annealed weueawne (405) (430) 
) (446) 


Bars 
Annealed 


(405) (430) 
(430F) (430FSe) 
446) 


( 
20 (405) (430) (446) 
5 (430F) (430FSe) 


Annealed and Cold Drawn’ ..... 

Wire 

Annealed Temper? : 35 . (430) 

Soft Temper* .... aan 5 (405) (430) (446) 
0 (430F) (430FSe) 

Tubing and pi 

Annealed, welded nat ~ 2! (430) 


Reduction of Area (per cent) 
Bars 
Annealed ... ; P ; (405) (430F) 


Annealed and Cold Drawn’.... 
(430) 
(439F) (430FSe) 
) (446) 


Wire 
Annealed Temper* (430) 
Soft Temper ........ pense 5 (405) 


0 (430) 
(430F) (430FSe) 
(446) 


Hardness Number 


Sheet and strip 

Annealed .... baa : (405) 
(430) 
(446) 


Plate 
Annealed ; ; 5 (405) 
Bars _ 
Annealed Bhn150 (405) 
Bhn155 (430) 
Bhn!70 (430F) (430FSe) 
Bhn170-R,86 446) 


Annealed and Cold Drawn! ..... Bhnlés 430) 
Bhn190 (4308) UF Se) 
Bhn185-R,90 (446) 


Wire 

Annealed Temper? R,82 430) 

Soft Temper* — R,90 430) 

R,92 (430F) (430FSe) 
(446) 


Tubing and pi 
Jonee Fy welded . ‘ as R,,80 (430) 


Elevated Temperature Properties 


Creep Strength (psi) 


Load for 1 per cent elongation in 10,000 hr 


1000 F 8,500 (430) (430F) 
. 6,000 (446) 

1100 F 4,300 (430) (430F) 
3,000 (446) 

1200 F 2,200 (430) (430F) 
1,500 (446) 

1300 F , ; 1,300 (430) (430F) 
700 (446) 

1500 F , : beet 300 (446) 


90 


Scaling Temperature (deg F) 
Max in air 


Continuous 


Intermittent 


2,150 


Low-Temperature Properties 


Nominal Yield Strength (psi) 
—40F —80F 
4l tt 


—40F —80F 
76 81 


Nominal Elongation in 2 Inches (per cent) 
—40F —80F 
36 36 


Nominal Reduction of Area (per cent) 
32F —40F —80F 
72 70 


Nominal Impact Strength—izod (ft-lb) 
32 F a al “ee 


Treatment Temperatures 

Initial F T ture 
mdes aie empera (405) 
‘ (430) 
1950-2100 (430F) (430FSe) 
1950-2050 (446) 


Annealing Temperature (deg F). aoe 1500 


Hardening Temperature (deg F)...Not hardenable 
Tempering Temperature (deg F)...Not hardenable 


2700-2790 (405) 


2600-2750 (430) (430F) 
(430FSe) (446) 


Melting Range (deg F) 


Characteristics 


Type 405 is a ferritic steel which is not subject to ap- 
preciable hardening by air cooling from high temperatures. 
This nonhardening tendency is helpful in applications where 
a soft, ductile condition is required after the material is 
rapidly cooled from above the critical temperature. This 
same property retards the formation of hardening cracks 
after welding. It facilitates stress-relieving heat treatments 
by permitting air cooling from annealing temperature in- 
stead of the much longer furnace cooling usually required. 
Corrosion and oxidation resistance of this type is similar 
to other 12 per cent chromium stainless steels. This ma- 
terial is easily machined and is ductile. It also can be 
drawn, spun, and formed without difficulty. It is magnetic 
in all conditions. 
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Type 430 is a chromium stainless steel with heat and 
corrosion-resisting properties superior to Type 410. Type 430 
finds considerable application where atmospheric corrosion 
is high. This material possesses good ductility and is easily 
worked hot or cold. Type 430 is magnetic in all conditions. 

Types 430F and 430FSe are free-machining variations of 
Type 430 and are suitable for production of parts on auto- 
matic screw machines. These types do not harden when 
heat treated. Their properties are essentially identical to 
those of Type 430 with somewhat reduced corrosion resist- 
ance due to the free-machining elements added. Both grades 
are magnetic in all conditions. 

Type 446 is a low-carbon, high-chromium alloy recom- 
mended for high temperature applications (up to 1900 F) 
where resistance to oxidation is important. This alloy tends 
to lose strength at temperatures over 900 F, and should 
not be used where high strength and toughness are re- 
quired. Type 446 resists destructive scaling up to about 
2000 F and has the lowest coefficient of thermal expansion 
of the stainless alloys. In thermal and structural character- 
istics it is very similar to Type 430. It is magnetic in all 
conditions. 


Applications 


Type 405 is used extensively in steam-turbine stator blades 
where high-temperature resistance to corrosion and high 
strength are required. It is also used in refinery equipment. 

Type 430 is used wherever bright trim is necessary such 
as in automotive applications; body molding, door handles, 
bumpers, medallions, radiator grills, gas-tank caps, etc. It 
is also used for vending machines, counters, show cases, 
jewelry, electrical appliances and many other items that 
need to be dressed up to increase their appearance. In ad- 
dition, it is used in the architectural and building, air- 
craft and aviation, and baking-industry applications. Other 
equipment: beverage, food serving, household, ice cream 
manufacturing, laundry and dry cleaning, petroleum in- 
dustry, photographic, packaging machinery, radio and elec- 
tronics, sporting, and textile manufacturing. 

Types 430F and 430FSe are used generally in aircraft 
parts, gears, and other high-corrosion applications. It is 
also used for foodstuff-processing, chemical-processing, and 
dairy products equipment. 

Type 446 is used heavily in furnace parts, baffles, rabble 
arms, furnace linings, heat-treating equipment, mining and 
smelting. 


Fabrication 


Machinability 

All types are suitable for turning, milling, drilling, tapping, 
boring, reaming and broaching operations. 

Type 430, in turning operations, machines somewhat like 
SAE 3140, 4140, etc. The recommended speeds for turning 
operations are 85 to 115 sfpm. It will machine easier when 
in the cold drawn condition. 

Type 430F has excellent machinability properties. It cuts 
very freely and, in automatic screw machines, it machines 
like SAE 1030, 1120 or X1340. It machines in turning op- 
erations at speeds of 120 to 150 sfpm. 

The following machining speeds, sfpm, indicate machin- 
ability and are applicable to materials in this group when 
tungsten or molybdenum high-speed tooling is used: 
Automatic Screw Machining.... 90-100 

120-150 
80-100 
40- 60 


Single-Point Turning 
Roughing - (405) (430) 
(430F) 
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H6 

Finishing (405) (430 
“ rr 


Formability 

All types can be formed in the more conventional man- 
ners. 

Type 430 can be forged, upset and hot headed satisfac- 
torily. If reheating is necessary in hot-working operations, 
the last temperature used should not be over about 1900 
to 1950 F to prevent excessive grain growth. Also, grain 
growth occurs if 430 is soaked at the forging temperature. 
Forgings should be air-cooled. Type 430 is sold almost 
exclusively in the form of cold-rolled strip and cold-drawn 
wire for formed, drawn, stamped and headed parts. It is 
extremely ductile in these forms and lends itself readily 
to complicated press work and roll forming. In cold-rolled 
strip in the lighter gages, it is furnished in a very smooth, 
bright finish and, unless damaged in fabrication, can usually 
be buffed to a high-gloss finish without any polishing 
whatever. 

Type 430F must be treated carefully in forming because 
the additives that increase machinability lessen formability. 
Although it can be forged, soaking at the forging tempera- 
ture produces grain growth. Forgings should be air-cooled. 

Type 430FSe will withstand moderate cold working but 
is not recommended for cold upsetting. The major appli- 
cation for this steel is parts that are machined to shape. 


Weldability 

Type 405 has exceptionally good properties for fusion 
welding. 

Type 430 can be spot welded, seam welded or pulsation 
welded. It is not recommended for heavy sections where 
arc or torch welding must be employed. In all such weld- 
ing operations, there will be coarsening of the grain in the 
parent metal. However, ductility can be somewhat re- 


stored by annealing at 1400 F. Type 430 can be soft and 
hard soldered. 
Types 430F and 430FSe are not recommended for welding. 
Type 446 must be welded or brazed with great care be- 
cause of the high chromium content. 


Corrosion Resistance 


Type 405 possesses a high resistance to atmospheric cor- 
rosion because of its ability to form a tightly adherent ox- 
ide film which protects the surface from further attack. In 
many atmospheres a light rust film forms, but subsequent 
corrosion is not progressive. This grade will resist corrosion 
from the atmosphere, fresh water, mine water, steam, car- 
bonic acid, crude oil, gasoline, blood, perspiration, alcohol, 
ammonia, mercury, soap, sugar solutions, and other re- 
agents. For best results, surfaces of parts must be entirely 
free from scale and foreign particles. This can be accom- 
plished by passivating. 

Type 430, 430F, and 430FSe are recommended to combat 
corrosion from the atmosphere, fresh water, foodstuffs, nitric 
acid, dairy products, etc. For best results, surfaces should 
be entirely free of scale and foreign particles. This can be 
accomplished by passivating. These steels have excellent re- 
sisistance to nitric acid. They are widely used in plants 
manufacturing nitric acid by the ammonia-oxidation proc- 
ess. They are also extensively employed as trim in kitchen 
equipment because of their ability to withstand atmespheric 
corrosion. These steels are more corrosion resistant than 
Type 410 but less than the austenitic alloys such as Type 
302. In the highly polished condition, they attain maximum 
corrosion resistance. 

Type 446 has excellent resistance to atmospheric corro- 
sion and is generally more corrosion resistant than the lower 
chromium steels, such as Types 410 and 430. 





Stainless Steels 


AISI Types 431, 440A, 440B and 440C 


Data applies to all types unless noted. 
Values are typical unless noted 


(431) (440A) 


available in ’ (440B)(440C) shapes. 


Type C, max 
431 0.2 


analyses t 440A 0.6-0.75 
440B 0.75-0.95 
440C 0.95-1.2 


Physical Properties 


Modulus of Elasticity (psi) 29 x 108 
Density (lb per cu in.) 0.28 
Electrical Resistivity (microhm-cm) 72 (431) 
60 (440A) (440B) 
(440C) 
Specific Heat (Btu/lb/deg F) 
Thermal Conductivity 
(Btu/hr/sq ft/ft/deg F) 7 (431) 
(440A) (440B) 
(440C) 
Mean Coefficient of Thermal 
Expansion (per deg F) 


32-212 F 


(431) 


Mechanical Properties 


Sheet, strip and plate 
Annealed 125,000 
105,000 
107,000 


110,000 


Bars 


125,000 
105,000 
107,000 
110,000 
125,000- 
205,000 
260,000 
280,000 
285,000 
130,000 
115,000 
120,000 
125,000 


Annealed 


Hardened and Tempered' .. 


Annealed and Cold Drawn!’ 


Wire 


Annealed Temper? 


Soft 


Temper? 


125,000 


‘l-in, Dare 
*0.25-in. wire 


92 





Blooms, billets, slabs, sheet, strip, plate, hot and cold finished bars, wire, 


P, max 
0.04 


0.04 
0.04 
0.04 


Mn, max Si, max 
l l 


l l 
l l 
l ] 


Yield Strength (psi) 
Offset = 0.2 per cent 


Sheet, strip and plate 
Anneal 


Bars 
Annealed 


Hardened and Tempered 


Annealed and Cold Drawn! 


Wire 
Annealed Temper? 


Soft Temper? 


Elongation in 2 Inches (per cent) 


Sheet, strip and plate 
Annealed (431) (440A) 
(440B) 
(440C) 


(431) (440A) 
(440B) 


= 8 


Bars 
Annealed 


xh 


Hardened and Tempered? 


Annealed and Cold Drawn! 


“"ONUNwWwWUM 


Wire 
Annealed Temper® ...........2+.:. 


WHC 


Soft Temper? 


(440C) 

10 (431)(440A) 
8 (440B) 
6 (440C) 
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Reduction of Area (per cent) 


Sheet, strip and plate 
Annealed 


Bars 
Annealed 


Hardened and Tempered! 
Annealed and Cold Drawn! 


Wire 
Annealed Temper? 


Soft Temper? 


SRASSsH vusnubudan RRA 


Notched-Bar Impact Test (ft-Ib) 


Bars 
Annealed 


Annealed and Cold Drawn! 
Hardened and Tempered! 


Hardness Number 


Sheet, strip and plate 

Annealed Bhn260-Re24 
Bhn215-Rs95 
Bhn220-Rs96 
Bhn230-Rs97 


Bhn260-Ro24 
Bhn215-Rs95 
Bhn220-Re96 
Bhn230-Rs97 
Bhn260-415 
Bhn510 
Bhn555 
Bhn580 
Bhn270-Re26 
Bhn240-Rs99 
Bhn250-Re23 
Bhn260-Rc24 


Bars 
Annealed 
Hardened and Tempered? 


Annealed and Cold Drawn!’ ... 


Wire 

Annealed Temper Re95 
Rs96 
Rs97 

Soft Temper Re29 
Re99 
Ro24 


(431) 
(440A) (4408) 


(440C) 
(440A) (440B) 
440C) 


(440A) (4408) 
(4400 


+ 


Elevated Temperature Properties 


Creep Strength (psi) 
Load for 1 per cent elongation in 10,000 hr 
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5.6x 10° (440A)(440B) 
440C) 
6.7 x 10°* (431) 


Treatment Temperatures 
Initial Forging Temperature (deg F) 2100-2250 
1900-2200 


1900-2150 
1900-2100 


1550-1650 (440A) (440B) 
(440C) 


1150-1225 (431) 
1350-1450 (440A)(440B) 
(440C) 


1800-1950 
400-1200 (431 
300-800 (440A) (44083 
440C 
2500-2750 (440A) (440B) 
(440C) 


Hardening Temperature (deg F) .. 
Tempering Temperature (deg F) .. 


Melting Range (deg F) 


Characteristics 


Type 431 is a nickel-bearing chromium steel, which, 
when heat treated, has high mechanical properties. Su- 
perior mechanical properties include excellent toughness or 
impact strength at relatively high hardness levels. It is 
tougher than Type 430 and shows good ductility when 
heat treated. Type 431 is magnetic in all conditions. 

Types 440A, 440B and 440C are high-carbon chromium 
steels designed to provide corrosion-resistant properties with 
excellent hardness. in some respects they are similar to 
tool steels. They are always used in the hardened condi- 
tion and develop maximum toughness when heat treated. 
Type 440A has greater hardness than Type 420 and greater 
toughness than Types 440B and 440C. Type 440B has 
greater toughness than 440C and greater hardness than 
440A. Type 440C has the highest hardness of any corro- 
sion-resistant steel and is corrosion resisting only in the 
fully annealed condition. All three types are magnetic in 
all conditions. 


Applications 


Type 431 is used in highly stressed aircraft components, 
including fasteners, bomb racks, bolting, pump shafts and 
valve stems. 

Types 440A, 440B, and 440C are used for pivot arms, 
dental and surgical equipment, cutlery, valve parts, hospi- 
tal and institutional equipment, household equipment and 
sporting equipment. 


Fabrication 


Machinability 
Type 431 has a tendency in the annealed condition to 


machine with poor finishes. In turning operations, it is 
comparable to SAE 3150 and 6150 with speeds of 40 to 
80 sfpm. 

Types 440A, 440B, and 440C for most machining opera- 
tions, cut best when in the dead-soft annealed condition. 
Due to their high-carbon content, they machine somewhat 
like high-speed steel. Chips are tough and stringy. In turn- 
ing operations, reduced feeds and speeds must be used. 

The following machining speeds, sfpm, indicate relative 
machinability. They are applicable to materials in this group 
when tungsten or molybdenum high-speed tooling is used: 


Automatic Screw Machining.... 80-100 (431) 
60- 80 (440A) (440B) 
(440C) 
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Milling and Drilling sways 
( 
(440C) 


Single-Point Turning 
Roughing 60- 80 (431) 
40- 60 (440A) (440B) 

(440C) 


Finishing “a 80-100 (431) 
60- 80 (440A) (440B) 
(440C) 


Formability 

Type 431 can be readily hot headed and drop forged. 
Forgings should be trimmed hot, or annealed and trimmed 
cold. Large forgings should be allowed to cool slowly in 
dry lime or ashes. In the annealed condition, this grade 
can be blanked, formed, and cold headed without difficulty. 

Types 440A, 440B and 440C can be forged, hot headed 
and upset. Because these steels are strongly air-hardening, 
ali parts should be furnace cooled after hot working to 
prevent cracking. Slow cooling in dry lime or warm ashes 
can be used but is a second choice. In forging, these types 
are handled like high-speed tool steel. If annealed for maxi- 
mum softness, these types can be moderately cold formed, 
headed and upset. 


Weldability 

Type 431 can be satisfactorily welded with weld rods 
of a similar composition or with Type 310 filler rod. Pre- 
heating to 400 to 600 F is desirable to avoid cracking. Be- 
cause of air-hardening tendencies, this grade should also 
be post-annealed at 1200 F as soon as possible after the 
weld has cooled to room temperature. 


Types 440A, 440B and 440C, because of their high harden- 
ability, are seldom welded. However, by preheating parts 
to 300 to 400 F before welding, followed by a 6 to 8 hr 
anneal at 1350 to 1400 F and air-cooling, satisfactory welds 
can be produced. Welding rods similar in composition to 
the parent metal should be used. 


Corrosion Resistance 


Type 431 will resist atmospheric corrosion and the corrosive 
effects of most foodstuffs. It offers the best corrosion resistance 
to marine atmospheres of all the hardenable stainless grades. 
Compared with other martensitic stainless steels, Type 431 
also shows the lowest corrosion rates in weak solutions of 
reducing acids. 

Types 440A, 440B, and 440C: Type 440A is generally used 
in the hardened condition, while Types 440B and 440C are 
always used in the hardened condition. Type 440A has a 
moderate degree of corrosion resistance in the unhardened 
condition which makes it useful for such parts as pivot pins 
where only the points are hardened. 

When used in the hardened condition, and after heat 
treatment, parts must be pickled, ground, or polished to 
remove ail scale. After pickling, parts should be baked at 
250 to 300 F to remove acid brittleness. For best results, sur- 
faces must be entirely free from foreign particles that may 
have been picked up in grinding or polishing. This can be 
accomplished by passivating. Types 440A, 440B and 440C 
are recommended to resist such conditions as fresh water, 
steam, crude oil, gasoline, blood, perspiration, alcohol, steriliz- 
ing solutions, and foodstuffs. 
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SECTION 


Basic 
Ferrous Castings 





ASTINGS may be defined as metal objects formed directly from the 
liquid state by solidification in a suitable shaped mold, as distinct from 


those shaped by a mechanical process. 


Ferrous castings have iron as the 


base material, with other elements added to provide various desirable physical 


and mechanical properties. 


Entries in this section carry a double unit code consisting of letters and 


numerals. 
casting size range available. 


Casting Processes: 


A. Sand 

B. Shell mold 

C. Core mold 

D. Permanent mold 
E. Plaster mold 

F. Expendable pattern 
G. Centrifugal 


Gray lron 


The gray irons are alloys of iron, carbon 


and silicon in which more carbon is 


present than can be retained in solid solu- 
tion and is precipitated in the form of 
flake graphite. Gray irons usually con- 
tain from 1.7 to 4.5 per cent C and | to 


} per cent Si 


Acco Malleable Casting Div., American 
Chain and Cable Co. Inc, 1100 E. 
Princess St., York, Pa. 

A ci, 2) 

Acme Foundry Co., 3161 Hiawatha Ave., 
Minneapolis 6, Minn. 

A, C (5) 

Acme Foundry Co., 
Ave., Superior, Wis 
A (5) 

Acme Foundry Ltd., 8249 Marbrisa Ave., 
Huntingte on Park, Calif 
A, C (i, 2, 3, 4) 

Acme Sonantes & Machine Co. 1502 
Spruce St., Coffeyville, Kans 
A, C (5) 

Acme Foundry & Machine Co., 
Blackwell, Okla 
A (1, 2, 3, 4, 5) 

Acme Foundry & Machine Co., 
Blackwell, Okla. 

A (dl, 3, 4) 


114-130 Cummings 


Box 428, 


The Ae. Foundry Co., 107 Seminary 


Ave., Dayton 3, Ohio 
A (5) 


Box 428, 


The letters indicate the casting process and the numerals indicate 


Casting Size Ranges: 


. Up to 10 lb 
2. 11 to 50 Ib 
3. 51 to 100 Ib 
. 100 to 1000 Ib 
. Over 1000 Ib 


Aeromotor Div. of Nautec Corp., 2500 W. 
Roosevelt Rd., Chicago 8, IIl. 

(1, 2, 3, 4) 

Air Brake Div., Westinghouse Air Brake 
Co., Wilmerding, Pa. 

A, B, C, G (I, 2, 3, 4) 

Ajax Foundry Co., 525 Phelps St., San 
Francisco 24, C alif. 

A (5) 

Ajax Iron Works, 26 W. Washington St., 
Corry, Pa. 

A () 

The Akron Standard Mold Co., Lectromelt 
Casting Div., 240 E. Huston St., Barber- 
ton, Ohio 

Alabama Pipe Co., 5335 Southern Ave., 
South Gate, Calif. 

A, B, C (4) 

Alamont Mfg. Co., 335 E. Third St., Inlay 
City, Mich. 

A, B (I, 2) 

Albany Car Wheel Co. Inc., 185 Broad- 
way, Box 625, Albany, N. Y. 
A, C, D (i, 2, 3, 4, 5) 

Alhambra Foundry Co. Ltd., 
dian Ave., Alhambra, Calif. 
A (1, 2, 3, 4, 5) 

Allen Cooler & Ventilator Inc., 6962 Lowe 
Plank Rd., Richmond, Mich. 

A (1) 

Allis-Chalmers Mfg. Co., 501 N. Third 
St., LaCrosse, Wis. 

A, B (I, 2, 3) 

Alloyed Grairon Castings Corp., 3800 
Adams, Ravenna, Mich. 


(1) 
Allyne-Ryan Foundry Co., The Div. of 
Superior Foundry Inc., E. 9ist St. & 


1147 Meri- 


Aetna Rd., Cleveland, Ohio 
AQ,3,4 

Alten Fou & Machine Works Inc., 
226 W. Wheeling St., Lancaster, Ohio 
A, C (1, 2, 3, 4, 5) 

American Chain & Cable Co. Inc., 929 
Connecticut Ave., Bridgeport, Conn. 
A (1, 2, 5) 

American Foundries Co., 330 Second St., 
Milan, Mich. 
A (i, § *). 

Amherst —_ Inc., 204 Amherst St., 

Buffalo 7, N. Y. 

And - Cy dry Co., 41 Washi 
n in Foun is ington 
St., po ly Maine 
A (1, 2, 3, 4, 5) 

Anstey Foundry Co., Box 205, Stevens- 
ville, oO 
A, C ¢ 

Apex Foundry Inc., 633 Lycaste St., Detroit 
14, Mich. 
A (5) 

Apex Steel Corp. Ltd., P. O. Box 6767 E. 
L. A. Branch, Los Angeles 22, Calif. 
A, C (3, 4, 5) 

The Atlantic Foundry Co., 182 Beaver St., 
Akron 4, Ohio 
A @Q, 3, 4, 5) 

Atlas Foundry Co., Box 111, Marion, Ind. 
A, C (I, 2, 3) 

Atlas Foundry & Machine Co., 3012 S. 
Wilkeson St., Tacoma 1, Wash. 
A, C (S) 

es & Wilcox Co., Barberton, Ohio 
A @) 

Backman Foundry, 515 S. Ninth W., 
Provo, Utah 
A, B, C, D 6) 

Badger Foundry Co., 62 Washington St., 
Winona, Minn. 
A, C (2, 3, 4) 

Barber Iron Works, 300 W. 6lst, Box 
6518, Shreveport 88, La. 
A (dl, 2, 3, ® 

Barclay Foundry Inc., 4239 W. Lincoln 
Ave., Milwaukee, Wis. 

(4) 


Cc 
Bay City Foundry Co., 400 Webster St., 
Bay City, Mich. 
A, C (1, 2, 3, 4, 5) 
Bell Foundry Co., 5310 Southern Ave., 
_—_ Gate, Calif. 


A (2) 
Belle City Malleable Iron Co. & Racine 
— Casting Co., 1442 Forst St., Racine, 


Lh “, 2, 3, 4) 

Beloit Eastern Corp., 240 Washington 
Ave., Downington, Pa. 
A, C (5) 

Beloit Foundry Co., 445 Gardner St., South 
Beloit, Ill. 
A, C, E () 

The Bendix Corp., Lakeshore Div., 
12, St. Joseph, Mich. 
A, B (2) 

Benthall Machine Co. Inc., P. O. Box 513, 
Suffolk, Va. 
A (I, 2, 3, 4) 

Bentonville Casting Co. Inc., P. O. Box 
358, Bentonville, Ark. 
A, B, C (1, 4) 

Berks Foundry & Mfg. Co., West Ham- 
burg, Pa. 
A di, 2, 3, 4) 

Berlin Chapman Co., 242 S. Pearl St., 
Berlin, Wis. 
A, B, C (4) 

Bethlehem Foundry & Machine, 225 Sec- 
ond St., Bethlehem, Pa. 
A G) 

Bethlehem Steel Co., Bethlehem, Pa. 
A, C @Q, 3, 4, 5) 

Betz Foundry Inc., 2029 Bristol Rd., Grand 
Rapids 4, Mich. 
A (5) 


Route 
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Black-Clawson Co. Inc., Paper Machine 
Div., 101 Pearl St., Watertown, N. Y. 
A @) 

The Black Clawson Co., Shartle Div., 
Second & Vine Sts., Hamilton, Ohio 
A, C G) 

The Black-Clawson Co., Keuthan Feundry 
Div., 1700 Grand Ave., Middletown, 
Ohio 
A, C (5) 

Blackhawk Foundry & Machine Co., 323 
S. Clark St., Davenport, lowa 
A, (1, 2, 3) 

Blanchester Foundry Co., 
Ohio 
A (1, 2, 3) 

Blaw Knox Co., Foundry & Mill Machin- 
ery Group, 300 Sixth Ave., Pittsburgh 
22, Pa. 

A @G, 4, 5) 
John Blue Co., P. O. Box 139, Huntsville, 
Ala. 


A, B (1, 2) 
Gogaiusa Iron Works, Claiborne & Madi- 
son, Bogalusa, La. 
A (i, 2, 3, 4, 5) 
Bolivar Foundry & Machine Co., 


Pa. 

A (I, 2, 3, 4, 5) 
Bonair Foundry Co., 

Philadelphia 22, Pa. 

A () 


Blanchester, 


Bolivar, 
1631 N. Fifth St., 


Bonne Terre Foundry Co., 615 Grove St., 
P. O. Box 107, Bonne Terre, Mo. 
A (i, 2, 3, 4, 5) 

Bonnot Co., 722 Mulberry St. S. E., Canton 
2, Ohio 
A, C (5) 

The Bobstick Foundry Co., 244 Court St., 
Lapeer, Mich. 
A @) 

John Bouchard & Sons Co., 1024 Harrison 
St., Nashville 4, Tenn. 
A, C () 

L. Brayton Foundry Co., 54 E. Main River 
Point, West Warwick, R. L 
A, C (5) 

Brillion Iron Works Inc., 200 Park Ave., 
Brillion, Wis. 
A (i, 2, 3, 4) 

The Brom Machine & Foundry Co., 3565 
Sixth St., Winona, Minn. 
A, C G) 

The Buckeye Foundry Co., 2800 Beekman 
St., Cincinnati 25, Ohio 
A, C (1, 2, 3, 4, 5) 

Bucyrus Castings Co., 600 Norton Way, 
Bucyrus, Ohio 
A 6) 


Bullard Co., 286 Canfield Ave., Bridge- 


Byron Jackson Div., Borg-Warner Corp., 
P. O. Box 70, Lawrenceburg, Ind. 
A, C (1, 2, 3, 4, 5) 

Calhoun Foundry Co. Inc., 506 S. Clay 
St., Homer, Mich. 
A (lI, 2, 3, 4) 

Caloric Lang Corp., Special Products 


. Pa. 


Camden Foundry Co., Delaware Ave. & 
Elm St., Camden, N. J. 
A, C (1, 2, 3, 4, 5) 

Campbell Foundry Co., 800 Bergen St., 
Harrison, N. J. 


Campbell Wyant & Cannon Foundry, 
boy 1, Sanford St., Muskegon Heights, 
iViicn, 

A, B, C, G (1, 2, 3, 4, 5) 

Canton Pattern & Foundry Co., 330 
Andrews Place S. W., P. O. Box 15], 
Canton 1, Ohio 
A, C 6) 
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Cums Stoker Corp., 300 Andrew Place 
W., *  aapeanan Ohio 


oA C ¢ 

Co. Inc., 1727 Bennett St., 
“. SF ca 6, Fla. 
A, B, C 

The C. S. Card Iron Works Co., P. O. 
Box 117, Denver 1, Colo. 

A, C G) 

Carondelet Foun Co., 2101 S. Kings- 
highway Blvd., St. Louis 10, Mo. 

C (i, 2, 3, ) 

Cascade Casti 
Yakima, Wash. 
A, B, C (I, 2, 3, 4, 5) 

Cast Metal Mfg. Co., Bath, Pa. 

A, C (1, 2, 3, 

Casting Service Corp., Philadelphia St., 
La Porte, Ind. 

A (1, 2, 3, 4, 5) 

Central Machine Works Co., 1234 Cen- 
tral Ave., Minneapolis 13, Minn. 
A, C (1, 

Centre Foundry & Machine Co., 74 War- 
wood Ave., Wheeling, W. Va. 
A (5) 

Centrifugal Casting Div., The Shenango 
Furnace Co., W. Third St., Dover, Ohio 
G (2, 3, 4, 5) 

Centrifugally Products, Div. of 
Shenango Furnace Co., W. Third St., 
Dover, Ohio 
A, D, G (5) 

Chain Belt Co., 4800 W. Mitchell St., 
Milwaukee 1, Wis. 

A, C (I, 2, 3, 4, 5) 

Chambers Engineering Co., Derby- 
shire St., Chambersburg, Pa. 
A (5) 

Charleston Foundry Co., 
Charleston 21, W. Va. 
A (4) 


Co., P. O. Box 1605, 


1616 Penn Ave., 


Chemung Foundry Corp., 500 Erie St., 
Elmira, N. Y. 

A, C (1, 2, 3, 4, 5) 

Chicago Foundry Co., 2028 N. Major Ave., 
Chicago 39, III. 

A (i, 2, 3) 

The Chicago Hardware Foundry Co., 
2500 Commonwealth Ave., North Chi- 
cago, Ill. 

A, B, C (I, 2, 3, 4, 5) 
= Malleable Castings Co., 
2h Se ., Chicago 43, Ill. 
A ( 


Clearfield Sechine Co., Fourth & Maple, 
rw ine Clearfield, Pa. 


Cleveland Foundry & Mfg. Co. Inc., 685 
Sixth St. N. E., Cleveland, Tenn. 
A (1, 2, 3) 
Cleveland Porcelain Enameling Co., 3190 
E. 65th St., Cleveland 4, Ohio 
A, C (12) 
Climax Foundry Co., 3400 Brighton Blvd., 
Denver 5, Colo. 
A G) 
James B. Clow & Sons inc., Sixth St. 
Coshockton, Ohio 
A, D, G G) 
Columbiana Foundry Co., 
Columbiana, Ohio 
A, C @2, 3, 4, 5) 
Columbiana Pump Co., 
St., Columbiana, Ohio 
A, B, C (1, 2, 3, 4, 5) 
Columbus Iron Works Co., 901 Front Ave., 
Columbus, Ga. 
A (1) 
Combustion Engineering Inc., 722 Chest- 
nut St., Chattanooga, Tenn. 
A, G (4,5) 
Commercial Iron Works, 2424 Porter St., 
yeaa 21, Calif. 


1225 W. 


Lisbon Rd., 


131 E. Railroad 


Compton , 1320 S. Alameda St., 
Compton, Calif. 
A, B, C 6) 

Confer, Smith & Co. Inc., 221 S. Fourth 
St. (Rear), Hamburg, Pa. 
A (I, 2, 3, 4) 

The Connecticut Foundry Co., Meadow 
rv. Rocky Hill, Conn. 
A @) 


Covert Iron Works, 7821 S. Otis Ave., 
Huntington, Calif. 
A (1, 2, 3, 4) 

Cowanesque Valley Iron Works, Cowa- 
nesque, Pa. 
A (Cl, 2, 3, 4 

Crane Foundry Co., P. O. Box 5221, Bir- 
mingham, Ala. 
A (i, 2) 

Crawford & Doherty Foundry Co., 4604 
S. E. 17th Ave., Portland 2, Oreg. 
A, B, C, E G) 

The Creamery Package Mfg. Co., E. Lake 
St., Lake Mills, Wis. 
A, B, C (4) 

The Creamery Package Mfg. Co., E. Lake 
St., Lake Mills, Wis. 
A, B, C (4) 

Crompton & Knowles Corp., 93 Grand St., 
Worcester 1, Mass. 
A, C (I, 2, 3, 4) 

Dallas Foundry Inc., 3103 Elm St., Dallas 
Me: 


, Tex. 
A (I, 2, 3, 4, 5) 

The Dalton Foundries Inc., Lincoln & 
Jefferson Sts., Warsaw, Ind. 

A (4) 

Davenport Machine & Foundry Co., A 
Div. of Middle States Corp., Davenport, 
Iowa 
A G) 

Dayton Foundry, 11803 Industrial St., 
Hollydale, if. 

A, G (i, 2, 3, 4, 5) 

Dean Bros. Pumps Inc., 323 W. Tenth St., 
Indianapolis 7, Ind. 

A, C, F, G (5) 

The Decatur Casting Co., 822 Dayton 
Ave., Decatur, Ind. 

A, C (3) 

The Decatur Casting Co., 
Ave., Hamilton, Ohio 
A (1, 2, 3) 

Decker Machine & Tool Co., P. O. Box 
659, Henryetta, Okla. 

A 6) 

Detroit Gray Iron Steel Foundries Inc., 

282 Iron St., Detroit 7, Mich. 


A, E (1, 2, 3, 4, 5) 
The H. P. Deuscher Co., Seventh & 
Hanover Sts., Hamilton, Ohio 
nie Dh sg 2, 3, 4, 5) 
Bancraft & Ross Co. Ltd., P. O. 
7 "490, 3400 Tulane St., New Orleans 


1, La. 
A, C (1, 2, 3, 4, 5) 

Dixie Foundry & Machine Co., 1414 
Lozano St., Tampa, Fla. 

A, C () 

The Dotson Co., 126 W. Front, Box 270, 
Mankato, Minn. 

A, C (1, 2, 3, 4, 5) 

Dunkirk Radiator Corp., 85 Middle Rd., 
Dunkirk, N. Y. 
A, C (1, 2, 3, 4) 

The Duplex Mfg. 
W. River St., 
A, C (1, 2, 3, 

Dussault F 
St., Lockport 
A, C (5) 

le Iron Works Inc., 129 E. Holcomb 
ve., Des Moines 4, Iowa 
A (5) 

East Akron Castings Co., 240 Southwest 
Ave., Tallmadge, Ohio 
A, C, E (1, 2, 3, 4, 5) 


1551 Lincoln 


& Foundry Co., 398 
lyria, Ohio 
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Black-Clawson Co. Inc., Paper Machine 
iv., 101 Pearl St., Watertown, N. Y. 


( 

The Black Clawson Co., Shartle Div., 
Second & Vine Sts., Hamilton, Ohio 
A, C 6) 

The Black-Clawson Co., Keuthan Foundry 
Div., 1700 Grand Ave., Middletown, 
Ohio 
A, C () 

Blackhawk Foundry & Machine Co., 323 
S. Clark St., Davenport, Iowa 
A, (1, 2, 3) 

Blanchester Foundry Co., 

hio 
A (1, 2, 3) 

Blaw Knox Co., Foundry & Mill Machin- 
ery Group, 300 Sixth Ave., Pittsburgh 
22, Pa. ; 

A@G,45) } 
John Blue Co., P. O. Box 139, Huntsville, 


Blanchester, 


Ala. 
A, B (i, 2 
Gogalusa Iron Works, Claiborne & Madi- 
son, Bogalusa, La. 
A (i, 2, 3, 4, 5) 
Bolivar Foundry & Machine Co., Bolivar, 


Pa. 

A (I, 2, 3, 4, 5) 
Bonair Foundry Co., 

Philadelphia 22, Pa. 

A G) 


1631 N. Fifth St., 


Bonne Terre Foundry Co., 615 Grove St., 
P. O. Box 107, Bonne Terre, Mo. 
A (I, 2, 3, 4, 5) 

Bonnot Co., 722 Mulberry St. S. E., Canton 
2, Ohio 
A, C G6) 

The Bobstick Foundry Co., 244 Court St., 
Lapeer, Mich. 
A (3) 

John Bouchard & Sons Co., 1024 Harrison 
St., Nashville 4, Tenn. 
A, C (S) 

L. Brayton Foundry Co., 54 E. Main River 
Point, West Warwick, R. L. 
A, C (6) 

Brillion Iron Works Inc., 200 Park Ave., 
Brillion, Wis. 
A (i, 2, 3, 4) 

The Brom Machine & Foundry Co., 3565 
Sixth St., Winona, Minn. 
A, C G) 

The Buckeye Foundry Co., 2800 Beekman 
St., Cincinnati 25, Ohio 
A, C (I, 2, 3, 4, 5) 

Bucyrus Castings Co., 600 Norton Way, 
Bucyrus, Ohio 
A G6) 

Bullard Co., 286 Canfield Ave., 

2, Conn, 


Bridge- 


Byron Jackson Div., Borg-Warner Corp., 
P. O. Box 70, Lawrenceburg, Ind. 
A, C (1, 2, 3, 4, 5) 

Calhoun Foundry Co. Inc., 506 S. Clay 
St., Homer, Mich. 

A (I, 2, 3, 4) 

Caloric Appliance Corp., Special Products 
Div., Topton, Pa. 

A (1) 

Camden Foundry Co., Delaware Ave. & 
Elm St., Camden, N. J. 

A, C (1, 2, 3, 4, 5) 

Campbell Foundry Co., 800 Bergen St., 
Harrison, N. J. 

A (5) 

Campbell Wyant & Cannon Foundry, 
Plant 1, Sanford St., Muskegon Heights, 


Mich. 
A, B, C, G (1, 2, 3, 4, 5) 

Canton Pattern & Foundry Co., 330 
Andrews Place S. W., P. O. Box 151, 
Canton 1, Ohio 
A, C 6S) 


1961 Edition 


Canton Stoker Corp., 300 Andrew Place 
S. W., Canton ,1, Ohio 
A, C G) 
cL G& Co. Inc., 1727 Bennett St., 
Box 3 


acksonville 6, Fla. 
A, B, C ¢ 


The C. S. Card Iron Works Co., P. O. 
Box 117, Denver 1, Colo. 

A, C @) 

Carondelet Foun Co., 2101 S. Kings- 
highway Blvd., St. Louis 10, Mo. 
A, C (1, 2, 3, 4, 5) 

Cascade Casting Co., P. O. Box 1605, 
Yakima, Wash. 

A, B, C (1, 2, 3, 4, 5) 

Cast Metal Mfg. Co., Bath, Pa. 
A, C (1, 2, 3, 4) 

Casting Service Corp., Philadelphia St., 
La Porte, Ind. 

A (1, 2, 3, 4, 5) 

Central Machine Works Co., 1234 Cen- 
tral Ave., Minneapolis 13, Minn. 
A, C (1, 2, 3, 4) 

Centre Foundry & Machine Co., 74 War- 
wood Ave., Wheeling, W. Va. 
A (5) 

Centrifugal Casting Div., The Shenango 
Furnace Co., W. Third "St.. Dover, Ohio 
G (2, 3, 4, 5) 

Centrifugally Cast Products, Div. of 
Shenango Furnace Co., W. Third St., 
Dover, Ohio 
A, D, G @) 

Chain Belt Co., 4800 W. Mitchell St., 
Milwaukee 1, Wis. 

A, C (1, 2, 3, 4, 5) 

Chambers Engineering Co., Derby- 
shire St., Chambersburg, Pa. 
A 6) 

Charleston we = 
Charleston 21, 

A (4) 

Chemung Foundry Corp., 500 Erie St., 
Elmira, N. Y. 

A, C (1, 2, 3, 4, 5) 

Chicago Foundry Co., 2028 N. Major Ave., 
Chicago 39, Ill. 

A (I, 2, 3) 

The Chicago Hardware Foundry Co., 
2500 Commonwealth Ave., North Chi- 
cago, Ill. 

A, B, C (lI, 2, 3, 4, 5) 

Chicago Malleable Castings Co., 
120th St., Chicago 43, Ill. 

A (I, 2, 3) 

Clearfield Machine Co., Fourth & Maple, 
Box 249, Clearfield, Pa. 

A 6) 

Cleveland Foundry & Mfg. Co. Inc., 685 
Sixth St. N. E., Cleveland, Tenn. 

A (1, 2, 3) 

Cleveland Porcelain Enameling Co., 3190 
E. 65th St., Cleveland 4, Ohio 
A, C (12) 

Climax Foundry Co., 3400 Brighton Blvd., 
Denver 5, Colo. 

A 6) 

James B. Clow & Sons Inc., Sixth St., 
Coshockton, Ohio 
A, D, G () 

Columbiana Foundry Co., Lisbon Rd., 
Columbiana, Ohio 
A, C (2, 3, 4, 5) 

Columbiana Pump Co., 
St., Columbiana, Ohio 
A, B, C (1, 2, 3, 4, 5) 

Columbus Iron Works Co., 901 Front Ave., 
Columbus, Ga. 

A (1) 

Combustion Engineering Inc., 722 Chest- 
nut St., Chattanooga, Tenn. 
A, G (4, 5) 

Commercial Iron Works, 2424 Porter St., 
“oe 21, Calif. 


1616 Penn Ave., 


1225 W. 


131 E. Railroad 


Compton ef 1320 S. Alameda St., 
Compton, Calif. 


A, B, C G) 
Confer, Smith & Co. Inc., 221 S. Fourth 
St. (Rear), Hamburg, Pa. 
A (1, 2, 3, 4) 
Connecticut Foundry Co., Meadow 
Rd., Rocky Hill, Conn. 
A @) 


Covert Iron Works, 7821 S. Otis Ave., 
Huntington, Calif. 
A (1, 2, 3, 4) 

Cowanesque Valley Iron Works, Cowa- 
nesque, Pa. 
A (1, 2, 3, 4) 

Crane Foundry Co., P. O. Box 5221, Bir- 
mingham, Ala. 
A (l, 2) 

Crawford & Doherty Foundry Co., 4604 
S. E. 17th Ave., Portland 2, Oreg. 
A, B, C, E () 

The Creamery Package Mfg. Co., E. Lake 
St., Lake Mills, Wis. 

, C (4) 

The Creamery Package Mfg. Co., E. Lake 
St., Lake Mills, Wis. 
A, B, C (4) 

Crompton & Knowles Corp., 93 Grand St., 
Worcester 1, Mass. 
A, C (1, 2, 3, 4) 

Dallas Foundry Inc., 3103 Elm St., Dallas 


1, Tex. 
A (1, 2, 3, 4, 5) 

The Dalton Foundries Inc., Lincoln & 
Jefferson Sts., Warsaw, Ind. 

A (4) 

Davenport Machine & Foundry Co., A 
Div. of Middle States Corp., Davenport, 
Iowa 
A 6) 

Dayton Foundry, 
Hollydale, Calif. 
A, G (1, 2, 3, 4, 5) 

Dean Bros. Pumps Inc., 323 W. Tenth St., 
Indianapolis 7, Ind. 

A, C, F, G () 

The Decatur Casting Co., 822 Dayton 
Ave., Decatur, Ind. 

A, C (3) 

The Decatur Casting Co., 
Ave., Hamilton, Ohio 
A (1, 2, 3) 

Decker Machine & Tool Co., P. O. Box 
659, Henryetta, Okla. 

A 6) 


11803 Industrial St., 


1551 Lincoln 


Detroit Gray Iron Steel Foundries Inc., 
282 Iron St., Detroit 7, Mich. 
A, E (1, = 3, 4, 5) 

The H. P. Deuscher Co., Seventh & 
Hanover Sts., Hamilton, Ohio 
A (1, 2, 3, 4, 5) 

Dibert, Bancraft & Ross Co. Ltd., P. O. 
Box 490, 3400 Tulane St., New Orleans 


1, La. 
A, C (1, 2, 3, 4, 5) 

Dixie Foundry & Machine Co., 1/414 
Lozano St., Tampa, Fla. 

A, C (5) 

The Dotson Co., 126 W. Front, Box 270, 
Mankato, Minn. 

A, C (1, 2, 3, 4, 5) 

Dunkirk Radiator Corp., 85 Middle Rd., 
Dunkirk, N. Y. 

A, C (1, 2, 3, 4) 
be Duplex Mfg. & Foundry Co., 398 
River o% Eiyga. Oh Ohio 
hs €c al, 

Dussault te a 
St., Lockport, N. Y. 
A, C (S) 

Eagle Iron Works Inc., 129 E. Holcomb 
Ave., Des Moines 4, Iowa 
A () 

East Akron Castings Co., 
Ave., Tallmadge, Ohio 
A, C, E (1, 2, 3, 4, 5) 
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Benjamin Eastwood Co., 300 Straight St., 
Paterson, N. J. 

A 6) 

Eaton Mfg. Co., Foundry Div., 700 E. 
Huron Ave., Vassar, Mich. 

B, D (i, 2 

Electric Casting Co. Inc., 777 N. Georgia 
St., Azusa, Calif. 

A, B, C (I, 2, 3, 4) 

The Electron Corp., 651 Rio Grande Ave., 
Littleton, Colo. 

A, C, F dl, 2, 3, 4 5) 

Elk Engineering Works Inc., 220 Tanne- 
ray St., St. Marys, Pa. 
A (i, 2, 3, 4) 

Elkhart Foundry & Machine Co., 22320 
S. Elkhart Ave., Elkhart, Ind. 

A, C (5) 

Elyria Foundry Div. of Chromalloy Corp., 
Filbert St., Elyria, Ohio 
A G, 4, 5) 

Emmaus Foundry & Machine Co. Inc., 
Fourth & Furnace Sts., Emmaus, Pa. 

A, B, C (i, 5) 

Empire Pattern & Foundry, P. O. Box 
1647, Tulsa, Okla. 

A 6) 

Engineered Alloy Foundry Co., 703 Ban 
craft Way, Berkeley, Calif. 
A 6) 

Engineered Castings Div., American Brake 
Shoe Co., 10 Mount Read Blvd., Roches 
ter Il, N. Y 
A, B, C, E (1, 2, 3, 4, 5) 

Engineered Castings Inc., R. R. 4, Long 
view, Tex 
A, C (i, 4) 

Engineering Castings Inc., 405 S. Linden 
St., Marshall, Mich. 

A, B, C (i, 2, 3, 4, 5) 

Enterprise Brass & fron Foundry, South 
Ave., Box 289, Lewiston, Maine 
A, C (i, 2, 3, 4 5) 

Enterprise Foundry Corp., 609 N. Olive 
St., Kansas City, Mo. 

A, C (I, 2, 3, 4, 5) 

Enterprise Foundry Inc., 1123 E B St., 
Belleville, Ill 
A (1, 2, 3) 


Enterprise Foundry Inc., P. O. Box 5036, 


Oklahoma City 7, Okla. 
A, C (G) 


Ephrata Mfg. Co., 104 Pine St., Ephrata, 


Pa 


a. 
A (1, 2, 3, 4) 


The Chris Erhart Foundry & Machine Co., 


1237 W. Sixth St., Cincinnati 3, Ohio 
A (6) 


~~ Castings Co., 1534 German St., Erie. 


a. 
A, C (3) 

Erie City Iron Works, 1422 East Ave. 
Erie, Pa 


A (5) 


Fairbanks, Morse & Co., Electrical Div.. 


Freeport, Ill 


A, B (1, 2, 3, 4) 


Fairbanks, Morse & Co., 3601 Kansas Ave.. 


Kansas City, Kans 
A, C (1, 2, 3, 4, 5) 

Fairmont Railway Motor Inc. 415 N 
Main St., Fairmont, Minn. 
A, C (1, 2) 

Fairmount Foundry Co., 25 Second Ave.. 
Woonsocket, R. L 
A 6) 


L. F. Fales Machine Co., 1043 East St.. 


Walpole, Mass. 
A @) 


Farrel-Birmingham Co. Inc., 25 Main St., 


Ansonia, Conn. 


A 6) 


Fate-Root-Heath Co. 607 Bell St., 


Plymouth, Ohio 
A, C (1, 2, 3, 4, 5) 


100 


Fearon Foundry Co., 1420 W. Kinzie St., 
Chicago 22, Ill. 

A (G) 

Florin Foundry & Mfg. Co., Railroad St., 
Florin, Pa. 

A (I, 2, 3) 

The Forest City Foundries Co., 2500 W. 
27th St., Cleveland, Ohio 
A, B, C, D (1, 2, 3, 4) 

Forest City Foundries Co., Plant B, W. 
94th & Maywood, Cleveland, Ohio 
A, B, C, D (1, 2, 3, 4) 

Foundry Products Group, Leslie Co., Lynd- 
hurst, N. J. 

A, C (5) 

Foundry Service Inc., Biscoe, N. C. 
A G) 

Frank Foundries Co., 2020 Third Ave., 
Moline, Ill. 

A, B, C (I, 2, 3, 4, 5) 

The Frantz Mfg. Co.. 1200 Camden Ave. 
S. W., Canton 6, Ohio 
A, D (1) 

Fremont Casting Co., 105 Fremont St., 
Worcester, Mass. 

A, C (1, 2, 3, 4, 5) 

Fremont Foundry & Machine Co., 225 N. 
H St., Fremont, Nebr. 

A Q2, 3, 4,5) 

Gainesville Foundry Inc., 2301 N. Weaver, 
Gainesville, Tex. 

A (I, 2, 3, 4, 5) 

Galva Foundry Co., 102 S. W. Sixth Ave., 
Galva, Il. 

A dl, 2, 3) 

General Metals Co., 5701 S. Boyle Ave., 
Los Angeles 58, Calif. 

A 6) 

General Metals Corp., P. O. Box 2496, 
Terminal Annex, Los Angeles 54, Calif. 
A 6) 

General Motors Corp., Central Foundry 
Div., 37 Florence St., Saginaw, Mich, 

A (i, 2, 3, 4) 

General Power Inc., 512 Virginia Ave., 
Quapaw, Okla. 

A, C (4) 

General Railway Signal Co., 801 West 
Ave., P. O. Box 600, Rochester 2, N. Y. 
A (1, 2, 3, 4) 

Giddings & Lewis Machine Tool Co., 1000 
Lincoln Ave., Kaukauna, Wis. 

A 6) 

J. E. Gilson Co., 369 W. Western Ave., 
Port Washington, Wis. 

A, C (I, 2, 3) 

Gillett-Eaton Plant, Engine Parts Div., 
Gould-National Batteries Inc. Lake 
City, Minn. 

A, C (4) 

Gisholt Machine Co., 1245 E. Washington, 
Madison 10, Wis. 

A, C (I, 2, 3, 4, 5) 

Globe Duluth Iron Works, Inc., 219 S. 
93th St. W., Duluth 7, Minn. 
A, C 6) 

Golden Foundry Co. Inc., 1616 Tenth St., 
Columbus, Ind. 

A, C (i, 2, 3, 4, 5) 

Goldens’ Foundry & Machine Co., 600 12th 
St., Columbus, Ga. 

A (i, 2, 3, 4, 5) 

Gorsuch Foundry Co. Inc., 120 E. Market 
St., Jeffersonville, Ind. 

A, C () 

Goslin Birmingham Mfg. Co. Inc., 3521 
Tenth N., Box 631, Birmingham |, Ala. 
A (6) 

Gowanda Furnace Inc., 
Gowanda, N. Y. 

A (4) 

Gra Iron Foundry Corp., 501 E. 12th Ave., 

Marshalltown, Iowa 


A (5) 


Palmer St., 


Grand Rapids Foundry, 538 Bond Ave. 
N. W., Grand Rapids 2, Mich. 

A, C G) 
(See Ad, Page 118) 

Graniteville Foundry Co., Bridge St. 
Graniteville, Mass. 

A, C 6) 

Grant Bros. Foundry Co., 2931 Beaufait 
Ave., Detroit 7, Mich. 

A (i, 2, 3, 4, 5) 

Grede Foundries Inc., Liberty Div., 6432 
W. State St., Milwaukee, Wis. 

A, B, C (1, 2, 3, 4, 5) 

Greenlee Bros. & Co., 2136 12th St., Rock- 
ford, Til. 

A, C (Cl, 2, 3, 4, 5) 

Greenlee Foundry Co., Div. of Greenlee 
Foundries Inc., 4600 W. 14th St., Chi- 
cago 50, Ill. 

A (I, 2, 3, 4, 5) 

Griffin Foundry & Mfg. Co., Decatur St., 
Rome, Ga. 

A (1, 2, 3, 4, 5) 

Griffin Wheel Co., 445 N. Sacramento 
Blvd., Chicago 12, Ill. 

A, C, D, G (5) 

Griffin Wheel Co., 7155 Kaw Drive, Box 
4, Muncie, Kans. 

A, D. G (4, 5) 

Guilford Foundry Co., 508 Fulton St. 
Greensboro, N. C. 

A 6) 

Gulf Machinery Co., P. O. Box 187, Clear- 
water, Fla. 

A, C (1, 2, 3, 4) 

Gunite Foundries Div., Kelsey-Hayes Co., 
302 Peoples Ave., Rockford, Ill. 

A (I, 2, 3, 4) 

Frank Hamachek Machine Co., 97 Ellis 
St., Kewaunee, Wis. 

A (i, 2, 3, 4) 

Hamburg Plow Works Inc., 1021 S. Fourth 
St., Hamburg, Pa. 

A (I, 2, 3) 

Hamilton Foundry Inc., 1551 Lincoln Ave., 
Hamilton, Ohio 
A, C (5) 

(See Ad, Page 115) 

Hansell-Eleock Co., 485 W. 23rd Place, 
Chicago 16, Ill. 

A, C (2, 3, 4, 5) 

Hardinge Mfg. Co., 240 Arch St., York, Pa 
A, C () 

Hartley Boiler Works, Box 868, Mont- 
gomery 5, Ala. 

A @) 

Headford Bros. & Hitchins Foundry Co., 
1502 Westfield Ave., Waterloo, Iowa 
A, C (1, 2, 3, 4, 5) 

Helmick Foundry—Machine Co., P. O. Box 
71, Fairmont, W. Va. 

A, C 6) 

Hempfield Foundries Co., 1075 S. Main 
St., Greensburg, Pa. 

A 6) 

Hertzler & Zook Products, 36 Maple St., 
Belleville, Pa. 

A (1, 2, 3) 

john Hewitt Foundry Co. Inc., 15-29 
Sherman Ave., East Newark, N. J. 

A ©) 

Hewitt-Robins Inc., Jones Machinery Div., 
4401 Roosevelt Rd., Chicago 24, Iil. 

A, C (5) 

H & H Foundry-Machine Co., P. O. Box 
715, Manor, Pa. 

A, C (1, 2, 3, 4, 5) 

Hillsdale Iron & Aluminum Co., Hills- 
dale, N. Y. 

A 6) 

Hillsdale Foundry Co. Inc., Lewis St., 
Hillsdale, Mich. 

A (1, 2, 3, 4, 5) 

W. S. Hodge Foundry Inc., Mapleton Rd., 
P. O. Box 151, Greenville, Pa. 

A (I, 2, 3, 4,5 


Macnuine Desicn—Tue Ferrous Metats Boox 





J. R. Hoe & Sons Inc., N. 19th & Fleet- 
wood Rd., Middlesboro, Ky. 
A (1, 2, 3, 4, 5) 

Hoosier Foundry Co. Inc., 1551 Church- 
man Ave., Indianapolis 2, Ind. 
A (4) 

The Howe Scale Co. Inc., Strongs Ave., 
Rutland, Vt. 
A (I, 2, 3, 4, 5) 

Hyde Park Foundry & = “ae Hyde 
Pork, Westmoreland Co., 


(5) 

Indiana Foundry Corp., Corner Tenth & 
Liberty Muncie, Ind. 

A (1, 2, 3, 4, 5) 

Industrial Wd of Myerstown, P. O. 
Box 60, Columbia, Pa. 

A (i, 3) 

Infilco Inc., Joliet Foundry Div., 315 Mc- 
Donougk St., Joliet, Ill 
A, C (1, 2, 3, 4, 5) 

International Harvester Co., Louisville 
Works, Crittenden Drive, P. O. Box 179, 
Louisville, Ky. 

A (1, 2, 3, 4) 

International Seal & Lock Co., 435 E. 

Mill St., Hastings, Mich. 

A (@) 
Inter-State Foundry Co. Inc., P. O. Box 
Indian- 


73, 3851 Massachusetts Ave., 
apolis 6, Ind. 
A (i, 4) 

Intertype Co., Foundry Dept., 
Poughkeepsie, N. Y. 
A G) 


Fulton St., 


Iowa Machine Works & Foundry, 106 
Eighth Ave. S., Clinton, Iowa 
A (1, 2, 3, 4, 5) 

Iowa Valve Co., Fighth Ave. E. & S. 
Third St., Oskaloosa, lowa 
A (5) 

Irwin-Sensenich Corp., Box 311, Irwin, Pa. 
A (i, 2, 3, 4) 

The Jeffrey Mfg. Co. 907 Fourth St. 
Columbus 16, Ohio 
.CcCad23459 

Kaiser Steel Corp., 300 Lakeside Drive, 
Oakland 12, Calif. 
A (i, 2, 3, 4, 5) 

Kansas City Hay Press Co., 801 Wood- 
swether Rd., Kansas City 6, Mo. 
A 6) 

Kauffman Mfg. & Supply Co., 709 Penn- 
sylvania Ave., Hagerstown, Md. 
A, C 6G) 

The O. S. Kelly Co., 315 N. Limestone 
ry sprinefiel , Ohio 


— ‘abe 304 Diston St., Pontiac 19, 

ic 
A, C (I, 2, 3, 4, 5) 

Kent Foundry Co., 617 Butterworth St. 
N. W., Grand Rapids 4, Mich. 
A (4) 

Keystone Foundry & Machine Co., Ninth 
Aa & Reading Rwy., Lebanon, Pa. 

» 2) 

Keystone Grey Iron Foundry Co., Keim & 
Cross Sts., Pottstown, Pa. 
A (3) 

Kimball Bros. Co., 1021 S. Ninth, Box 329, 
Council Bluffs, Iowa 
A (i, 2, 3, 4, 5) 

King Stove & Range Co., Sheffield, Ala. 
A (1, 2, 3, 4) 

Kingsport Foundry & Mfg. Corp., P. O. 
Box 709, Kingsport, Tenn. 
A 6) 

Kirsh Foundry Inc., 125 Rowell St., Bea- 
ver Dam, Wis. 
A (1, 5) 

Kittanning Foundry & Machine Co., M.R. 
10 Butler Rd., Kittanning, Pa. 
A, C 

Klaene Foundry Co. Inc., 1545 Russell 
St., Covington, Ky. 
A (I, 2, 3, 4, 5) 


1961 Edition 


Kline Hardware Co., 750 Mill St., Ailen- 
town, Pa. 
A (I, 2, 3) 

Knight Terre Haute Foundry Inc., 1430 
Ash St., Terre Haute, Ind. 

A, C (4) 

The Kramer Bros. Foundry Co., 
St., Dayton 4, Ohio 
A (I, 2, 3, 4) 

Kramer Machine & eee me 
320 S. Second St., Leavenwo 
A, B, C (4) 

Krupp Mfg. Co. Fourth & Mill Sts. 
Quakertown, Pa. 

A (1, 2, 3) 

Kulp Foundry Inc., P. O. Box 179, East 
Stroudsburg, Pa. 

A (1, 2, 3, 4, 5) 

Kutztown Foundry & Machine Corp., 
Kutztown, Pa. 

A (4, 5) 
Lake Erie Foundry Inc., Girard, Pa. 
2 


17 Dell 


A (2) 

Lakeside Malleable Castings Co., 1333 
23rd St., Racine, Wis. 
A, B (1, 2, 3, 4) 

Landis Tool Co., E. Sixth St., 
boro, Pa. 

A (Cl, 2, 3, 4, 5) 

The LaPorte Foundry Co. Inc., 301 Trues- 
dell Ave., LaPorte, Ind. 
A, C (6) 

The W. O. Larson Foundry Co. 799 
Barchard St., Grafton, Ohio 
A, C, E G) 

Latrobe Foundry Machine & Supply Co., 
P. O. Box 431, Latrobe, Pa. 

A, C (1, 2,3, 4,5 

Lavelle Gray Iron Foundry Corp., 1 
E. 23rd St., Anderson, Ind. 

A, B, C (i, 2) 

Laytham 7 Inc., 899 Market St., 
Paterson 3, 

A (, 4) 

Leake Foundry & Machine Co., 116 E 
Douglas Ave., Jacksonville, Ill. 

A (1, 2, 3, 4 

E. L. LeBaron Foundry Co., 14 E. Union 
St., Brockton 64, Mass. 

A (1, 2, 3, 4) 
Letukas Foundry Inc., Upland, Ind. 
» C (1, 2, 3, 4) 

Lewistown Foundry & Machine Co., 16 
W. Elizabeth St., Lewistown, Pa. 

A (1, 2, 3, 4, 5) 

Lincoln Foundry Corp., 2525 E. 49th St., 
Los Angeles 58, Calif. 

A, B, C G) 

Lincoln Iron Works, 255 West St., Rut- 
land, Vt. 
A, C G) 

Lindgren Foundry Co., 
Batavia, IIl. 

A, C (5) 

Lineberry Foundry & Machine Co., 
Drawer ww North Wilkesboro, N. C. 
A (l, 2, 3, 4 

Link-Belt Co., t. 61-MDFM, 300 W. 
Pershing Rd., ‘Chicago 9, Ill. 

A, B, C (1, 2, 3, 4, 5) 

Link-Belt Co., Dept. 
W. Hunting Park Ave., 
40, Pa. 

A 6) 

Link-Belt Co., 180 W. Duncannon Ave., 
Philadelphia 20, Pa. 

Link-Belt Co., Olney Foundry, 2045 W. 
ane Park Ave., Philadelphia 40, Pa. 
A () 


Waynes- 


717 Main St., 


61-MDFM, 2045 
Philadelphia 


The Littlestown Hardware & Foundry Co. 
ae Charles St., Box 67, Littlestown, 


a. 
A (I, 2) 

Lodi Iron Works Inc., 820 S. Sacramento 
St., Lodi, Calif. 
A, B, C (5) 


Lone Star Steel Co., Box 174, Dainger- 
field, Tex. 
D, G @, 5) 

Long Beach Iron Works, 2100 W. Ana- 
heim St., Long Beach 13, Calif. 
A G) 

Lowell Foundry Inc., Saunders & Payne 
Sts., Lowell, Mass. 

A (1, 2, 3, 4, 5) 

Lufkin Foundry & Machine Co., P. O. 
Box 58, Lufkin, Tex. 

Main & May Foundry Co, 454 W. 

Lundin a 
Fifth N., Box 396, Salt ae City 10, 
Utah 
A () 

Lynchburg Foundry Co., Courtland Bldg., 
Lynchburg, Va. 

A, B, C (1, 2, 3, 4, 5) 

Lynn Foundry Inc., 567 Lynway, Lynn, 
Mass. 

A 6) 

H. C. Macaulay Foundry Co., 811 Carlton 
St., Berkeley 10, Calif. 

A, C (i, 2, 3, 4, 5) ’ 

Maclear Mfg. & Supply Co., 341 Navajo 
St., Denver 23, Colo. 

A, C G) 

The Madison Foundry Co., 935 Addison 
Rd., Cleveland 3, Ohio 
A, C G) , 

Malleable Iron Range Co., 715 N. Spring 
St., Beaver Dam, Wis. 

A (1) 

Manufacturers Iron Foundry Inc., 785 
Union cy Bridgeport 7, Conn. 

A (I, 2, 3, , 4) 

Marienville ’ Foundry Co., S. Forest St., 
Marienville, Pa. 

A, C (4) Pe. 

The Marion Casting Co. Inc., 216 Dix 
Ave., Marion, Ohio 
A a, 2 2, 3, 4, 5) 

Marshall Car Wheel & ery. Sr 605 
Greenwood Ave., Marshall, 

A, B, C,G (i, 2, 3, 4, 5) 

Martin Foundries, Foot of Toronto St., 
Detroit 17, Mich. 

A, C 6) 

Mattison Machine Works, 545 Blackhark 
Ave., Rockford, II. 

A, Cc (5) 

M B M Foundry Inc., 4730-50 Warner 
Rd., Box 4468, Garfield Heights 25, 
Ohio 
A (I, 2, 3, 4, 5) 

McColloughs Foundry Inc., Seneca & 
Stockdale, Webster City, Iowa 
A (I, 2, 3, 5 
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A (4) 

McMinnville Castings Co., McMinnville, 
Tenn. 
A, C G) 

McWane Cast Iron on sgg ao Van- 
derbilt Rd. Birmingham, 


Mechanical Foundries Div., 4545 Pacific, 
Vernon, Calif. 
A, B, C (1, 2, 3, 4, 5) 

Meech Foundry Inc., 9906 Meech Ave., 
Cleveland 5, Ohio 


A 6) 
Meehanite Metal Corp., 714 North Ave., 
New Rochelle, N. Y. 
A, B, C, D, E, F, G (1, 2, 3, 4, 5) 
(See Ad, Page 112) 


Mercer Foundry Co., Mercer at Conover, 
Dayton, Ohio 
A (I, 2, 3) 

Metropolitan Iron Foundry, = Metro- 
politan wy Brooklyn, N. Y. 
A (1, 2, 3, 4, 5) 

Mid-City Foundry Co., 1521 W. Bruce St., 
Milwaukee 4, Wis. 
A, B, C (1, 2, 3, 4, 5) 


. Centre St., Cumberland, 





Mid-City Foundry Corp., 945 W. 49th 
Place, Chicago 9, Ill. 

A, C (I, 2, 3, 4, 5) 

Midland fron Works, 35 W. Chippewa 
River, Midland, ww 
AC ,23,45 

Midstate Foundry Co. 
Charleston, Ill. 

A @) 

Midwest Foundry Co., Div. of L. A 
Darling, Box 127, Coldwater, Mich. 
A, B, C (1) 

Midwestern Foundries Inc., 614 E. Quincy 
St., Garrett, Ind. 

A Cl, 2) 

Milwaukee Malleable & Grey Iron Works, 
2773 S. 29th St.. Milwaukee 46, Wis. 
A @) 

The Minster Machine Co., Minster, Ohio 
A (4, 5) 

M & M Gray Iron Foundry, 640 Maxon 
ry Waupun, Wis. 


, 6) 
Tenth & Olive Sts., 


A @) 

Moline Malleable Iron Co., 
St. Charles, Ill. 

A, B C1, 2, 3) 

Monarch Foundry Co., E. Main St., Plano, 
Il. 

A, C (4, 5) 

Montague Machine Co., 
Falls, Mass. 

A 6) 

Mooresville Iron Works Inc., 480 N. Main 
St., Mooresville, N. C. 

A 6) 

Morel Foundry Corp., 533 W. Spokane 
St.. Seattle, Wash. 

A, B, C (i, 2, 3, 4 5) 
Mork Foundries Inc, 132 
Blvd., South Beloit, Ill. 

A, C G) 

Motor Castings Co., 1323 S. 65th St., West 
Allis 14, Wis. 

A, B, C (2, 3, 4, 5) 

Motor Machinery Castings Co., 7742 W. 
Davison Ave., Detroit 38, Mich. 

A 6) 

D. J. Murray Mfg. Co., 
Wausau, Wis. 

A, C (5) 

Muskegon Piston Ring Co., Sparta Found- 
ry Div., Sparta, Mich. 
A (dl) 

Mutual Foundry Co. P. O. 
Franklin, Pa. 

Cc 6) 

The F. E, Myers & Bros, Co., 400 Orange 
St., Ashland, Ohio 
A () 

National Foundry Co., 1300 N. E. Water 
St., Minneapolis 13, Minn. 

A, C (1, 2, 3, 4, 5) 

National Foundry & Furnace Co., 1144 
Bolander Ave., Dayton 7, Ohio 
A (4) 

National Grey Iron Foundry, Div. Moline 
Malleable Iron Co., Belevidere, III. 

A (i, 2) 

National Malleable & Steel Casting, 546 
N. Holmes Ave., Indianapolis 22, Ind. 
A (Cl, 2, 3, 4, 5) 

National Malleable & Steel woe 1400 
S. Laramie Ave., Cicero 50, Ill. 

A (I, 2, 3, 4, 5) 

National Steel & Shipbuilding Co., Har- 

bor Drive & 28th, Son Diego 12, Calif. 
C 6) 

Nekoosa Foundry & Machine Works Inc., 
Nekoosa, Wis. 

A (5) 

Nemco Foundry Div., Nelson Electric 
Mfg. Co., P. O. Box 5385, Tulsa, Okla. 
A (1, 2, 3, 4, 5) 

New Castle Foundry Co., Mahoning & 
Hobart Sts., New Castle, Pa. 


A (5) 


Dean Rd., 


15th St., Turners 


Blackhawk 


1002-24 Third St., 


Box 448, 
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New Iron Foundry Co., 36115 Goddard 
Rd., Romulus, Mich. 
A, C () 

New York Air Brake Co., ae St. & 
Starbuck, Watertown, N. Y. 
A (i, 2, 3, 4) 

Newbury Mfg. Co., 209 17th St, Talla- 
dega, Ala. 


Dock 
ewport 


A @) 

Newport News Shipbuilding & 
Co., 4101 Washington Ave., 
So Va. 


New Bi med Co., 
Dekalb, Ill. 
A, C (1, 2, 3, 4) 
Newton Foundry, N. Fourth Ave. W., 
Newton, lowa 
A dl, 2, 3) 
Niagara Foundry Co., 835 Ashland Ave., 
Niagara Falls, N. Y. 


mF. %. Mig. Co., 3073 S. Chase Ave., 
Milwaukee 7, Wis. 
A, C (2, 3, 4, 5) 

North Shore Foundry Co., llth & Green- 
field Ave. +r wll i. 
A (4) 

Northwest Foundry & Furnace, 2345 S. E. 
eee St., Portland 2, Oreg. 


Norton Foundry Co., 3580 Norton Rd., 
Cleveland 11, Ohio 
A (1, 2, 3, 4, 5) 
< Hill Foundry & Machine Works 
Inc., 333 S. Front St., Oak Hill, Ohio 


A ©) 

Oneida Foundries Inc. 559 Fitch St., 
Oneida, N. Y. 
A, C, E (5) 

Ontario Foundry Co., 


Phelps, N. Y. 
AG) 


The Opelika Foundry Co. Inc., P. O. Box 
326, Opelika, Ala. 
A, B, C, D (3) 

Orange Foundry 
Orange, Mass. 

A (i, 2) 
Overmeyer Mould Co. Inc., 
Ave., Winchester, Ind. 

A, C (1, 2, 3) 

Overton Foundry, 9850 Adella Ave., South 
Gate, Calif. 

A, B, C, E (4) 

Pacific Southern Foundries Inc., c/o Pacific 
Valves Inc., 3201 Walnut Ave., Long 
Beach 7, Calif. 
A, B, C, D () 

Papec Machine Co., 10 Main St., 
ville, N. Y. 

A, C, E (i, 2, 3, 4, 5) 

M. B. Parker Co., 1449 Thomas, Box 4823, 
Memphis, Tenn. 

A, C (1, 2, 3, 4) 

The Parker-Street Castings Co., Broadway 
& Chaincraft Rd., Garfield Heights 25, 
Ohio 
A, B, C (1, 2, 3) 

Patch Wegner Co. Inc., 56 Howe St., 
Rutland, Vt. 

A, C (1, 2, 3, 4, 5) 

Pekin Foundry & Mfg. Co., 227 
St., Pekin, Ill. 

A, C (1, 2, 3, 4, 5) 

Penn Bros. Foundry, Depot & Wurtz Sts., 
Scranton 9, Pa. 

A (1, 2, 3) 

Penn-Mar Foundries Inc., 500 Broadway, 
Hanover, Pa. 

A (I, 2, 3, 4, 5) 

Peoria Malleable Castings Co., Ft. of 
Alexander, Peoria, Ill. 

A (1, 2, 3) 

Perfect Circle Corp., 636 W. Third St., 
Rushville, Ind. 

(1) 


115 E. Locust St., 


S. Wayne St., 


Inc. W. River St. 


108 Railroad 


Shorts- 


Sabella 


a Perkins Co., Broad St., Bridgewater, 


A Cc (5) 
Perseverance [ron Foundry Inc., 822 Latona 
St., Philadelphia 47, Pa. 
A, C (I, 2, 3, 4) : ! 
—_ Foundry Inc., Newside, Slatington, 


. a, 2, 3) 
Philco Corp., 
field, lowa 
A (i, 2) 
Phillips & Buttorff Corp., P. O. Box 1129, 
Nashville 2, Tenn. 
A, B, C (3) 
= Foundry & Pattern Shop, 51 State St., 
Paul 1, Minn. 
x C (i, 2, 3, 4, 5) 
The Pioneer Ci * eae Co., Maple St. 
Ext., Belpre, Ohi 
A, Cc (1, 2, 3, 4, 5) 
Foundry, 7419 Ave. O, Houston 
ll, Tex. 
A. B (5) 
Pioneer Foundry Co. 
Jackson, Mich. 
A (1, 2, 3, 4, 5) 
Piper Foundry, 301 Connelly St., Paris, Ill. 
A (4) 
Pitts h Metallurgical Co., 3801 High- 
ve., Niagara Falls, N. Y. 
A, C (1, 2, 3, 4, 5) 
P K & A Foundry Inc., Platt Road, Route 
— Mich. 


The Plainville Casting Co., S. Canal St., 
Plainville, Conn. 
A, B (1, 2, 3, 4) 

Pohlman Foundry Co. Inc., 205 Baitz Ave., 
Buffalo 6, N. Y. 
A, C (1, 2, 3, 4, 5) 

Pope Foundry & Machine Co. Inc., 3231 
e° Adams St., Marion, Ind. 
A (1, 2, 3) 

Posey Iron Works Inc., 560 S. Prince St., 
Lancaster, Pa. 
A (2, 3, 4, 5) 

C. & G. Potts Co., 816 Washington Ave., 
Indianapolis, Ind. 
A, C (i, 2, 3, 4, 5) 

— Metal Products Corp., Swanton, 


B (3) 

Potts Foundry Co., 
Sheboygan, Wis. 
A (1, 2, 3, 4, 5) 

Production Foundry Co., S. Main St., Box 
31, Columbiana, Ohio 
A (4) 

Production Pattern & Foundry Co., McKin- 
stry Ave., Chicopee, Mass. 

A, B (1, 2, 3) 

Prospect Foundry Inc., 1225 Winter St. 
N. E., Minneapolis, Minn. 

A, C G) 

Pulling Foundry Co., 724 W. Gay St, 
Columbus 22, Ohio 
A (i, 2, 3, 4, 5) 

Putnam Co., 34 Furnace St., 
Conn. 

A (1, 2, 3, 4, 5) 

The Quality Castings Co., 
St., Orrville, Ohio 
A, B, C (i, 2, 3) 

lity Fow Inc., 2707 E. 26th St., 
Os Angles 3 Calif. 
A, B, C (1, 2, 3, 4) 

Queen = ‘Foundry, Corner Hill & Cedar 

we Charlotte 1, N. C. 
C (1, 2, 3, 4, 5) 

one Wire & Iron Works, Box 549, 
Boone, Iowa 
A G) 

Red Jacket Mfg. Co., 1051 S. Rolff St., 
Davenport, lowa 


(1, 2, 3) 


Dexter Foundry Div., Fair- 


Inc., 606 Water, 


1430 S. 17th St. 


Putnam, 


1200 N. Main 


Macutne Desicn—Tue Ferrous Metats Boox 





Refinery Castings Co., P. O. Box 5085, 
Dallas 22, Tex. 


A () 
— Foundry Co., Mill St., Amesbury, 


ass. 
A, C G) 

Reliance Foundry Co., 990 Meridian Ave., 
Alhambra, Calif. 
A, B, C (1, 5) 

The Reliance Foundry Co., 500 E. Front 
my eee 2, Ohio 

—— Mfg. Co. Inc., Box 1037, South 

ide Station, Springfield 2, Mo. 

A (1, 2, 3, 4) 
i Mfg. Co. of California, 866 N. 
Columbia Blvd., _ 17, Oreg. 


A, G (i, 2, $4 
ne 155 Doolittle Drive, 


A G) 
Foundry Inc., 1140 Elliot Ave. W., 
ttle 99, Wash. 
A (1, 2, 3, 4, 
R Iron W 
~doplin, Mo. 
Corp., 400 Gertrude St., 


A, < ae 2, 3, 4) 

Rosed le Foundry & Machine Co., 1731 
Preble Ave., Pittsburgh 33, Pa. 
A (2, 3, 4, 5) 

Ross-Meehan Foundries, 1601 Carter St., 
A BOO l, Tenn. 


A, B, C 


Co., Maiden Lane & 


. Co. Inc, 6 Oakwood 


Royersford Foundry & Machine, 13 Main 
St., Royersford, Pa. 
A (4) 

St. Clair Foundry & Mfg. Co., 700 Wilson, 
Centralia, Il. 
A, C (1, 2, 3, 4) 

The St. Marys Foundry Co., E. South St., 
St. Ma Ohio 
A, C () 

Sanders Co., Poindxtr Water Pearl, Eliza- 
beth City, N. C. 
A (i, 2, 3, 4) 

The Sandy Hill Iron & Brass, 27 
Hudson Falls, N. Y. 
A 6) 

Sanitary Co. of America, Linfield, Pa. 
A (4) 

Schaefer-Goodnow Foundries Inc.. #2— 
36th St., Pittsburgh 1, Pa. 
A, C (1, 2, 3, 4 

Schnacke Mfg. Corp., 1016 E. Columbia 
St., Evansville 7, Ind. 
A, C (l, 2, 3, 4, 5) 

The L. Schreiber & Sons Co., Box 18, 
on Station, Cincinnati 7, Ohio 


Allen St., 


Seamless Modena Foundries Inc., Modena, 
P 


a. 
A (1, 2, 3, 4) 
Semi-Steel Casting Co., 
St. Louis 11, Mo. 
A (1, 2, 3, 4, 5) 
Service Foundry, Div. of Avondale Marine 
<., 416 Erato St., New Orleans 


109 E. Quincy St., 


(See Ad, Page 113) 


Shakopee Foundry Co., Pierce & Third 
0 am Minn. 
A (6) 


Sharpsburg Foundry Co., 1837 Canal St., 


Sharpsburg 15, Pa. 
A (@) 


Sheboygan Foundry Co., 
Sheboygen, Wis. 
A (5) 


1723 Union Ave., 


1961 Edition 


Sheffield F Co., 2070 Clybourn Ave., 
Chicago 14, Il. 


A, C @G, 4,5 
Sherman 


Sherman, Tex. 
A,C l. 2, 3, 4, 5) 
Sherman Machine & Iron Works, 2-26 E. 
Main St., Oklahoma City 2, Okla. 
A 6) 


Inc., P. O. Box 87, 


T. Shriver & Co. Inc., 850 Hamilton St., 
Harrison, N. J. 

A (1, 2, 3, 4, 5) 

Sibley Machine & Foundry Corp., 208 E. 
Tutt St., South Bend 23, Ind. 

A, C (1, 2, 3, 4, 5) 

Simon Carter Co., 655 19th Ave. N. E., 
Minneapolis 18, Minn. 

A (1, 2, 3) 

Sioux City Foundry & Boiler Co., E. 
Eighth & Division St., Sioux City, lowa 
A, C (1, 2, 3, 4, 5) 

Slinger Foundry Co. Inc., Slinger, Wis. 

A (i, 2, 3) 

Somerset Foundry & Machine Co., 809-31 
S. Edgewood Ave., Somerset, Pa. 

A (1, 2, 3, 4, 5) 

South Bend Foundry Co., Lafayette Blvd. 
& Indiana Ave., South Bend 23, Ind. 

A (1, 2, 3, 4, 5) 

Southbridge Foundry Co., 270 Worcester 
St., Southbridge, Mass. 

A, C (1, 2, 3, 4) 

Southern Foundry Corp. 1310 S. Wil- 
mington, Raleigh, N. C. 

A, C (4) 

Sparta Mfg. Co. Inc., Holtan St., 
Wis. 

A (1) 

Spokane Steel Foundry Co., P. O. Box 125 
Parkwater Station, Spokane 6, Wash. 

A, C (4) 

Spring City Fou 
Main Sts., Spring 
A (1, 2, 3, 4) 

Springfield Foundry Co., 
Indian Orchard, Mass. 
A, C (1, 2, 3, 4, 5) 

Spuck Iron & Foundry Co., 3145 N. 14th 
St., St. Louis 7, Mo. 

A (I, 2, 3, 4, 5) 

Standard Foundry Co., Southgate & 
Armory Sts., Worcester 10, Mass. 

A, C ‘Ul, 2, 3, 4, 5) 

Star Foundry & Machine Co., Madison 
St., New Lexington, Ohio 
A (1, 2, 3, 4) 

Stark Foundry Co., P. O. Box 147, Station 
A, Canton, Ohio 
A, C G) 

State Foundry Co., 90 Elinor Ave., Akron 
5, Ohio 
A, C (5) 

Steel Heddle Mfg. Co., Foundry Div., P. O. 
Box 1899, Greenville, S. C. 

A @) 

The Stephenson Mfg. Co., 567 Lynnway, 
Lynn, Mass. 

A 6) 

Sterrit-Thomas Foundry Co., 32nd & 
Smallman Sts., Pittsburgh 1, Pa. 

A () 
—, Foundry Inc., Box 831, Gastonia, 


A (5) 

Stuart Foundry Co., 
Detroit 9, Mich. 
A (6) 

Superior Foundry Inc., 
Cleveland 5, Ohio 
A, C (4) 

Swanson Foundry Co., 301 
Moline, III. 

A (1, 2, 3, # 


Sparta, 


Co. Inc., Hall & 
ity, Pa. 


295 Pasco Rd., 


138 S. Junction Ave., 


3542 E. 7lst St., 


Sixth St. 


onom, Robinson & Co., 200-300 Main 
‘Pon's m4 5) 
A B, C ( 
(See ‘Ad, Page 122) 
Tallad Foundry & Machine Co. Inc., 
‘ 301 N Johnson | Ave., Talladega, Ala. 


z 6) 
= & Co. ae 680 Morgan Ave., 


rooklyn, N. 
A “B, Cc Ca, 2, 4 4, 5) 
Taylor & Doe Foundry, 225 Worcester St., 
West Boyleston 6, Mass. 
A (4) 
Tennessee Fabricating Co., 
re ay Tenn. 
A (1, 2) 
Terre Haute Malleable & Mfg., P. O. Box 
180, Terre Haute, Ind. 


14900 Grimes, 


A (i, 2, 3, 4, 5) 

Texas Steel Co., 3901 Hemphill St., Fort 
Worth 9, Tex. 
A, B, C dl, 2, 3, 4, 5) 

Textile Machine Works—Foundry Div., 
P. O. Box 1382, Reading, Pa. 
A, C G) 

Thunder Bay Mfg. On. Tenth & Mc- 
Kinley Ave., Alpena, M 


AG 

Taw Caves Foundry, 4438 Hunt Ave., 
St. Louis 10, Mo. 

A, C (1, 2, 3, 4, 5) 

The Tri State Foundry Co., 5785 Morse 
St., Cincinnati 26, Ohio 
A, C (i, 2, 3) 

Troutman Foundry, P. O. Box 56, Trout- 
man, N. C. 

A (4) 
Tulsa Works Co., P. O. Box 1165, Tulsa 
1, Okla. 
A (6) 
be Turner & Seymour Mfg. Co., Lawton 
, Torrington, Conn. 
x a, 2, 3, 4, 5) 

Twentieth Century Heating & Ventilating 
Co., Foundry Div., 96 Ira Ave., Akron 
1, Ohio 
A @, 4, 5) 

Twin City Iron Works Inc., 101 Fourth 
Ave. N., Hurley, Wis. 

A, C (1, 2, 3, 4, 5) 

Tyler Pipe & Foundry Co., P. O, Box 
2027, Tyler, Tex. 

A, B, D, G (1, 2, 3, 4, 5) 

ay. Malleable Mfg. Co., Ashland, Ohio 
A (1) 

United Engineering & Foundry Co., 1400 
Grace Ave. N. E., Canton 5, Ohio 
A, D G) 

United Engineering & Foundry Co., 948 
Fort Duquesne Blvd., Pittsburgh 23, Pa. 
A (4, 5) 

U. S. Pipe & Foundry Co., P. O. Box 707, 
Union City, Calif. 

G 4, 5) 

U. S. Pipe & Fow Co., Steel & Tubes 
Div., Burlington, N. J. 

D, G (4, 5) 

U. S. Steel Corp., South Works, 3426 E. 
89th St., Chicago 17, Ill. 

A, D (1, 2, 3, 4, 5) 

U. S. Stove Co., Cedar Ave., South Pitts- 
burg, Tenn. 
A (2) 

Utica General Jobbing eames 1801 
Foundry St., Utica 3, N. 

A, B, C, D, E, F (4) 

Utica Steam Engine & Boiler Works, 800 
Whitesboro St.. Utica 4, N. Y. 

A (1, 2, 3, 4, 

Vancouver Iron & Steel Foundry, P. O. Box 
_ Wash. 





Pump Co., Fourth & State St. 

Cedar Falls, lowa 
A, C (i, 2, 3, 4, 5) 

Virginia Metalcrafters, (Loth Stove Co.), 
1010 E. Main St., Waynesboro, Va. 
A, C (i, 2, 3) 

Walton East Branch Foundry Corp., 17 
West St., Walton, N. Y. 
A (i, 2, 3, 4) 

Waltham Foundry Co., 71 Felton St., Wal- 
tham 54, Mass. 
A (i, 2, 3, 4, 5) 

Ward Machine & Foundry Co., 540 N. W. 
Fifth St., Richmond, Ind. 


A (1, 2, 3, 4) 
ba Foundry, 68 Cutler St., 


Warren, 


ta 
A (I, 2, 3, 4) 
Washington Machinery & Supply _ 
W. 9 Cataldo Ave., Spokane LW 
A (dl, 2, 3, 4, 5) 
Washington Mould Machine & Foundry, 
Madison & Green Aves., Washington, 


Pa. 
A, B, C (1, 2, 3, 4, 5) 

Washington Stove Works Inc., 3402 Smith 
Ave., Everett, Wash. 
AG, 4) 

Waterbury Foundry Co., 
Waterbury 13, Conn. 
A (1, 2, 3, 4) 

Waterman Industries Inc., P. O. Box 458, 
Exeter, Calif. 

A, B, C (1, 2, 3, 4) 

Webster Mig. Inc.. W. Hall St. 
Ohio 
A, C (5) 

a’ eee Inc., 


‘a. 
A (i, 2, 3, 4) 

bas Machine & Foundry Co. Inc., Plano, 
A, C (4) 

The Western Automatic Machine Screw 
yn Woodland Ave., Elyria, Ohio 

Western Castings Co., 1850 Grant St., 
P. O. Box tS, Santa Clara, Calif. 

A, C (i, 2, 3, 4, 5) 

Western hy & Foundry Co. Inc., 702 E. 
Second St., Wichita 2, Kans. 

A, C (i, 2, 3, 4, 5) 

Western Land Koller 
Nebr. 

A, C (1, 3, 4) 

White Foundry Co. Inc., P. O. Box 1292, 
1401 Norfolk Ave. S. E., Roanoke, Va. 
A, C G) 

White Machine Works Inc., 1401 Bellevue 
Ave., Eau Claire, Wis. 

A, B, C—, D, G es 

Wickham Piano Plate Co., 1817 Sheriden 

y Springfield, Ohio 


) 
Wilcox Crittenden Div. 
Middletown, Conn. 
A (i) 
T. B. Woods Sons Co., 
Chambersburg, Pa. 
A, B, C (1, 2, 3, 4, 5) 


112 Porter St., 


Tiffin, 


1631 East Ave., Erie, 


Co., Hastings, 


56 Warwick St., 


1200 Fifth Ave., 


Woodward Foundries Inc., P. O. Box 118, 


Greensburg, Pa. 
A (4) 

Worcester Foundry Co. Inc., 
St., Worcester 5, Mass. 

A @) 

Worthington Corp., Harrison Div., 401 
Worthington Ave., Harrison, N. J. 
A, C (1, 2, 3, 4, 5) 

Wysong & Miles Foundry Inc., 
Drawer 0-2, Greensboro, N. C. 
A, C (i, 2, 3, 4, 5) 


180 Prescott 


The Youngstown Foundry & Machine Co., 
W. Federal & Reserve Sts., Youngstown, 


Ohio 
A G6) 


Zane Casting Co., Park & Amelia Sts., 


Zanesville, Ohio 
A Cl, 2, 3, 4, 5) 
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P. O. 


Zenith Foundry Co., 1501 S. 83rd St., 


Ductile (Nodular) Iron 


A gray iron treated with a special alloy 
while in the liquid state to obtain graphite 
in the spherulitic rather than flake form 
when the metal solidifies. Also called 
spherulitic graphite iron or S. G. iron. 


Adirondack Steel Castings Co. Inc., Wa- 
tervliet, N. 

A, C (1, 2, 3, 4 5) 

The Advance Foundry Co., iS7 Seminary 
Ave., Dayton 3, Ohio 
A (6) 

Air Brake Div., Westinghouse Air Brake 
Co., Wilmerding, Pa. 

A, C (1, 2, 3, 4) 

Albany Car Wheel Co. Inc., 185 Broad- 
way, Box 625, Albany, N. Y. 

A, C.D Gl, 2, 3, 4, 5) 

Albion Malleable Iron Co., 601 N. Albion, 
Box 180, Albion, Mich. 

(2, 3, 4) 

Alloy Foundries, Div. of The Eastern Co., 
112 Bridge St., Naugatuck, Conn. 

A, B, C 

Alten Foundry & Machine Works Inc., 
226 W. Wheeling St., Lancaster, Ohio 
A, C (i, 2, 3, 4, 5) 

Apex Foundry Inc., 633 Lycaste St. De- 
troit 14, Mich. 

A (5) 

The Atlantic Foundry Co., 182 Beaver St., 
Akron 4, Ohio 
A @Q, 3, 4, 5) 

Atlas Foundry & Machine Co., 3012 S. 
Wilkeson St., Tacoma 1, Wash. 

A, C (6) 

Backman Foundry, 515 S. 
Provo, Utah 
A, B, C, D (5) 

Bay City Foundry Co., 400 Webster St., 
Bay City, Mich. 

A, C Cl, 2, 3, 4, 5) 

Beloit Eastern Corp., 240 Washington 
Ave., Downington, Pa. 

A, C G) 

Beloit Foundry Co., 445 Gardner St. 
South Beloit, Ill. 

A, C, E () 

Bethlehem Foundry & Machine, 225 Sec- 
ond St., Bethlehem, Pa. 

A (5) 

Bethlehem Steel Co., Bethlehem, Pa. 
A, C (2, 3, 4, 5) 

The Black-Clawson Co., Shartle Div., Sec- 
ond & Vine Sts., Hamilton, Ohio 
A, C 6) 

The Black-Clawson Co., Keuthan Found- 
ry Div., 1700 Grand Ave., Middletown, 
Ohio 
A, C (5) 

Blaw Knox Co., Foundry & Mill Machin- 
ery Group, 300 Sixth Ave., Pittsburgh 
22, Pa. 

A G, 4,5) 

Bonnot Co., 722 Mulberry St. S. E., Can- 
ton 2, Ohio 
A, C () 

Brillion Iron Works Inc., 200 Park Ave., 
Brillion, Wis. 

A (Cl, 2, 3, 4) 

The Buckeye Foundry Co., 2800 Beekman 
St., Cincinnati 25, Ohio 
A, C (1, 2, 3, 4, 5) 

Campbell Foundry Co., 800 Bergen St., 
Harrison, N. J. 

A () 


Ninth W., 


Campbell Wyant & Cannon Foundry, 
a 1, Sanford St., Muskegon Heights, 


x c G (l, 2, = 4, 5) 

Canton Pattern & Foundry Co., 330 An- 
drews Place S. W., P. O. Box "151, Can- 
wey — 


A, ) 
Canton Stoker Corp., 300 Andrew Place 
4 by eo Ohio 


oS Co. Inc., 1727 Bennett St., 
oo Se Jacksonville 6, Fla. 


Cook Casting Co., P. O. Box 1605, 
Yakima, Wash. 

A, B, C (1, 2, 3, 4) 

Casting Service Corp., Philadelphia St., 
La Porte, Ind. 

A (1, 2, 3, 4, 5) 

Cedartown Foundry & Machine Co., Box 
819, Cedartown, Ga. 

A (i, 2, 3, 4) 

Centrifugal Casting Div., The Shenango 
ae a; hs Third "St. Dover, Ohio 
G (2, 3 

Centrifu a4 _* Products, Div. of Shen- 
ango Furnace Co., W. Third St., Dover, 
Ohio 
A, D, G G) 

Che's C res tg Derby- 
shire St., Chambersburg, P. 


Chica» Foundry Co., 2028 N. Major Ave., 
Chicago 39, Il 
A (1, 2) 

The Chicago Hardware Foundry Co., 2500 
ree Ave., North Chicago, 
Ill. 

A, 8, C (I, 2, 3, 4) 

James Clow & Sons Inc., Sixth St., 
Coshocton, Ohio 
A, D, G ) 

Columbiana Foundry Co., Lisbon Rd., Co- 
lumbiana, Ohio 
A, C (2, 3, 4, 5) 

Columbus Iron Works Co., 
Ave., Columbus, Ga. 

A (i) 

Compton Foundry, 1320 S. Alameda St., 
Compton, Calif. 

A, B, C G) 

Crawford & Doherty Foundry Co., 4604 
S. E. 17th Ave., Portland 2, Oreg. 

A, B, C, E (5) 
Crompton & Knowles Corp., 93 Grand 
, Worcester 1, Mass. 
a c (1, 2, 3, 4) 

Dayton Foundry, 11803 Industrial St., 
Hollydale, Calif. 

A, G (I, 2, 3, 4) 

Detroit Gray Iron Steel Foundries Inc., 
282 Iron St., is 7, Mich. 
=. ¢, 1, 2, 3, 4, 5) 

P. Deuscher Co., Seventh & Han- 
ba ‘Sts., Hamilton, Ohio 


A (1, 2, 3, 4, 5) 
The Duplex Mfg. & Foundry Co., 398 
lyria, Ohio 


W. River St., 
A, C (1, 2, 3, 4, 5) 
Eagle Iron Works Inc., 129 E. Holcomb 
Ave., Des Moines 4, Iowa 
A (4) 
Electric Casting Co. Inc., 777 N. Georgia 
St., Azusa, Caiif. 
A, B, C (1, 2, 3, 4) 
The Electron Corp., 651 Rio Grande Ave., 
Littleton, Colo. 
A, C, F a, 2, 3, 4, 5) 
Elyria Foundry Div. of Chromalloy Corp., 
Filbert St., Elyria, Ohio 
A 4,5 
Emmaus Fourdry & Machine Co. Inc., 
Fourth & Furnace Sts. Emmaus, Pa. 
A, B, C (1, 5) 
or ~ Castings Div., American Brake 
Co., 10 aan Read Blvd., Ro- 
ce ll, N. Y 
A, B, C, E, (1, 2, 3, 4, 5) 


901 Front 
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Engineering Castings Inc., 405 S. Linden 
St., Marshall, Mich. 

A, B, C (I, 2, 3, 4) 

The Chris Erhart Foundry & Machine 
Co., 1237 W. Sixth St., Cincinnati 3, 
Ohio 
A (6) 

Erie Castings Co., 
P 


a. 
A, CQ) 
Farrel-Birmingham Co. Inc., 25 Main St., 
vw Be Conn. 


1534 German St., Erie, 


A @) 

Frank Foundries Co., 2020 Third Ave., 
Moline, Il. 

A, B, C (1, 2, 3, 4, 5) 

General Iron Works Co., P. O. Box 2490, 
S. Elati & Bates Sts., Denver 1, Colo. 
A (1, 2, 3, 4, 5) 

General Metals Co., 5701 S. Boyle Ave., 
Los Angeles 58, Calif. 

A @) 

General Metals Corp., P. O. Box 2496, 

Terminal Annex, Los Angeles 54, Caiif. 
5) 


Gisholt Machine Co., 1245 E. Washing- 
ton, Madison 10, Wis. 
A, C (1, 2, 3, 4, 5) 
Goldens’ Foundry & Machine Co., 600 
12th St., Columbus, Ga. 
A (I, 2, 3, 4, 5) 
Grand Rapids Foundry, 538 Bond Ave. 
N. W., Grand Rapids 2, Mich. 
A, C G) 
(See Ad, Page 118) 
Grant Bros. Foundry Co., 2931 Beaufait 
Ave., Detroit 7, Mich. 
A (1, 2, 3, 4, 5) 
Grede Foundries Inc., Liberty Div., 6432 
W. State St. Milwaukee, Wis. 
A, B, C (i, 2, 3, 4, 5) 
Gunite Foundries Div., Kelsey-Hayes Co., 
302 Peoples Ave., Rockford, Ill. 
A (2, 3, 4) 
Hamilton Foundry Inc., 1551 Lincoln Ave., 
Hamilton, Ohio 
A, C G) 
(See Ad, Page 115) 
Hansell-Elcock Co., 485 W. 23rd Place, 
Chicago 16, Ill. 
A, C (2, 3, 4, 5) 
ee Mfg. Co., 240 Arch St., York, 


- Cc (5) 
ae tron & Aluminum Co., Hillsdale, 


A (5) 
W. S. Hodge Foundry Inc., Mapleton Rd., 
P. O. Box 151, Greenville, Pa. 
A (1, 2, 3, 4, 5) 
Hyde Park Foundry & Machine, Hyde 
Park, Westmoreland Co., Pa. 
A (6) 
oo! Cylinder Co., 7401 
a oo 36, Pa. 


State Rd., 


= Sseeer Mfg. Co., 907 Fourth St. 
Columbus 16, Ohio 
A (I, 2, 3, 4, 5) 

Kennedy Van Saun 
Beaver St., Danville, 
A, C (2, 5) 

Kutztown Foundry & Machine Corp., 
Kutztown, Pa. 
A (4, 5) 

Landis Tool Co., E. Sixth St. 
boro, Pa. 
A (Il, 2, 3, 4) 

The W. O. Larson Foundry Co., 799 
Barchard St., Grafton, Ohio 
A, C, E G) 

Latrobe Foundry Machine & Supply Co., 
P. O. Box 431, Latrobe, Pa. 
A, C (1, 2, 3, 4, 5) 


; & Mfg. Corp., 


Waynes- 


1961 Edition 


Lincoln Foundry Corp., 2525 E. 49th St., 

Los Angeles 58, Calif. 
» C GB) 

Lindgren Foundry Co., 
Batavia, Ill. 

A, C (@) 

Lufkin Foundry & Machine Co., P. O. 
Box 58, Lufkin, Tex. 

A, C (I, 2, 3, 4, 5) 

Lynchburg Foundry Co., Courtland Bidg., 
Lynchburg, Va. 

A, B, C (1, 2, 3, 4, 5) 

H. C. Macaulay Foundry Co., 
ton St., Berkeley 10, Calif. 
A, C (I, 2, 3, 4, 5) 

Martin Foundries, Foot of Toronto St., 
Detroit 17, Mich. 

A, C @) 

Meehanite Metal Corp., 714 North Ave., 
New Rochelle, N. Y. 

A, B, C, D, E, F, G (i, 2, 3, 4, 5) 
(See Ad, Page 112) 


Mid-City Foundry Co., 1521 W. Bruce 
St., Milwaukee 4, Wis. 

A, B, C (1, 2, 3, 4, 5) 

Midwest Foundry Inc., P. O. Box 2838, 
Wichita, Kans. 

A, C (4) 

Montague Machine Co., 
Falls, Mass. 

A (5) 

Motor Castings Co., 
West Allis 14, Wis. 
A, B, C (2, 3, 4, 5) 

Motor Machinery Castings Co., 7742 W. 
Davison Ave., Detroit 38, Mich. 

A (6) 

National Steel & Shipbuilding Co., Har- 

bor Cae & 28th, Son Diego 12, Calif. 


A,C 

Newbury Mfg. Co., 209 17th St. Tal- 
ladega, Ala. 
A Q) 

Newport News Shipbuilding & Dry Dock 
Co., 4101 Washington Ave., Newport 
News, Va. 

A 6) 

Nordberg Mfg. Co., 3073 S. Chase Ave., 
Milwaukee 7, Wis. 

A, C (2, 3, 4, 5) 

Overmyer Mould Co. Inc., 108 Railroad 
Ave., Winchester, Ind. 

A, C (i, 2, 3) 

Perfect Circle Corp., 636 W. Third St., 
wih ne Ind. 

1) 


717 Main St., 


811 Carl- 


15th St., Turners 


1323 S. 65th St. 


Henry Perkins Co., Broad St. 
water, Mass. 
A 6) 
The Plainville Casting Co., S. Canal St., 
Plainville, Conn. 
A, B (1, 2, 3, 4) 
Pohlman Foundry Co. Inc., 205 Baitz 
Ave., Buffalo 6, N. Y. 
A, Cc (1, 2, 3, 4, 5) 
Pros Foundry Inc., 1225 Winter St. 
N.E., Minneapolis, Minn. 
A, C () 
Putnam Co., 34 Furnace St., 
Conn. 
A (1, 2, 3, 4) 
bs Quality Castings Co., 
, Orrville, Ohio 
‘i 'B C (1, 2, 3) 
Queen City Foundry, Corner Hill & Ce- 
dar Sts., Charlotte 1, N. C. 
A, C (1, 2, 3, 4, 5) 
Quinn Wire & Iron Works, Box 549, 
Boone, Iowa 
A @ 
Reliance Foundry Co., 990 Meridian Ave., 
Alhambra, if. 
A, B, C (1, 5) 
Iron Works Co., Maiden Lane & 
ce” Mo. 
A, C (4) 


Bridge- 


Putnam, 


1200 N. Main 


Rosedale Foundry & Machine Co., 1731 
Preble Ave., Pittsburgh 33, Pa. 

A (4, 5) 

Ross-Meehan Foundries, 1601 Carter St., 
aan a 1, Tenn. 
A, B, C ©) 

The Sandy Hill Iron & Brass Works, 27 
Allen St., Hudson Falls, N. Y. 

A (5) 

Shakopee Foundry Co., Pierce & Third 
Sts., 

A, res (1, 2, 3, 4,5) 

Sheffield Foundry Co., 2070 Clybourn 
Ave., a8) 14, Ill. 

A, C GB, 4, 

Sioux City Tccie & Boiler Co. E. 
Eighth & Division St., Sioux City, lowa 
A (1, 2, 3, 4) 

Standard Foundry Co., Southgate & Ar- 

y Sts., Worcester 10, Mass. 
A, C (1, 3, 3, 4,5) 

Stanley Foundries, 6009 Santa Fe Ave., 

Huntington Park, Calif. 


A €@ 

Steel Heddle Mfg. Co., pou Div., 
P. O. Box 1899, "annie. S 
A @) 

Stuart Foundry Co., 
Detroit 9, Mich. 
A (5) 

Texas Centrifugal Casting Co., P. O. Box 
3645, Temple, Tex. 
G (1, 2, 3, 4, 5) 

Texas Foundries Inc., Box 180, 


Tex. 
A, B, C, D (1, 2, 3, 4, 5) 

Textile Machine Works—Foundry Div., 
P. O. Box 1382, Reading, Pa. 
A, C (4) 

United Engineering & Foundry Co., 1400 
Grace 3)" N.E., Canton 5, Ohio 


A, D 
United gineering & Foundry Co., 948 
vd., Pittsburgh 22, Pa. 


Fort Duquesne B 

=, « 5) 
Pipe & my Co., Steel & Tubes 

Oe oo N. J 
D, G (4, 

me AL) South Works, 3426 E. 
89th St., Chicago 17, Il. 
Ad, 2, 3, 

Viking wate Co., Fourth & State St., 
Cedar Falls, Iowa 
A (1, 2, 3, 4, 5) 

Washington Mould Machine & Foundry, 
—_— & Green Aves., Washington, 


A'B,C (1, 2, 3, 4, 5) 
bes Machine & Foundry Co. Inc., Plano, 


A,C (4 

The Ween Automatic Machine Screw 
Sy he Woodland Ave., Elyria, Ohio 

T. B. Wood’s Sons Co., 1200 Fifth Ave., 
Chambersburg, Pa. 
A, B, C (1, 2, 3, 4, 5) 

Worthington Corp., Harrison Div., 401 
Worthington Ave., Harrison, N. J. 
A, C (1, 2, 3, 4, 5) 

Wysong & Miles Foundry Inc. P. O. 

rawer O-2, Greensboro, N. C. 

A, C (1, 2, 3, 4,5) 

The Youngstown Foundry & Machine Co., 
W. Federal & Reserve Sts., Youngstown, 


138 S. Junction Ave., 


Lufkin, 


Malleable Iron 


A mixture of iron and carbon, including 
smaller amounts of silicon, manganese, 
sulphur and phosphorus which, after being 
cast as white iron and heat treated, is 
substantially free of all combined carbon. 
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Acco Malleable Casting Div., 
Chain & Cable Co. Inc. 
wig St., York, Pa. 


Co., 107 Seminary 
~ estan 3, Ohi 


AG ) 

Albion Malleable Iron Co., 601 N. Albion, 
Box 180, Albion, Mich. 
A, B (i, 2, 3, 4) 

Alloy Foundries, Div. of The Eastern Co., 
112 Bridge St., Naugatuck, Conn. 
A, B, C (il, 2, 3) 

American Chain & Cable Co. Inc., 929 
Connecticut Ave., Bridgeport, Conn. 
A (1, 2) 

American Malleable Castings Co., 740 W. 
Center St., Marion, Ohio 
A (I, 2, 3) 

Appleton Electric Co. 2105 Fifth Ave., 
South Milwaukee, Wis. 


(i, 2) 
bad Malleable & Mfg. Co., 223 N. 
Chicago Ave., South Milwaukee, Wis. 


(I, 2) 
Belcher Malleable Iron Co., Foundry St., 
Easton, Mass. 
A (i) 
Belle City Malleable Iron Co. & Racine 
Steel Casting Co., 1442 Forst St., Racine, 
is, 


A, B (1, 2, 3, 4) 
Cadillac Malleable Iron Co., 230 Tenth 
St., Cadillac, Mich. 
A (, 3, 4) 
Chain Belt Co., 4800 W. Mitchell St., 
Milwaukee |, Wis. 
_A, C (i, 2, 3, 4) 
Malleable Castings Co., 
St., Chicago 43, Ill. 
A, B (i, 2, 3, 4) 
Cleveland Porcelain Enameling Co., 3190 
E. 65th St., Cleveland 4, Ohio 


Cohuabus Malleable Div. of Pierce In- 
dustries Inc., 760 Curtis Ave., Colum- 
bus, Ohio 
A (1, 2 

The Dalton Foundries Inc., 
Jefferson Sts., Warsaw, Ind. 
A (4) 

The Dayton Malleable Iron Co., 2618 S. 
Third St, Ironton, Ohio 
A, B (i, 2, 3, 4) 

te Casting Co, Inc., 777 N. Georgia 

, Azusa, C ali f. 
x ‘B, C (il, 2, 3) 

Fanner Mfg. Co, Brookside Park, Cleve- 
land 9, Ohio 
A (i) 

neue Malleable Co. Inc., 

» Milwaukee 14, Wis. 
A '€ (i, 3, 4) 

Frazer & ites Co. Div., 
Solvay, Syracuse 1, 

A (Cl, 2) 

General Metals Co., 5701 S. Boyle Ave., 
Los Angeles 58, Calif. 

A (2) 

General Metals Corp., P. O. Box 2496, 
Terminal Annex, Los Angeles 54, Calif. 
A @) 

General Motors Corp., Central Foundry 
Div., 37 Florence St., Saginaw, Mich. 
A (i, 2, 3, 4) 

Griffin Wheel Co., 
4, Muncie, Kans. 
D (4) 

Kirsh Foundry Inc., 125 Rowell St., Beaver 
Dam, Wis. 

A dl, 5) 

Laconia Malleable Iron Co., 71 Water 
St., Laconia, 9 H. 

A, B, C (I, 2, 3) 

Lakeside Malleable Castings Co. 1333 
23rd St., Racine, Wis. 


A, B (1, 2, 3) 


1225 W. 


Lincoln & 


805 S. 72nd 


P. O. Box 1155, 
» 


7155 Kaw Drive, Box 


106 


American 
1100 E. 


Lancaster Malleable Castings Co., Man- 
heim Pike, Lancaster, Pa. 


» 2, 3) 
Link-Belt Co., Dept. 61-MDFM, Ewart 
Plant, 220 S. Belmont Ave. Indi- 
RPG. 3 Ind. 


I Kouncey Inc., Saunders & Payne 


— a — 
A al 2, 3, 3. 4, 3 

Malleable Co., 715 N. Spring 
St., Beaver meg, Sen is. 


A (l) 

Marion Malleable Iron Works, 917 Miller 
Ave., Marion, Ind 
A, C (1, 2, 3) 

Meadville Malleable Iron Co., Mill St., 


Milwaukee Mallecble & Grey Iron Works, 
a S. 29th St., Milwaukee 46, Wis. 


A @) 
Moline Iron Works, 3704 Fourth Ave., 
Moline, Iil. 


A (2) 
Moline Malleable Iron Co., Dean Rd., 
St. Charles, Ill. 


A, B (1, > 
National Malleable & Steel Casti 546 
~ ass Ave., Indianapolis oo Ind. 
National Malleable & Steel Castings Co., 
S. Dock St y im Pa. 
A (l, 2, 
National Malleable & Steel Casting, 1400 
S. Laramie Ave., Cicero 50, Ill. 
A (1, 2, 3, 4, 5) 
Northern Malleable Iron Co., 867 Forest 
| x a“ 6, Minn. 
A.B ( l, 4. 
a a Mallea le Iron Co., Oriskany, 


‘ B C (1, 2, 3) 
Peoria Malleable Castings Co., Ft. of Al- 
exander, Peoria, Ill. 
A (1, 2, 3) 
St. Louis Malleable Casting Co., 7701 N. 
wis Ave., St. Louis 15, Mo. 


m. c Ye & Malleable Casti Co., 
7 Graham Ave., Benton ‘Teton 


rN . Cc (1, 2, 3) 

Terre Haute Malleable & Mfg., P. O. Box 
180, Terre Haute, Ind. 
A (1, 2, 3, 4) 

Texas Foundries Inc., Box 180, Lufkin, 


ex. 
A, B, C, D (1, 2,3, 4, 5) 
ay Malleable Mfg. Co., Ashland, Ohio 
(1) 
Valley Mould & Iron Corp., Hubbard, 


Wagner Castings Co., 1275 Sangamon, 
Box 1319, Decatur 2, ill. 
A (1) 

Webster Mfg. Inc., W. Hall St. 
Ohio 
A Q) 

White Machine Works Inc., 
vue Ave., Eau Claire, Wis. 
A (4) 


Tiffin, 


1401 Belle- 


Carbon Steel 


Steel containing carbon up to about 2 
per cent and only residual quantities of 
other elements except those added for de- 
oxidation. Also known as plain carbon 
steel, ordinary steel and straight carbon 
steel. 


a oo Castings Co. Inc., Water- 
viiet, N 
C (i, 2 3, 4, 5) 
me ca. Standard Mold Co., Lectromelt 
mar, yas 240 E. Huston St., Barber- 


ton, O) 


Cc 

Allied Steel Castings Co., 146th & Lincoln 
Sa Haney, 
A, 

The Alloy Cast Steel Co., Rose Ave., 
Marion, Ohio 
A, C (1, 2, 3, 4, 5) 

Alloy Foundries, Div. of The Eastern Co., 
112 war . Naugatuck, Conn. 
A, B, C Gi, 

Alloy Steel ie Co., County Line Rd. 
& Pennsylvania Turnpike, Southampton, 


Pa. 
F (1) 
(See Ad, Page 122) 
Allo Grairon Castings Corp., 3800 
ams, Ravenna, Mich. 
(i, 2, 3, 4, 5) 
American Chain & Cable Co. Inc., 925 
Connecticut Ave., Bridgeport, Conn. 


A,CG 
Arwood Bin 3037 S. Vail Ave., Los 


exe 22, Calif. 
B, F (3) 
(See Ad, Page 121) 
nT Corp., 321 W. 44th St., New York 
B, F 3) 
(See Ad, Page 121) 
The Atlantic Foundry Co., 182 Beaver St., 
Akron 4, Ohio 
A (1, 2, 3, 4, 5) 
Atlas Foundry & Machine Co., 3012 S. 
Wilkeson St., Tacoma I, ; 
A, C (5) 
Atlas Steel Casti Co., 1963 Elmwood 
Ave., Buffalo 7, N. Y. 


A 6) 
Austenal Inc., Div. of Howe Sound Co., 
oa E. Lincolnway, LaPorte, Ind. 


F (1) 
wry) & Wilcox Co., Barberton, Ohio 


Bervait Eleciric —_ Casting Inc., P. O. 
Box 458, Leeds, Al 
A, C (1, 2, 3, 4, 5) 

Beaver Vailey Alloy Foundry Co., Atlantic 
Ye Ext., Monaca, Pa. 


A 6) 
Belle City Malleable Iron Co. & Racine 
Steel Casting Co., 1442 Forst St., Racine, 


Wis. 
A, C (1, 2, 3, 4) 

Benbow Foundries Inc., 330 Ninth Ave. S., 
Wisconsin Rapids, Wis. 
A, C G) 

Bethlehem Steel Co., Bethlehem, Pa. 
A, C (3, 4, 5) 

Blaw Knox Co., Foundry & Mill Machin- 
ery Group, 300 Sixth Ave., Pittsburgh 22, 


Pa. 
A, C (3, 4, 5) 

Bonne Terre Foundry Co., 615 Grove St., 
P. O. Box 107, Bonne Terre, Mo. 
A (i, 2, 3, 4, 5) 

Brace Inc., 6237 Penn Ave., South Minne- 
apolis, Minn. 
F (1) 

The Buckeye Steel Castings Co., 2211 Par- 
sons Ave., Columbus 7, Ohio 
A, C (2, 3, 4, 5) 

Calumet Steel Castings Corp., 1636 Sum- 
mer St., Hammond, Ind. 
A, C (1, 2, 3, 4) 

The C. S. Card Iron Works Co., P. O. 
Box 117, Denver 1, Colo. 
A, C (S) 

Casting Engineers, Div. of Consolidated 
Foundries & Mfg. Corp., 2323 N. Bos- 
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worth Ave., Chicago 14, Ill. 
F (1) 

Engineers Inc., Div. of Consoli- 
dated Foundries & Mfg. Corp., 615 W. 
13lst St. New York 27, N. Y. 
B, D, F, G (1) 

Clark Equipment Co., Buchanan, Mich. 
A (1, 2, 3, 4, 5) 

The Commercial Shearing & Stamping 
Co., 1775 Logan Ave., Youngstown 1, 
Ohio 
B (i, 2) 

Commercial Steel Casting Co., 
Cheney Ave., Marion, Ohio 
A, C Q, 3, 4, 5) 

Crucible Steel Casting Co., Div. of Ce 
solidated Foundries & Mfg. Corp., 
84th St. & Almira Ave., Cleveland ‘ 
Ohio 
A, B, C (I, 2, 3, 4, 5) 

Crucible Steel Casting Co., A. Div. of 
Crucible Mfg. Corp., 2850 S. 20th St., 
Milwaukee 15, Wis. 

A, C (1, 2, 3, 4, 5) 

Curtiss-Wright Corp., Metals Processing 
Div., 770 Northland Ave., P. O. Box 13, 
Buffalo 15, N.- Y. 

A, B, C, D, E, G (1, 2, 3, 4, 5) 

Detroit Gray Iron Steel Foundries Inc., 
282 Iron St., Detroit 7, Mich. 

A, E (1, 2, 3, 4, 5) 

Dibert, Bancraft & Ross Co. Ltd. P. O. 
Box 490, 3400 Tulane St., New Orleans 
1, La. 

C (1, 2, 3, 4, 5) 
A. : 1 Co., 6501 State Rd., Philadel- 


East Texas Steel Casti Co. Inc., P. O. 
Box 2469, Longview, Tex. 
A (1, 2, 3, 4) 
Eld Metal Co. Ltd., 
Angeles 1, if. 


1233 E. 63rd St., Los 


A (2 

Elecute Steel Castings Co., 1045 Main St. 
Speedway, Indianapolis 24, Ind. 
A (I, 2, 3, 4, 5) 

Electrocast Steel Foundry Co., 4701 W. 
15th Place, Cicero 50, Il 
A, C (1, 2, 3, 4, 5) 

Electronicast, Div. of Nilsen Mfg. Co., 21 
N. Church St., Addison, Ill. 
F 

Empire Steel Castings Inc., P. O. Box 139, 
Reading, Pa. 
A,B, (1, 2, 3, 4, 5) 

Erie Forge & Steel Co 
St., Box 180, Erie i, 
A (6) 

Esco Corp., 2141 N. W. 25th Ave., Port- 
land 10, Oreg. 
A, B, C (6) 

Fairbanks, Morse & Co., 3601 Kansas Ave., 
Kansas City, Kans. 
A (1, 2, 3, 4, 5) 

The Falk Corp., Box 492, Milwaukee 1, 
Wis. 
A,C 2, 3,4, 5) 

Farrel-Birmingham Co. Inc., 25 Main St., 
Ansonia, Conn. 
A G) 

General Metals Co., 5701 S. Boyle Ave., 
Los Angeles 58, Calif. 
A () 


General Metals Corp., P. O. Box 2496, 
Terminal Annex, Los Angeles 54, Calif. 
A ©) 

General Railway Signal Co., 801 West 
Ave., P. O. Box , Rochester 2, N. Y. 


A (i, 2, 3, 4) 
(See Ad, Page 122) 


as a Steel <4 Corp., 1417 State 
Granite City, I 
C (4, 5) 


, 1341 W. 16th 


1961 Edition 


Gold Foundry & Machine Works, 1618 
S. Osage St., P. O. Box 177, Indepen- 
dence, Mo. 

A 6) 

Goltra Foundries Inc., 123 W. Liberty St., 

aE i Ill. 


Cosin in Birmingham Mi Inc., 3521 
631, pa % l, 


A ©) 
Gray-Syracuse Inc., W. Seneca St., 
a Y. 


Man- 


F (1) 
Grede Foundries Inc., Liberty Div., 6432 
W. State St. —— Wis. 
A, hg C (1, 2, 3, 4, 5) 
n Wheel Co., 445 N. Sacramento 
Bld. a Chicago 13, Ill. 
Griffin Wheel Co., 7155 Kaw Drive, Box 
4, Muncie, Kans. 
D (4) 
Gunite Foundries Div., Kelsey-Hayes Co., 
302 Peoples Ave., Rockford, Il. 
1, 2, 3, 4, 5) 
Handford Foundry Co., 119 S. Arrowhead 
Ave., San Bernardino, Calif. 
A, c (1, 5) 
Haracast ‘Co., 620 E. Glenolden Ave., 
. ——. "Pa. 


(1) 
The Harrison Steel Castings Co. P. O. 
Box 60, Attica, Ind. 
A, B, C, G (2, 3, 4, 5) 
Hitchiner Mfg. Co. Inc., P. O. Box 232, 
Milford, N. H. 
ae RB 
Se Ad, Page 110) 


Independent Steel Casting Co. P. O. 
Box 157, New Buffalo, Mich. 


F (1) 
Inland Steel Co., 30 W. Monroe St. 
Chicago 3, Il. 
D 6) 
Investment Casting Co., 60 Brown Ave., 
a aaa N. J. 
(1) 


Investment Casting Co., Saegerstown Rd., 

a Pa. 
F (1) 

hott, — E. Providencia Ave., Burbank, 
Cal i 
B, F, G (1, 2) 

Kay-Brunner Steel Products Inc., 999 Meri- 
dian Ave., Alhambra, Calif. 

A, C, G (I, 2, 3, 4 5) 

Kolcast Industries, Div. of Thompson 
Ramo Wooldridge Inc., Box 250, Miner- 
va, Ohio 
F (1, 2, 3, 4) 

The W. O. Larson Foundry Co., 799 
Barchard St., Grafton, Ohio 
A 6) 

Latrobe Foundry Machine & Supply Co., 
P. O. Box 431, Latrobe, Pa. 
ACG, 2345) 

Latrobe Steel Co., 2626 Ligonier St., La- 
trobe, Pa. 

E (I, 2, 3, 4, 5) 

Lebanon Steel Foundry, Lebanon, Pa. 
A, B, E, F, G (5) 

The LFM Mfg. Co. Inc., Subsidiary of 
The Rockwell Mfg. Co., P. O. Drawer 
os Kans. 


Liebros Casting “o., 39-30 Review Ave., 
Long Island City, N. Y. 

F, G (1) 

Link Belt Co., t. 61-MDFM, 300 W. 
Pershing Rd., Chicago 9, Ill. 

A, B, C (1, 2, 3, 4 5) 

Link-Belt Co., Dept. 61-MDFM, Ewart 
Plant, 220 S. Belmont Ave., Indi- 
wy. Ind. 

A, B (1) 


Lone Star Steel Co., Box 174, Dainger- 
field, Tex. 


wf Foundry Co. Inc., 67 Polk St., 
Newark 5, N. J. 
A (i, 2, 3, 4) 

McConway & Torley Corp., 109 48th St., 
Pittsburgh 1, Pa. 
A,C G 

Midwest ision Castings Co., 10703-09 

eta te Ave., "Nags ae 6, Ohio 

Minneapolis Electric Steel Castings Co., 

— Fifth St. N. E., Minneapolis 21, 


"4 Ci 1, 2, 3, 4, 5) 
Mi ision Casti 
Howe Sound Co., 11 
Whitehall, Mich. 
F (1, 2 
Missouri Steel Caten Co., E. Third St., 
Joplin, Mo. 
A BG 


Co., Div. of 
W. Gibbs St., 


M & M Precision Casting Inc., P. O. 
~, _ Norwood, Mass. 


Morel, Foundry Corp., 533 W. Spokane 

St., —— Wash. “a 
» 2) 

Mountain State Steel Foundries Inc., 
P. O. Box 1039, } ees W. Va. 
A, C (1, 2,3, 4,5 

-e Malleable & Steel Casting, 546 

re Ave., Indianapolis "Ind. 
A (1, 2, 3, 

National Malleable & ~?. Castings Co., 
S. Dock St., wet 
A, C (1, 2, 3, 4, 3 

National Malleable & Steel Casting, 1400 
S. Laramie Ave., Cicero 50, Ill. 

A (1, 2, 3, 4, 5) 

National | Rubber Machinery Co., 355 
Union, Columbiana, Ohio 
A 6) 

National Supply Div., Armco Steel 
Dr aiaiad Center, Pittsburgh, 

New Iron Foundry Co., 36115 Goddard 
At ec Mich. 


Newport News Shipbuildi 
Co., 4101 Washington 
News, Va. 

A (5) 

Northern Precision Casting Co. Inc., 698 
Pine St., Burlington, Wis. 

F (1) 

The Ohio Steel Foundry Co., 
St., Springfield, Ohio 
A, 'B, C, G (1, 2, 3, 4, 5) 

Oklahoma Steel Castings Co., 
Peoria St., Tulsa, Okla. 

A, B () 

Olympic Steel Works, 151 Horton St., 
Seattle 4, Wash. 

A, B () 

Omaha Steel Works, 
Omaha 6, Nebr. 

A (1, 2, 3, 4, 5) 

Omni-Metal ThA Inc., 
Brooklyn 15, N 
F, G (1) 

Oregon Steel Foundry Ye 2531 N.W. 
28th Ave., Portland 10, Oreg. 

A, C (1, 2, 3, 4, 5) 

Pacific Southern Foundries Inc., c/o Pa- 
cific Valves Inc., 3201 Walnut Ave., 
Long Beach 7, Calif. 

A, B, C (1, 2, 3, 4, 5) 

The Pelton Steel Casting Co., 148 W. 
Dewey Place, Milwaukee 7, Wis. 

A, B (1, 2, 3 . 4, 5) 

Penn Steel Castings Co., Front & Penn 
Sts., Chester, Pa. 

A (4, 5) 

Pennsylvania Electric Steel Casting Co., 

ird & Arch Sts., Hamburg, Pa. 
A, C 5) 


& Dry Dock 
ve., Newport 


1075 James 


1200 N. 


609 S. 48th St. 


135 11th St., 





Pittsburgh Steel F Corp., Fort Pitt 
Steel Foundry Corp., 25th St. & B. & O. 
Railroad, McKeesport, Pa 
A, B, C (4) 

Precision Castparts Co., 4600 S.E. Har- 
ney Drive, Portland 6, Oreg. 

F (1, 2, 3, 4) 
a Metalsmiths Inc., 1081 E. 200th 
.. Cleveland 17, Ohio 


(I 2) 

Quails Electric Steel Castings Inc., 7704 
Wallisville Rd., P. O. Box 9382, Hous- 
ton Il, Tex. 

A, C, G (5) 

wy Stee! Casting Co. Inc., 30 Fayette 

» Quincy 71, Mass. 

A 6) 

Roanoke Electric Steel Corp., Miller St. 
N.W., Roanoke, Va. 

aX, a 

rs Foundry Inc., 
‘Seattle 99, Wash. 


1140 Elliot Ave. W., 


A (i, 2, 3, 4, 5) 

Ross-Meehan Foundries, 
Chattanooga |, Tenn. 
A, B, C (5) 

Frank Roth Co. Inc., 4278 Park Ave., New 
York 57, N. Y. 

B, E, F, G (1) 

St. Louis Steel Casting Inc., i00 Mott St., 
St. Louis 11, Mo. 

A 6) 

Sandusky Found & Machine Co., W. 
Market St., ow Mt Ohio 
G 6) 

a ~ Mfg. Corp., 1016 E. Columbia 

aK 7, Ind. 
A Cc (1, 2, 3, 4, 5) 

Scott Casting & Mfg. Cnn. Fourth St. & 
Cannon Ave., Lansdale, Pa. 

F (1) 

Seullin Steel Co., A Div. of Universal 
Marion Corp., 6700 Manchester Ave., 
St. Louis 10, Mo. 

A (4, 5) 

Service Foundry, Div. of Avondale Marine 
Ways Inc., 416 Erato St., New Orleans 
13, La. 

A () 


1601 Carter St., 


(See Ad, Page 113) 


Spokane Steel Foundry Co., P. O. Box 125 
Parkwater Station, Spokane 6, Wash. 
A (4) 

Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 
A, C (1, 2, 3, 4, 5) 

Sterling Steel Casting Co., P. O. Box 230, 
East St. Louis, Ill. 

A, C (1, 2, 3, 4, 5) 

Sterling Steel Casting Co., 2° 
Ave., Monsanto, Ill. 

A 6) 

Strong Steel Foundry Co., 33 Norris St., 
Bultalo 7, N. Y. 

A (1, 2, 3, 4, 5) 
Superior Steel & Malleable Castings Co., 
9 Graham Ave. Benton Harbor, 
Mich 
A, B, Cc ci, 2,3, 4, 5) 

Symington-Wayne Co Symington Div., 
2 Main St., Depew, NY 
A, C (i, 2, 3, 4, 5) 

(See Ad, Page 119) 

Tectron Inc., 650 N. Robertson Blvd., 
Los Angeles, Calif. 

F (i, 2) 

Texas Centrifugal Casting Co., P. O. Box 
3645, Temple, Tex. 

G (1, 2, 3, 4,5) 
= Foundries Inc., Box 180, 


A B, C, D (1, 2, 3, 4, 5) 

Texas Steel Co., 3901 Hemphill St., Fort 
Worth 9, Tex 
A, B, C (1, 2, 3, 4, 5) 


900 Monsanto 


Lufkin, 


108 


Thys Co., 6900 Folsom Blvc., Sacramento 
19, Calif. 

A, C, F (1, 2, 3, 4, 5) 

Union Spring & Mfg. Co., Second Ave. 
& Eighth St, New “Reosineten, Pa. 

A G) 

Uniteast Corp., P. O. Box 4007, Station 
E, Toledo 9, Ohio 
A, B, C (1, 2, 3, “> 

United Engineering & Foundry Co., 948 
a. Bivd., Pittsburgh 23 Pa. 
A (4, 5) 

U. S. Pipe & Foundry Co., Steel & Tubes 
Div., Burlington, N. J. 

D, G (4, 5) 

Valley Steel Casting Co., Div. of Detroit 
Gray Iron esky Co., Foot of Ith 
St., Bay City, Mich. 

A (i, 2, 3, 4,5) 

Vanadium-Alloys Steel Co., P. O. Box 151, 
Latrobe, Pa. 

A 6) 

Viking Pump Co., Fourth & State St, 
Cedar Falls, lowa 
A (1, 2, 3, 4) 

Vulcan Steel Foundry Co., 2934 Ford St., 
Oakland |, Calif. 

A, B, C (S) 

Waunakee Alloy —— Corp., 201 Madi- 
son St., Waunakee, Wis. 
A,C di, 2, 3, 4, 5) 

Westinghouse Electric Corp., Box 128, 
Blairsville, Pa. 

B (1) 

Westlectric Castings Inc., 2040 S. Cam- 
field Ave., Los qoute 22, Calif. 
A, C (1, 2, 3, 4,5) 

Worthington Corp., Harrison Div., 401 
Worthington Ave., Harrison, N. J. 

A (1, 2, 3, 4, 5) 


Low-Alloy Steel 


An iron-base alloy malleable in some 
temperature range as initially cast with a 
maximum carbon content of 2 per cent 
and with less than 5 per cent metallic al- 
loying elements. 


Adirondack Steel Castings Co. Inc., Wa- 
tervliet, N. Y. 

A, C (1, 2, 3, 4, 5) 

The Akron Standard Mold Co., Lectro- 
melt Casting Div., 240 E. Huston St. 
Barberton, Ohio 
A, C 

Allied Steel Castings Co., 146th & Lin- 
coln Sts., Harvey, Ill. 

A, C (2, 3, 4,5) 

The Alloy Cast Steel Co., Rose Ave., Mar- 
ion, Ohio 
A, C (1, 2, 3, 4, 5) 

Alloy Foundries, Div. of The Eastern Co., 
112 Bridge St., Naugatuck, Conn. 

A, B, C (1, 2) 

Alloy Steel Casting Co., County Line Rd. 
& Pennsylvania Turnpike, Southamp- 
ton, Pa, 

F (1) 
(See Ad, Page 122) 

Alloyed Grairon Castings Corp., 3800 Ad- 
ams, Ravenna, Mi 
(1, 2, 3, 4, 5) 

American Brake Shoe Co., 6600 Ridge 
Ave., St. Louis 14, Mo. 

A () 

American Chain & Cable Co. Inc., 929 
Connecticut Ave., Bridgeport, Conn. 

A, C 6) 

Arwood Corp., 3037 S. Vail Ave., Los 
Angeles 22, Calif. 

E, F 1,2, 3) 
(See Ad, Page 121) 


Arwood a 321 W. 44th St., New York 
36, N. 
B, F (3) 
(See Ad, Page 121) 
The Atlantic Foundry Co., 182 Beaver St., 
vie 4, Ohio 
A (1, 2, 3, 4, 5) 
tlas Foundry & Machine Co., 3012 S. 
Wilkeson St., Tacoma 1, W 
A,C G ) 
Atlas Steel Casting Co., 1963 Elmwood 
Ave., Buffalo 7, N. Y. 
A 6) 
Austenal Inc., Div. of Howe Sound Co., 
. 110 E. Lincolnway, LaPorte, Ind. 
(1) 
Austenal Co., Div. of Howe Sound Co., 
Microcast Products, 230 Park Ave., New 
York 17, N. Y. 


F@G 
Babosck & Wilcox Co., Barberton, Ohio 


¢ 
Beswoll Electric o Casting Inc., P. O. 
Box 458, 
A, C (1, 2, 3, 4, 3" 
Beaver Valley Alloy Foundry Co., Atlan- 
tic Ave. Ext., Monaca, Pa. 


A G6) 

Belle City Malleable Iron Co. & Racine 
Steel Casting Co., 1442 Forst St. Ra- 
cine, Wis. 

A (I, 2, 3, 4) 

Benbow Foundries Inc., 330 Ninth Ave. S., 

Wisconsin Rapids, Wis. 


A, C () 

Bethlehem Steel Co., Bethlehem, Pa. 
A, C (3, 4, 5) 

Blaw Knox Co., Foundry & Mill Ma- 
chinery Group, 300 Sixth Ave., Pitts- 


Brace Inc., 6237 Penn Ave., South Min- 
neapolis, Minn. 
F (1) 

The Buckeye Steel Castings Co., 2211 
Parsons Ave., Columbus 7, Ohio 
A, C (2, 3, 4, 5) 

Calumet Steel Castings Corp., 1636 Sum- 
mer St., heey 
A, C (1, 2, 3, 4) 

The C. S. Card Iron Works Co., P. O. 
Box 117, Denver 1, Colo. 

A, C @) 

Casting Engineers, Div. of Consolidated 
Foundries & Mfg. Corp., 2323 N. Bos- 
worth Ave., cites 14, Ill. 

F (1) 
Casting Engineers Inc., Div. of Consoli- 
ted Foundries & Mfg. tx 4 615 


W. 13lst St.. New York 
B, D, F,G dl) 

Clark Equipment Co., Buchanan, Mich. 
A (1, 2, 3, 4, 5) 

The Commercial Shearing & Stamping 
Co., 1775 Logan Ave., Youngstown lI, 
_— 


The Commercial Steel Casting Co., 
Cheney Ave., Marion, Ohio 
A, C (2, 3, 4,5) 

Crucible Stee! Casting Co., Div. of - 
solidated Foundries & Mfg. Corp., 
84th St. & Almira Ave., Cavell 
Ohio 
A, B, C (i, 2, 3, 4, 5) 

Crucible Steel Casting Co. A Div. of 
Crucible Mfg. Corp., 2850 S. 20th St., 
Milwaukee 15, Wis. 

A, C (1, 2, 3, 4, 5) 

Curtiss-Wright Corp., Metals Processi 
Div., 770 Northland Ave., P. O. Box 1 
Buffalo 15, N. Y. 

A, B, C, D, E, G (I, 2, 3, 4, 5) 

Detroit Gray Iron Steel Foundries Inc., 
282 Iron St., Detroit 7, Mich. 

A, E (1, 2, 3, 4, 5) 


Macuine Desicn—Tue Ferrous Metats Boox 





Dibert, Bancraft & Ross Co. Ltd., P. O. 
= 490, 3400 Tulane St., New Orleans 
, La 
x: Cc Q. 2 2, 3, 4, 5) 
I Co., 


op oe 6501 State Rd., Phila- 
d aba 5, Pa. 


dl, 2, 3, 4, 
See A, Page 120) 


East Texas Steel Castings Co. Inc., P. O. 
Box 2469, Longview, Tex. 
A (1, 2, 3, 4) 

Eld Metal Co. Ltd., 1233 E. 63rd St., Los 
— 1, Calif. 


(2) 
— Steel Castings Co., 1045 Main St., 
Indianapolis "24, Ind. 
A dl, Pa 4s 


Electrocast Sea Foundry Co., 4701 W. 
15th Place, Cicero 50, Ill. 
A, C (I, 2, 3, 4, 5) 

Electronicast, Div. of Nilsen Mfg. Co., 21 
> Church St., Addison, Ill. 


Empire Steel Castings Inc. P. O. Box 
139, Reading, Pa. 

A, B, C (.® 3, 4,5) 

Engineering Castings Inc., 
St., Marshall, Mich 
A, B, C (1, 2, 3, 4) 

Erie Forge & Steel Corp., 
St., Box 180, Erie 1, Pa. 
A 6) 

Esco Corp., 2141 N.W. 25th Ave., Port- 
land 10, Oreg. 

A, B, C () 

Fairbanks, Morse & Co., 3601 Kansas Ave., 
Kansas City, Kans. 

A (1, 2, 3, 4, 5) 

The Falk Corp., Box 492, Milwaukee 1, 
Wis. 

A, C (2, 3, 4, 5) 

General Metals Co., 5701 S. Boyle Ave., 
Los Angeles 58, Calif. 


AG 

oe Metals Corp., P. O. Box 2496, 
Terminal Annex, Los Angeles 54, Calif. 
A (G) 

General Railway Signal Co., 801 West 
Ave., P. O. Box , Rochester 2, N. Y. 
A (1, 2, 3, 4) 

(See Ad, Page 122) 

General Steel Castings Corp., 1417 State 

® — City, ir 
(4, 

Gold Foundry & Machine Works, 1618 
S. Osage St., P. O. Box 177, Independ- 
ence, Mo. 

A ©) 

Goltra Foundries Inc., 
Barrington, Il 
A, B (1) 


405 S. Linden 


1341 W. 16th 


123 W. Liberty St., 


Goslin Birmingham Mfg. Co. Inc., 3521 
Tenth N., Box 631, Birmingham |, Ala. 
A (5) 

Gray-Syracuse Inc., W. Seneca St., 
lius, N. Y. 

F (1) 

Grede Foundries Inc., rong | Div., 6432 
W. State St., Milwaukee, W is. 

A, B, C (i, 2, 3, 4, 5) 

Gunite Foundries Div., Kelsey-Hayes Co., 
302 Peoples Ave., Rockford, Il. 

A (1, 2, 3, 4) 

Hanford Foundry Co., 119 S. Arrowhead 
Ave., San Bernardino, Calif. 

A, C (1,5) 

Harcast Co., 620 E. Glenolden Ave., Glen- 
olden, Pa. 
F (1) 

Haynes Stellite Co., Div. of Union Car- 
bide Corp., Kokomo, Ind. 
F (1) 

Hitchiner Mfg. Co. Inc., P. O. Box 232, 
Milford, N. H. 

F (1, 2, 3) 
(See Ad, Page 110) 


Man- 


1961 Edition 


Independent Steel Casting Co., P. O. Box 
157, New Buffalo, Mich. 


F (1) 
Inland Steel Co., 30 W. Monroe St., Chi- 
cago 3, Ill. 
D (6) 
Investment Gate Co., 60 Brown Ave., 
ia 5% 
(1) 


Investment Casting Co., Saegerstown Rd., 
“a ie Pa. 


Key i aa Steel Products Inc., 999 Meri- 
ian Ave., Alhambra, Calif. 

A, C, G (i, 2, 3, 4) 

Kolcast Industries, Div. of Thompson 
Ramo Wooldridge Inc., Box 250, Mi- 
nerva, Ohio 
F (1, 2, 3, 4) 

The W. O. Larson Foundry Co., 799 Bar- 
chard St., Grafton, Ohio 
x 

Latrobe Foundry Machine & Supply Co., 
P. O. Box 431, Latrobe, Pa. 
A, C (I, 2, 3, 4, 5) 

Latrobe Steel Co., 2626 Ligonier St., Lat- 
robe, Pa. 
E (1, 2, 3, 4, 5) 

Lebanon Steel “c@. Lebanon, Pa. 


“_ B, ay 

Mig. Co. Inc., Subsidiary of 
ThE ae Rockwell Mfg. Co., P. O. Drawer 
~_— Kans. 


A @) 
Liebros Casting Co., 39-30 Review Ave., 
Long Island City, N. Y. 


Link-Belt Co., Dept. 61-MDFM, Ewart 
Plant, 220 S. Belmont Ave., Indianapo- 
lis, Ind. 

A, B (1) 

Lone Star Steel Co., Box 174, Dainger- 
field, Tex. 
D 6) 

Maicolm raw Co. Inc., 
Newark 5, N. 

A (I, 2, 3) 

McConway & Torley Corp., 109 48th St., 
Pittsburgh 1, Pa. 

A (5) 


Midwest Precision Castings Co., 10703-09 
incy _ Cleveland 6, Ohio 
» G (to 30 Ib 
Minneapolis Electric Steel moore Mg 
3800 Fifth St. N.E., Minneapolis 21, 


Minn. 
A, C (1, 2, 3, 4, 5) 
Misco Precision Castin 
Howe Sound Co., 11 
ae Mich. 
(I, 
Missouri Steel Castings Co., E. Third St., 


67 Polk St. 


Co., Div. of 
W. Gibbs St. 


ision Casting Inc., P. O. Box 
295, Norwood, Mass. 
F (1) 

Morel Foundry Corp., 533 W. Spokane 
St., Seattle, Wash. 

B (1, 2) 

National Malleable & Steel Casting, 546 
N. Holmes Ave., Indianapolis 22, Ind. 
A (1, 2, 3, 4, 5) 

National Malleable & Steel Castings Co., 
S. Dock St., Sharon, Pa. 

A, C (1, 2, 3, 4, 5) 

National Malleable & Steel Casting, 1400 
S. Laramie Ave., Cicero 50, Ill. 

A (1, 2, 3, 4, 5) 

National Rubber Machinery Co., 355 
hey Columbiana, Ohio 


National Supply Div., Armco Steel 
Two Gateway Center, Pittsburgh, a. 
D, F () 

New Iron Foundry Co., 36115 Goddard 
Rd., Romulus, Mich. 
A (4) 


Newport News vars omens | & a! Dock 
Co., 4101 Washington Ave. ewport 
om Va. 

A @) 

nie Precision Casting Co. Inc., 698 

oat St., Burlington, Wis. 


F (1) 

The Ohio Steel Foundry Co., 
St., Sprin; Ci Ohio 
of > 'B, Ln AS 2, 3, 4, 5) 

teel Castings Co., 

= ik. Teles Okla. 
A, B G) 

Olympic — ‘ame 
—* 4, W 


A @) 

Omaha Steel Works, 609 S. 48th St. 
Omaha 6, Nebr. 
A (1, 2, 3, 4, 5) 

Omni-Metal Castings Inc., 135 llth St., 
Brooklyn 15, N. Y. 
F, G (1) 

Oregon Steel Foundry Co., 2531 N.W. 
28th Ave., Portland 10, Oreg. 
A, C (1, 2, 3, 4, 5) 

Pacific Southern Foundries Inc., c/o Pa- 
cific Valves Inc., 3201 Walnut Ave., 


1075 James 


1200 N. 


151 Horton St., 


148 W. 


The Pelton’ Steel Casting 7 
Dewey Place, Milwaukee 7, W 
A, B (1, 2, 3, 4, 5) 
Penn Steel Castings Co., Front & Penn 
wees Pa. 
A ¢ 


Pennsylvania Electric Steel Casting Co., 
ird & Arch Sts., Hamburg, Pa. 
A, C G) 

Pitts Steel Foun Corp., Fort Pitt 
Steel Foundry Corp., 25th St. & B. & O. 
Railroad, McKeesport, Pa. 

A, B, C (4) 

Precision Castparts Co., 4600 S.E. Harney 
Drive, Portland 6, Oreg. 

F (1, 2, 3, 4) 

Precision Metalsmiths Inc., 1081 E. 200th 
russ Cleveland 17, Ohio 

1, 2) 
wm | Electric = ae Inc., 7704 
llisville Rd., . Box 9382, Hous- 
ton ll, Tex. 
A, C, GG) 

R Foundry Inc., 

Ss ttle 99, Wash. 
A (1, 2, 3, 4, 5) 

Ross-Meehan Foundries, 1601 Carter St., 
Chattanooga 1, Tenn. 

A, B, C ¢ 

Frank Roth Co. Inc., 4278 Park Ave., 
New York 57, N. Y. 

B, E, F, G (1) 

St. Louis Steel Casting Inc., 100 Mott St., 
St. Louis 11, Mo. 

A @) 

Sandusky Foun 
Market St., Sa 
G 6) 

Scott Casting & Mfg. Co 
ro. Ave., Lansdale, 


1140 Elliot Ave. W., 


& Machine Co., W. 
usky, Ohio 


., Fourth St. & 


Scullin Steel Co., A Div. of Universal 
Marion Corp., 6700 Manchester Ave., 
St. Louis 10, Mo. 

A (4, 5) 

Service Foundry, Div. of Avondale Ma- 
rine Ways Inc., 416 Erato St., New Or- 
leans 13, La. 


A (6) 
(See Ad, Page 113) 


Spokane Steel Foundry Co., P. O. Box 125 
ya Station, Spokane 6, Wash. 


Standard Steel Works Div., The Bald- 
win-Lima-Hamilton Corp., Burnham, 


Pa. 
A, C (1, 2, 3, 4, 5) 





«+» Stretches your 
design potential 


Parts-design becomes as flexible 
as wax when you specify invest- 
ment casting. With the “lost wax” 
process, parts may be designed 
for function...operating efficiency 

. and wearability. Costly ma- 
chining and assembly operations 
are reduced and often eliminated. 
A wide variety of alloys offers 
better parts performance and cost 
reductions. 


To discover the benefits Hitchiner 


Investment Casting can bring you... 


write for 
complete 
technical 
and facilities 
information. 


‘ HITCHINER 
Milford 4, New Hampshire 


Circle M-1 on Page 97 
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Stanley Foundries, 6009 Santa Fe Ave., 
Huntington Park, Calif. 
A (4) 

Sterling Steel Casting Co., 2500 Mon- 
santo Ave., Monsanto, Il. 
A G) 

Strong Steel Foundry Co., 33 Norris S° 
Buffalo 7, N. Y. 
A (1, 2, 3, 4, 5) 

Superior Steel & Malleable Castings Co., 
309 Graham Ave., Benton Harbor, 


Mich. 
A, B, C (1, 2, 3, 4, 5) 
Symington-Wayne Corp., Symington Div., 
2 Main St., Depew, N nm 
A, C (1, 2, 3, 4, 5) 
(See Ad, Page 119) 
Tectron Inc., 650 N. Robertson Blvd., 
Los Angeles, Calif. 
F (i, 2) 
Texas Centrifugal Casting Co., P. O. Box 
3645, Temple, Tex 
G (I, 2, 3, 4, 5) 


be Foundries Inc, 


A “B C (1, 2, 3, 4, 5) 

Thompson Ramo Wooldridge Inc., 1455 
E. 185th St., Cleveland 10, Ohio 
B (1) 

be y Sh _— Folsom Blvd., Sacramento 
A 'C, F (1, 2,3, 4,5) 

Union Spring & Mfg. Co., Second Ave. & 
Eighth St., New ensington, Pa. 
A 6) 

Unitecast Corp., P. O. Box 4007, Station 
E, Toledo 9, Ohio 
A, B, C (1, 2, 3, 4, 5) 

United eg & Foundry Co., 948 
Wwe Duquesne Blvd., Prtebaeh 23, Pa. 


Box 180, Lufkin, 


U. S. Se & Foundry Co., Steel & Tubes 
Div., Burlington, N. J. 
D, G (4, 5) 

Valley Steel Casting Co., Div. of Detroit 
Gray Iron Foundry Co., Foot of IIth 
St., Bay City, Mich. 
A (I, 2, 3, 4, 5) 

Vanadium-Alloys Steel Co., P. O. Box 151, 
Latrobe, Pa. 
A G) 

Viking Pump Co., Fourth & State St., 
Cedar Falls, lowa 
A (1, 2, 3, 4) 

Vulcan Steel Foundry Co., 2934 Ford St., 
Oakland |, Calif. 
A, B, C (5) 

Waunakee Alloy Casting Corp., 201 Madi- 
son St., Waunakee, Wis. 
A, C (1, 2, 3, 4,5) 

Westinghouse Electric Corp., Box 128, 
Blairsville, 
B (1) 

Westlectric Castings Inc., 2040 S. Cam- 
field Ave., Los Angeles 22, Calif. 
A, C (1, 2, 3, 4, 5) 

Worthington Corp., Harrison Div., 401 
Worthington Ave., Harrison, N. J. 
A (1, 2, £4, 5) 


Corrosion-Resistant Steel 
(ACI types) 


These castings are used to resist corrosion 
by aqueous solutions at or near room tem- 
perature, and by hot gases and high-boil- 
ing-point liquids at elevated temperatures 
up to 1200F. 


Adirondack ee Castings Co. Inc., Wa- 
tervliet, 

A,C cr 2, 3, 4,5) 

Alloy Foundries, Div. of The Eastern Co., 
112 Brid . St., Naugatuck, Conn. 

A, B, C (i, 2, 3, 4) 

Alloy Steel Casting Co., County Line Rd. 
& Pennsylvania Turnpike, Southamp- 
ton, Pa. 

A, F (i, 4) 
(See Ad, Page 122) 

Alloyed Grairon Castings Corp., 3800 Ad- 
ams, rwry Mich. 
(1, 2, 3, 4, 5) 

Apex a . Ltd, P. O. Box 6767 
E. L.A. Branch, Los Angeles 22, Calif. 


Phas (3, 4, 5) 
st S. Vail Ave., Los An- 


“ES es 22, 
F ( 2°) 
See Ad, Page 121) 


Arwood Corp., 321 W. 44th St. New 

York 36, N. Y. 
B, F (3) 
(See Ad, Page 121) 

Atlas Foundry & Machine Co., 3012 S. 
Wilkeson St., Tacoma 1, Wash. 

A, C G) 

Austenal Inc., Div. of Howe Sound Co., 
1110 E. Lincolnway, LaPorte, Ind. 

F (1, 2) 

Austenal Co., Div. of Howe Sound Co., 
Microcast Products, 230 Park Ave., New 
York 17, N. Y. 

F (3) 

— & Wilcox Co., Barberton, Ohio 
A (4) 

Beaver Valley Alloy Foundry Co., Atlantic 
Ave. Ext., Monaca, Pa. 

A G) 

Belle City Malleable Iron Co. & Racine 
Steel Casting Co., 1442 Forst St., Ra- 
cine, Wis. 
A (1, 2, 3, 4) 

Bethlehem Steel Co., Bethlehem, Pa. 
A, C (3, 4, 5) 

Blaw Knox Co., Foundry & Mill Machin- 
ery Group, 300 Sixth Ave., Pittsburgh 


22, Pa. 
A, B, C (1, 2, 3, 4, 5) 
Brace Inc., 6237 Penn Ave., South Min- 
neapolis, Minn. 
F (1) 


Calumet Steel Castings Corp., 1636 Sum- 
mer St., Hammond, Ind 
A, C (1, 2, 3, 4) 

Campbell Wyant & Cannon Foundry, 
— 1, Sanford St., Muskegon Heights, 


Ny c F (1, 2, 3, 4) 

Carondelet Foundry Co., 2101 S. Kings- 
highway Blvd., St. Louis 10, Mo. 
A, C (1, 2, 3, 4, 5) 

Casting Engineers, Div. of Consolidated 
Foundries & Mfg. 2323 N. Bos- 
ee Be Chicago 14, iil. 

» 2) 

Casting Engineers Inc., Div. of Consoli- 
dated Foundries & Mfg. Corp., 615 W. 
13lst St., New York 27, N. Y. 

B, D, F, G (1) 

Centrifugally Cast Products, Div. of She- 
nango Furnace Co., W. Third St., Do- 
ver, Ohio 
A, D, G G) 

Columbiana Foundry Co., Lisbon Rd., 
Columbiana, Ohio 
A, C (1, 2, 3, 4) 

Crawford & Doherty Foundry Co., 4604 
S.E. 17th Ave., Portland 2, Oreg. 

A, B, C, E (S) 


Macuine Desicn—Tue Ferrous Metats Boox 





Curtiss-Wright Corp., Metals Processing 
Div., 770 Northland Ave, P. O. Box 
13, Buffalo 15, N. Y. etolerances 
A, B,C, DE. G (1,2,3,4,5 i 

Detroit Gray Iron Steel Foundries Inc., 
282 Iron St., Detroit 7, Mich. *soundness 
A, E (i, 2,3, 4, 5) 

Dibert, Bancraft & Ross Co. Ltd., P. O. 
Box 490, 3400 Tulane St., New Or- . intricacy 


leans 1, La. 
A, C (i, 2, 3, 4, 5) 


Dodge Steel Co., 6501 State Rd., Phila- ~ ’ + 

area clieved Impossible 
A, B (1, 2, 3, 4) 

(See Ad, Page 120) 

Duriron Co. Inc., 450 N. Findlay St., 

Bayon 1, Ohi WAUKE-SHA CASTINGS 
f J 

Edgewater Steel Co., College & Allegheny 
Ave., Allegheny County, Chaent Pa. 
D 

Electrocast Steel Foundry Co., 4701 W. 
15th Place, Cicero 50, Ill. 

A, C (1, 2, 3, 4, 5) 

Electronicast, Div. of Nilsen Mfg. Co., 
21 N. Church St., Addison, Ill. 

E 

Empire Steel Castings Inc., P. O. Box 139, 
Re ading, Pa. 

A, B, C C1, 2, 3,.4, 5) 

Engineered fae Div., American Brake 
Shoe Co., 10 Mount Read Blvd., Roch- 
ester 11, N. , > 
A, B, C, E (1, 2, 3, 4, 5) 

Engineering Castings Inc., 405 S. Linden 
St., Marshall, Mich. 

A, B, C (1, 2, 3, 4, 5) 

Erie Forge & Steel Corp., 1341 W. 16th 
St., Box 180, Erie 1, Pa. 

A (5) 

Esco Corp., 2141 N.W. 25th Ave., Port- 
land 10, Oreg. 
A, B, C () 

Fairbanks, Morse & Co., 3601 Kansas Ave., 
Kansas City, Kans. 

A (1, 2, 3, 4, 5) Bef. . oh hei ibh 

The Fisher Cast Steel Products Co., 12 ae BOW 5. . 1h WES TRONg < smpoess € to cast alloys to di- 
E. Town St., West Jefferson, Ohio mensional tolerances of +-.005, without expensive machining. 
A, B, C G) 

General Metals Co., 5701 S. Boyle Ave., Exclusive Wauke-Sha ceramic molds prevent voids, even 
Los Angeles 58, Calif. : : j : ‘ 

Cy tations with light and heavy adjacent sections, reproduce hairline 

General Metals Corp., P. O. Box 2496, intricacies without porosity or surface blemish. Only this 
Terminal Annex, Los Angeles 54, Calif. patented Wauke-Sha process assures: 

A (5) 

Gray- -Syracuse Inc., W. Seneca St., Man- 
yh é wae ith no ' hini 

Grede Foundries Inc., Liberty Div., 6432 hairline reproduction of detail 
W. State St., Milwaukee, Wis. 

Griffin Wheel Co., 7155 Kaw Drive, Box ' no porosity, internal voids, cracks 

N “i € 1S. 
. o Kar Sat , gus holes, temic! inclusi 

Hanford Foundry Co., 119 S. Arrowhead 
Ave., San Bernardino, Calif. t 
A.C (1, 5) Wauke-Sha castings make possible full design flexibility 

Harcast Co., 620 E. Glenolden Ave., Glen- ____ without limitation on casting size. Every day ... Wauke-Sha 
a) Pa. __-s €astings are meeting the severe conditions in the oe 

____ field, where “soundness” is imperative. 
Hitchiner Mfg. Co. Inc., P. O. Box 232, ie f ‘ 
Milford, N. H = 
F (1, 2, 3) oe ease: uk 
(See Ad, Page 110) WAUKESHA FOUNDRY CO. 


Independent Steel Casting Co., P. O. Box Dept. F-35, Waukesha, Wis. 
157, New Buffalo, Mich. Manufacturers of corrosion-resistant castings. 
F (1) incluswe of non-galling alloys, Stainless 
Steel, Waukesha Metal, Monel, Pure Nickel, 


Inland Steel Co., 30 W. Monroe z.. Chi- founds y lLompaoy Inconel, Ni-Resist, plus special Nickel- 
cago 3 Chromium Alloys for epoca applications. 


D (5) ". + 

Investment Casting Co., 60 Brown Ave., bay? 
Springfield, N. J. ee 
F (1) 


& 
& 
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MEEHANITE MEANS BETTER CASTINGS 





68 PAGE CASTING HAND- 
BOOK FOR ENGINEERS 


This technical book has been pre- 
pared for design engineers striv- 
ing to improve product perform- 
ance and reduce manufacturing 
costs. It presents the physical 
properties of each of the 26 dif- 
ferent types of Meehanite metal 
and is jam-packed with useful 
data that makes it easier to eval- 
vate and specify the most suit- 
able metal for a particular casting 
application. Also included are 
heat treatment and machining 
data and numerous photographs 
of typical casting applications. 


Send for your free single copy 
today and find out why casting 
users all over the world expect 
and get more for their money 
with Meehanite castings. Write 
to the Meehanite Metal Corpora- 
tion, 714 North Avenue, New 
Rochelle, New York. 


MEEHANITE 
METAL 


MEEHANITE CASTINGS ARE MADE ONLY 
BY MEEHANITE FOUNDRIES 
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| Midwest Precision Casti Co., 


Investment Casting Co., Saegerstown Rd., 
aon Pa. 
F (1) 
Jan Cylinder Co., 
Phi seavate 36, Pa. 


G () 

Kauffman Mfg. & Supply Co., 709 Penn- 
ae Ave., Hagerstown, Md. 

A, C (5) 

—— Steel Products Inc., 999 Meri- 

ian Ave., Alhambra, Calif. 
A, C, G (1, 2, 3, 4, 5) 

Kolcast Industries, Div. of Thompson 
Ramo Wooldridge Inc., Box 250, Min- 
erva, Ohio 
F (1, 2, 3, 4) 

Latrobe Foundry Machine & Supply Co., 
P. O. Box 431, Latrobe, Pa. 

A, C (1, 2, 3, 4, 5) 

Latrobe Steel Co., 2626 Ligonier St., Lat- 

robe, Pa. 
E (1, 2, 3, 4, 5) 

Lebanon Steel Foundry, Lebanon, Pa. 
A, B, E, F, G (5) 

Liebros Casting Co., 39-30 Review Ave., 
Xx Island City, N. _ 4 

(1) 

ma Belt Co., Dept. 61-MDFM, Ewart 
Plant, 220 ’s. Belmont Ave., Indian- 
apolis, Ind. 

A, B (1) 

McConway & Torley Corp., 
Pittsburgh 1, Pa. 

A 6) 


7401 State Rd., 


109 48th St., 


Midwest Alloys Inc., 45 Hunter St., St. 
Louis 24, Mo. 
A, B, C (4) 

Midwest Foundry Inc., P. O. Box 2838, 
Wichita, Kans. 
A (4 

Midwest Foundry Co., Div. of L. A. Dar- 
ling, Box 127, Coldwater, Mich. 
"Bc () 


10703-09 

uincy Ave., Cleveland 6, Ohio 
» G (to 50 Ib) 

Minneapolis Electric Steel Castings Co., 
3800 Fifth St. N.E, Minneapolis 21, 
Minn. 

A, C (1, 2, 3, 4) 

Misco Precision Casti 
Howe Sound Co., 11 
Whitehall, Mich. 

F (1, 2) 

M & M Precision Casting Inc., P. O. Box 
295, Norwood, Mass. 

F (1) 

Muskegon Piston Ring Co., Sparta Found- 
ry Div., Sparta, Mich. 
A ()) 

New Castle Foundry Co., Mahoning & 
Hobart Sts., New Castle, Pa. 

A (4) 


Co., Div. of 
W. Gibbs St., 


New Iron Foundry Co., 36115 Goddard 
Rd., Romulus, Mich. 

A (4) 

Newport News Shipbuilding & a Dock 
Co., 4101 Washington Ave., Newport 
News, Va. 

A 6) 

Nordberg Mfg. Co., 3073 S. Chase Ave., 
Milwaukee 7, Wis. 

A, C (2, 3, 4, 5) 

Northern Precision Casting Co. Inc., 698 
Pine St., Burlington, Wis. 

F (1) 

The Ohio Steel Foundry Co., 
St., Springfield, Ohio 
A, B, C, D, E, G (1, 2, 3, 4, 5) 

Oklahoma Steel Castings Co., 
Peoria St., Tulsa, Okla. 

A, B (S) 

Omni-Metal Castings Inc., 135 llth St. 
Brooklyn 15, N. Y. 

F, G (1) 


1075 James 


1200 N. 


Pacific Southern Foundries Inc., c/o Pa- 
cific Valves Inc., 3201 Walnut Ave., 
Long Beach 7, Calif. 

A, B. cdl, a, '3, 4,5) 

Pitts Stee Corp., Fort Pitt 
Steel <o th St. & B. & O. 
Railroad, McKeesport, Pa. 

A, B, C (4) 

Precision tparts Co., 4600 S.E. Har- 
ney Drive, Portland 6, Oreg. 
F (1, 2, 3, 4) 

Precision Metal Products Corp., Swanton, 
Vt. 

B (2) 

Precision Metalsmiths Inc., 1081 E. 200th 
St., Cleveland 17, Ohio 
F (1, 2 

Reliance Foundry Co., 990 Meridian Ave., 
Alhambra, Calif. 

m1 B,C sey : 
ogers Foun ne., 
Seattle 99, Wash. 
A (1, 2, 3, 4, 5) 

Ross-Meehan oe 1601 Carter St., 
ABC 1, Tenn. 


A, B. 

Frank Roth Co. Inc., 4278 Park Ave., 
New York 57, N. Y. 
B, E, F, G (1) 

St. Louis Steel Casting Inc., 
St. Louis 11, Mo. 


Ag 
Sandusky Foun & Machine Co., W. 
ay St., Sandusky, Ohio 
) 


er-Goodnow Foundries Inc., 
36th St., Pittsburgh 1, Pa. 
A (1, 2, 3, 4) 
Scott Casting & Mfg. 
Cannon Ave., Lansdale, 


F (1) 

Service sag Div. of Avondale Ma- 
rine Ways ., 416 Erato St., New 
Orleans 13, La. 


A G) 
(See Ad, Page 113) 

Shakopee Foundry Co., Pierce & Third 
Sts., Shakopee, Minn. 

A (1, 2, 3, 4, 5) 

Sheffield Foundry Co., 2070 Clybourn 
Ave., Chicago 14, Ill. 

A, C @G, 4, 9) 

Sioux City Foundry & Boiler Co., E. 
Eighth & Division St., Sioux City, lowa 
A, C (1, 2, 3) 

Stainless Foundry & Engineering Inc., 5132 
N. 35th St., Milwaukee 9, Wis. 

A (1, 2, 3, 4) 

Standard Steel Works Div., The Ba!dwin- 
Lima-Hamiiton Corp., Burnham, Pa. 

A, C (1, 2, 3, 4, 5) 

Stanley Foundries, 6009 Santa Fe Ave., 
Huntington Park, Calif. 

A (4) 


1140 Elliot Ave. W., 


100 Mott St., 


#2— 


., Fourth St. & 


Symington- ny oat 
2 Main St., 
A, cd, 2, 3 4, 5). 

(See Ad, Page 119) 

Tectron Inc., 650 N. Robertson Blvd., 
Los Angeles, Calif. 
F (i, 2) 

Texas Centrifugal Casting Co., P. O. Box 
3645, Temple, Tex. 
G (1, 2, 3, 4, 5) 

Texas Foundries Inc., Box 180, Lufkin, 


Tex. 
A, B, C (1, 2, 3, 4, 5) 

Texas Steel Co., 3901 Hemphill St., 
Worth 9, Tex. 
A, B, C (1, 2, 3, 4, 5) 

Thompson Ramo Wooldridge Inc., 1455 
E. 185th St., Cleveland 10, Ohio 
B (1) 

Unitcast Corp., P. O. Box 4007, Station 
E, Toledo 9, Ohio 
A, B, C (1, 2, 3, 4, 5) 


en Y Symington Div., 


Fort 
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U. S. Pipe & Foundry Co., Steel & Tubes 

Div., Burlington, N. J. 
, G (4,5) 

Vanadium-Alloys Steel Co., P. O. Box 
151, Latrobe, Pa. 

A ©) 

Vancouver Iron & Steel Foundry, P. O. 
Box 265, Vancouver, Wash. 

A @) 

Viking Pump Co., Fourth & State St., 
Cedar Falls, lowa 
A (1, 2, 3, 4) 

The Vollrath Co., Foundry Div., 1236 N. 
18th St., Sheboygan, Wis. 

A, C, G (1, 2, 3, 4) 
(See Ad, Page 114) 

Vulcan Steel Foundry Co., 2934 Ford St., 
Oakland 1, Calif. 

A, B, C (5) 

Wall-Colmonoy Corp., 19345 John R. St., 
Detroit 3, Mich. 

A, B, D (2) 

Washington Machinery & Supply Co., 
W. 9 Cataldo Ave., Spokane 1, Wash. 
A (1, 2, 3, 4, 5) 

Waukesha Foundry Co., Lincoln Ave., 
Waukesha, Wis. 

A, B (1, 2, 3, 4, 5) 
(See Ad, Page 111) 

Waunakee Alloy Casting Corp., 201 Madi- 
son St., Waunakee, Wis. 
A, C (I, 2, 3, 4, 5) 

Weir Machine & Foundry Co. Inc., Plano, 
Ill 


A, C (4) 

The Western Automatic Machine Screw 
Co., 377 Woodland Ave., Elyria, Ohio 
B (1) 

Westinghouse Electric Corp. Box 128, 
Blairsville, Pa. 

F (1) 

Westlectric Castings Inc., 2040 S. Cam- 
field Ave., Los Angeles 22, Calif. 
A, C (1, 2, 3, 4, 5) 

Wisconsin Centrifugal Foundry _Inc., 
Waukesha, Wis. 

G (1, 2, 3, 4, 5) 

Wisconsin Centrifugal Foundry Inc., Wau- 
keshau, Wis. 
G (1, 2, 3, 4, 5) 

Worthington Corp., Harrison Div., 401 
Worthington Ave., Harrison, N. J. 

A (I, 2, 3, 4, 5) 


Heat-Resistant Steel 
(ACI types) 


These castings are capable of sustained 
operation when exposed, either continuous- 
ly or intermittently, to operating tempera- 
tures that create metal temperatures in ex- 
cess of 1200 F. 


Adirondack Steel Castings Co. Inc., Wa- 
terviiet, N. Y. 

A, C (1, 2, 3, 4, 5) 

The Akron Standard Mold Co., Lectro- 
melt Casting Div., 240 E. Huston St. 
Barberton, Ohio 
A, C 


Alloy Foundries, Div. of The Eastern Co., 
112 Bridge St., Naugatuck, Conn. 

A, B, C (1, 2, 3, 4) 

Alloy Steel Casting Co., County Line Rd. 
& Pennsylvania Turnpike, Southamp- 
ton, Pa. 

A, F (1, 4) 
(See Ad, Page 122) 
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SERVICE FOUNDEHYT 


Chances are that you have us in mind as specialists in 
marine components and sugar machinery. It’s a fact that 
our reputation was built on serving these fields, and we 
continue to do a large volume in them. What we would 
like to tell you is that we've expanded our facilities over 
the years to the point of extreme capability in electric fur- 
nace steel castings of medium and high carbon content, 
semi-steels in our iron foundry, and aluminum, monel and 
the various alloys of brass and bronze in our non-ferrous 
foundry. Our machine shop is equipped with some of 
the largest and most diversified tools in the South— 
rounding out our complete foundry facilities. 


Service Foundry would like to work for you. Your inquiry 
will bring a prompt, definite reply. 











« division of AVONDALE SHIPYARDS, INC. 
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SERWViICE FOUNDHY 
416 ERATO ST. -JAckson 2-3836- NEW ORLEANS 13, U.S.A. 
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READY TO SHIP 
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4 
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PHONE + WIRE + WRITE 


ollrath:. 


FOUNDRY DIVISION 
Dept. MD, Sheboygan, Wis. 
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| Carondelet ae 
t. 


| Castin, 


Columbiana Foundry Co., 


— 


Arwood Corp., 3037 S. Vail Ave., Los 
les 22, Calif. 
B, E, F (1, 2, 3) 


(See Ad, Page 121) 


Arwood CoP 321 W. 44th St., 
York 36, N 
B, F (3) 


New 


(See Ad, Page 121) 

Atlas Foundry & Machine Co., 3012 S. 
Wilkeson St., Tacoma 1, Wash. 

A, C () : 

Austenal Inc., Div. of Howe Sound Co., 
1110 E. Lincolnway, LaPorte, Ind. 

F (1, 2) 

Austenal Co., Div. of Howe Sound Co., 
Microcast Products, 230 Park Ave., New 
York 17, N. Y. 

F@G 


aaa) & Wilcox Co., Barberton, Ohio 
) 
Beaver Valley Alloy Foundry Co., Atlan- 
tic Ave. Ext., Monaca, Pa. 
A @) 
Bethlehem Steel Co., Bethlehem, Pa. 
A, C G, 4, 5) 
Blaw Knox Co., Foundry & Mill Machin- 
ery | aaa 300 Sixth Ave., Pittsburgh 


22, Pa. 
A, B, C (1, 2, 3, 4, 5) 
Inc., 6237 Penn Ave., South Min- 
7h Minn. 
F 


Calumet Steel Castings Corp., 1636 Sum- 
mer St., Hammond, Ind. 
A, C (1, 2, 3, 4) 
.. 2101 S. Kings- 
highway Blvd Louis 10, Mo. 


A, C (1, 2, 3, 4, 5) 


| Casting sano Div. of Consolidated 


& Mig. Corp., 2323 N. Bos- 
worth Ave., Chicago 14, Ill. 
F (1, 2) 
Engineers Inc., Div. of Consoli- 
dated Foundries & ee 615 W. 
13lst St., New York Le 
B, D, F, G (1) 
Lisbon Rd., 
Columbiana, Ohio 
A, C (1, 2, 3, 4) 
ht Corp., Metals Processing 
Div., 770 Northland Ave., P. O. Box 13, 
Buffalo 15, N. Y. 
A, B, C, D, E, G (1, 2, 3, 4, 5) 
Dodge Steel Co., 6501 State Rd., Phila- 
deiphia 35, Pa. 
(1, 2, 3, 4) 


(See Ad, Page 120) 
ee Co., 201 Middlesex St., 


N. J. 
A. B al, 2 3, 4, 5) 
Duriron Co. Inc, 450 N. Findlay St. 
Dayton 1, Ohio 
A G) 
Zlectronicast, Div. of Nilsen Mfg. Co., 21 
- Church St., Addison, III. 


Har- 


— =: ng | wae Inc., P. O. Box 139, 

ing 
A, B, c . 2 3, 4, 5) 

5 Casti Inc., 405 S. Linden 

all, Mi ich. 

A, B Cc dl, 2, 3, 4) 

Erie Forge & Steel Corp., 
St., Box 180, Erie 1, Pa. 
A G) 

Esco Corp., 2141 N.W. 25th Ave., Port- 
land 10, Oreg. 

A, B, C () 

The Fisher Cast Steel Products Co., 12 E. 
Town St., West Jefferson, Ohio 
A, B, C G) 

General Metals Co., 5701 S. Boyle Ave., 
Los Angeles 58, Calif. 

A (6) 


1341 W. 16th 


General Metals Corp., P. O. Box 2496, 
po Annex, Los Angeles 54, Calif. 

Gray-Syracuse Inc., W. Seneca St., 
lius, N. Y. 
F (1) 

Grede 


Man- 


Foundries Inc., Liberty Div., 
W. State St., Milwaukee, Wis. 
A, B, C (1, 2, 3, 4, 5) 
Hanford Foundry Co., 119 S. Arrowhead 
Ave., San Bernardino, Calif 
A, Cc i, 5) 
Harcast Co., 620 E. Glenolden Ave., Glen- 
olden, Pa. 
F (1) 
Hitchiner Mfg. Co. Inc., P. O. Box 232, 
Milford, N. H. 
F (1, 2, 3) 
(See Ad, Page 110) 
Independent Steel Casting Co., P. O. Box 
157, New Buffalo, Mich. 
F (1) 
Investment Casting Co., 60 Brown Ave., 
porened, N. J. 
(1) 


6432 


Investment Casting Co., Saegerstown Rd., 
rae Pa. 
( 


come Cylinder Co., 
co 36, Pa 


7401 State Rd., 


Kay -Brunner Steel Products Inc., 999 Meri- 

ian Ave., Alhambra, Calif. 
A, C, G ( i, 2, 3, 4) 

Kolcast Industries, Div. of Thompson 
Ramo Wooldridge Inc., Box 250, Min- 
erva, Ohio 
F (1, 2, 3, 4) 

Latrobe Foundry Machine & Supply Co., 
P. O. Box 431, Latrobe, Pa. 

A, C (1, 2, 3, 4, 5) 

Latrobe Steel Co., 2626 Ligonier St., Lat- 
robe, Pa. 

E (1, 2, 3, 4, 5) 

Lebanon Steel Foundry, Lebanon, Pa. 
A, B, E, F, G (S) 

Liebros Casting Co., 39-30 Review Ave., 
Long Island City, N. Y. 

F, G (1) 

Midwest Alloys Inc., 45 Hunter St., St. 
Louis 24, Mo. 

A, B, C (4) 

Midwest Precision Castings Co., 10703-09 

incy Ave., Cleveland 6, Ohio 
» G (to 50 Ib) 

Minneapolis Electric Steel ones. Re 

al Fifth St. N.E. Minneapolis 21, 


xX Ci (1, 2, 3, 4) 

Misco Precision Casti 
Howe Sound Co., 11 
Whitehall, Mich. 

F (1, 2) 

M & M Precision Casting Inc., P. O. Box 

dae Mass. 


) 

National Malleable & Steel Castings Co., 
S. Dock St., Sharon, Pa. 

A (1, 2) 

Northern Precision Casting Co. Inc., 698 
Pine St., Burlington, Wis. 

F (1) 

The Ohio Steel Foundry Co., 1075 James 
St., Sob Cc Ohio 
A, B, G (1, 2, 3, 4, 5) 

Oklahoma Steel Castings Co., 
Peoria St., Tulsa, Okla. 

A, B G) 

Omni-Metal Castings Inc., 135 11th St., 
Brooklyn 15, N. Y. 

F, G 1) 

Pitts Steel Foundry 
Stee! dry Corp., 25th 
Railroad, McKeesport, Pa. 
A, B, C (4) 


Co., Div. of 
W. Gibbs St., 


1200 N. 


., Fort Pitt 
t. B. & O. 
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Precision Castparts Co., 4600 S.E. Har 
ney Drive, Portland 6, Oreg. 
F (1, 2, 3, 4 

Precision Metalsmiths Inc., 108] E. 200th 
St., Cleveland 17, Ohio 
F (i, 2) 

Ross-Meehan Foundries, 160] Carter St., 
Chattanooga 1, Tenn. 
A, B, C (5) 

Frank Roth Co. Inc., 4278 Park Ave., 
New York 57, N. Y. 

B, E, F, G (1) 

St. Louis Steel Casting Inc., 100 Mott St., 
St. Louis 11, Mo. 

A 6) 

Sandusky Foundry & Machine Co., W 
Market St., Sandusky, Ohio 
G 6) 

Scott Casting & Mfg. Corp., Fourth St. & 
Cannon Ave., Lansdale, Pa 
F (1) 

Service Foundry, Div. of Avondale Ma- 
rine Ways Inc., 416 Erato St., New 
Orleans 13, La. 


A (5) 


(See Ad, Page 113) 


H. J. Sherwood Inc., 16601 Euclid Ave., 
Cleveland 12, Ohio 
A, B, F (1, 2) 

Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 
A, C (1, 2, 3, 4,5) 

Stanley Foundries, 6009 Santa Fe Ave., 
Huntington Park, Calif 
A (4) 

Symington-Wayne Corp., Symington Div., 
2 Main St., Depew, N. Y 
A, C (1, 2, 3, 4, 5) 

(See Ad, Page 119) 


Tectron Inc., 650 N. Robertson Blvd., 
Los Angeles, Calif 
F (i, 2) 

Texas Centrifugal Casting Co., P. O. Box 
3645, Temple, Tex 
G (I, 2, 3, 4, 5) 

Texas Foundries Inc., Box 180, Lufkin, 
Tex. 
A, B, C (1, 2, 3, 4, 5) 

Thompson Ramo Wooldridge Inc., 1455 
E. 185th St., Cleveland 10, Ohio 
B (1) 

Uniteast Corp., P. O. Box 4007, Station 
E, Toledo 9, Ohio 
A, B, C, (1, 2, 3, 4, 5) 

U. S. Pipe & Foundry Co., Steel & Tubes 
Div., Burlington, N. J. 
D, G (4, 5) 

The Vollrath Co., Foundry Div., 1236 N 
18th St., Sheboygan, Wis 
A, C, G (1, 2, 3, 4) 

(See Ad, Page 114) 


Vulcan Steel Foundry Co., 2934 Ford St., 
Oakland 1, Calif 
A, B, C G) 

Washington Machinery & Supply Co., 
W. 9 Cataldo Ave., Spokane 1, Wash. 
A (1, 2, 3, 4, 5) 

Waunakee Alloy Casting Corp., 201 Madi- 
son St., Waunakee, Wis. 

A, C (I, 2, 3, 4, 5) 

Westinghouse Electric Corp., Box 
Blairsville, Pa. 

F (1) 

Westlectric Castings Inc., 2040 S. Ca 
field Ave., Los Angeles 22, Calif 
A, C (1, 2, 3, 4, 5) 

Wisconsin Centrifugal Foundry Inc., 
Waukesha, Wis. 

G (I, 2, 3, 4, 5) 

Worthington Corp., Harrison Div., 40! 
Worthington Ave., Harrison, N. ] 
A (1, 2, 3, 4, 5) 
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Ductile Iron 
Meehanite“ 
cis Mi igels 
Ductile Ni-Resist 
Ni-Resist 
Ni-Hard 


Pile) Zo M igela. 





71551 LINCOLN AVENUE + HAMILTON, ONIO + TWinereek 6- 74861 
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Post-Forming: New Way to Bigger Savings 
with Malleable Castings 


The ductility of Malleable iron castings permits use of | only with ferritic and pearlitic Malleable castings. 
high-speed forming techniques to finish Malleable parts For a fuller understanding of how Malleable can help 
at lower cost. Take advantage of the versatility you get you, call any producer that displays this symbol 


MEMBER 


Free Folder describing these techniques is available 
for your use. Just ask any member of the Malleable 
Castings Council for Data Unit No. 116, or write to 
Malleable Castings Council, Union Commerce Building, 
Cleveland 14, Ohio. 





Get the most for your metais doliar...get 


CONNECTICUT 
Connecticut Mall. Castin: 
Eastern Malleable Iron 


DELAWARE 
Eastern Malleable Iron Co., Wilmington 99 


ILLINOIS 

Central Fdry. Div., Gen. Motors, Danville 

Chicago Malleable Castings Co., Chicago 43 

Moline tron Works, Moline 

Moline Malleable Iron Co., St. Charles 

National Mail. and Stee! Castings Co.. 
Cicero 50 

Peoria Malleable Castings Co., Peoria | 

Wagner Castings Company, Decatur 


INDIANA 
Albion Malleable ron Company, 
Muncie Division, Muncie 


Link-Belt Company, Indianapolis 6 


Co., New Haven 6 
0., Naugatuck 


1961 Edition 


National Mall. & Steel Cain & — 
ianapolis 


1OWA 
lowa Malleable tron Co., Fairfield 


masehenecerts 
her Malleabie Iron Co., Easton 


aan N 

Albion Malleable tron Co., Albion 

ities Mfg. Co., Saint Joseph 
Hieable tron Co., Cadillac 
Central Fdry. Div., Gen. Motors, Saginaw 


MINNESOTA 
Northern Malleable tron Co., St. Paul 6 


MISSISSIPPI 
Mississippi Malleable tron Co., Meridian 


NEW HAMPSHIRE 
Laconia Malleabie Iron Co., Laconia 





NEW YORK 
Acme Steel & Mail. tron Works, Buffalo 7 
Frazer & Jones Company Division 

Eastern Malleabie Iron Co., Solvay 
Oriskany Malleable tron Co., Inc., Oriskany 
Westmoreland Mall. Iron Co., Westmoreland 


OHIO 

American Malleable Castings Co., Marion 
Central Fdry. Div., Gen. Motors, Defiance 
Dayton Mall. tron ‘Co., goatee div. \ opens 
Dayton Mall. tron Co., Ohio Mali 


tum us 16 

Nationa! Mall. and Steel Castings 
‘ovitend 6 

PENNSYLVANIA 
Buck tron Company, Inc., Philadelphia 22 
Erie Malleable tron Co., Erie 
Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 
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A ee ee 8 


Meadville Malleable Iron Co., Meadville 
Pennsylvania Malleable iron Corp., Lancaster 


TEXAS 
Texas Foundries, Inc., Lufkin 


WEST VIRGINIA 
West Virginia Mail. iron Co., Point Pleasant 


WISCONSIN 
Belle City Malleable tron Co., Racine 
Chain Belt Company, Milwaukee | 
Federal Malleable pany, lnc. 
West Allis 14 
Kirsh Foundry Inc., Beaver Dam 
Lakeside Malleable Castings Co., Racine 
Milwaukee Malleable & Grey Iron Works, 
Milwaukee 46 





Other 


Listings here are special analyses iron- 
base alloys that are available in castings. 


Acme Foundry Co., 3161 Hiawatha Ave., 
Minneapolis 6, Minn 
Alloy iron—A, C (5) 

American Brake Shoe Co., American Man- 
ganese Steel Div., Fourth & Wazee Sts., 
Denver 4, Colo. 

Manganese steel—A, C (i, 2, 3, 4, 5) 
Alloy steel—A, C (1, 2, 3, 4, 5) 

American Brake Shoe Co., Electro Alloys 
Div., Taylor St. & Abbe Rd., Elyria, 
Ohio 
Heat resistant alloy—A, B, C, D, G (5) 

American Laundry Machinery Industries, 
, of McGraw-Edison Co., 50 Sherer 

Rochester, N. Y 
Siechenieenh. B ti. 2 2, 3, 4, 5) 

American Manganese Steel Div., Ameri- 
can Brake Shoe Co., New Castle, Del. 
Manganese steel—A (5) 

American Steel Foundries, 
Plaza, Chicago 1, Ill. 
A, B, D (i, 2, 3, 4) 

Amsco Div., American Brake Shoe Co., 
850 Ferry St., Oakland 7, Calif. 
Manganese steel—A (5) 

Beaver Valley Alloy Foundry Co., Atlan- 
tic Ave. Ext., Monaca, Pa. 

Alloy iron—A (5) 

Bonne Terre Foundry Co., 615 Grove St., 
P. O. Box 107, Bonne Terre, Mo. 
Chrome-moly hard iron—A (5) 

Calumet Steel Castings Corp., 1636 Sum- 
mer St., Hammond, Ind. 

Zeuescal abrasion resistant alloy—A, C 


(I, 2, 3, 4) 


Prudential 


Camden Foundry Co., Delaware Ave. & 
Elm St., Camden, N. J. 

Kirksite—A (5) 

Carondelet Foundry Co., 2101 S. Kings- 
highway Blvd., St. Louis 10, Mo. 

Tool and die steel—A, c€d7,23495 

Cascade Casti Co., P. O. Box 1605, 
Yakima, Wash. 

Ni-Hard—A, C (1, 2, 3, 4) 

Centrifugal Casting Div., The Shenango 
Furnace Co., W. Third St., Dover, Ohio 
Ni Resist—G (2, 3, 4, 5) 

The Decatur Casting Co., 
Ave., Hamilton, Ohio 
Alloy iron—A (1, 2, 3) 

Dibert, Bancroft & Ross Co., Ltd., P. O. 
Box 490, 3400 Tulane St., New Orleans 


l, La. 
Low-alloy iron—A, C (1, 2, 3, 4, 5) 
Eagle Iron Works Inc., 129 E. Holcomb 
Ave., Des Moines 4, lowa 
Ni-Hard iron—A (5) 
Electronicast, Div. of Nilsen Mfg. Co., 
21 N. Church St., Addison, III. 
High cobalt alloy—F 
Engineered Alloy Found 
craft Way, Berkeley, Calif 
Ni-Hard—A (5) 
Engineering Castings Inc., 405 S. Linden 
St., Marshall, Mich. 
White iron alloyed—A (1) 
The Francis & iNygren Foundry Co., 2542 
Fillmore St., Chicago 12, Ill. 
Alloyed semi-steel—A, C (1, 2, 3, 4, 5) 
General Iron Works Co., P. O. Box 2490, 
S. Elati & Bates Sts, Denver 1, Colo. 
Meehanite—A (1, 2, 3, 4, 5) 
General Steel ae Corp., 1417 State 


St., Granite City, Il 
Austenitic manganese—C (2, 3, 4, 5) 


1551 Lincoln 


Co., 703 Ban- 


LET US HELP YOU... 


f 


QUALITY 
CASTINGS 


Grand Rapids Foundry 


© REDUCE WEIGHT 
@ INCREASE PERFORMANCE 
© REDUCE COST 


When you select metal for cast parts which call for 
rigidity and strength beyond the limits of Gray Iron 
— let us help you design for Ductile (castings up to 
10,000 Ibs.). We offer design engineering, labora- 
tory facilities, and quality controlled production. 


The punch press frame section (B) re- 


designed 


for 80-60-03 Ductile Iron uses 


only 45% material with equal strength. 


538 BOND AVE., 


N.W., GRAND RAPIDS 2, MICH. 
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Hamilton Foundry Inc. 1551 Lincoln 
Ave., Hamilton, Ohio 
Ni Resist—A, C (4, 5) 
(See Ad, Page 115) 
Hardinge Mfg. Co., 240 Arch St., York, Pa. 
wry Cc & ) 
Hi-Hard—A, C (5) 
Haynes Stellite Co., Div. of Union Car- 
bide Corp., Kokomo, Ind. 
Stainless steels—F (1) 
Investment Casting 
Meadville, Pa. 
Super alloys—F (1) 
Koleast Industries, Div. of Thompson 
Ramo Wooldridge Inc., Box 250, Min- 
erva, Ohio 
Vacuum alloys—F (1, 2, 3, 4) 
Latrobe Foundry ine & Supply Co., 
P. O. Box 431, Latrobe, Pa. 
Heat and wear resisting cast irons— 
A, C (1, 2, 3, 4, 5) 
Latrobe Steel Co., 2626 Ligonier St., La- 
trobe, Pa. 
Heat and wear resistant—E (1, 2, 3, 
.» 2925 E. 49th St., 


., Saegerstown Rd., 


4,5 

Lincoln Fou 
Los Angeles 58, Calif. 
Meehanite—A, 'C (5) 

H. C. Macaulay Foundry Co., 811 Carl- 
ton St., Berkeley 10, Calif. 

Ni-Hard—A, C (I, 2, 3, 4, 5) 

Oak Hill Foundry & Machine Works Inc., 
333 S Front St., Oak Hill, Ohio 
Ni-hard and alloy—A, C (5) 

= Steel Foundry Co., 2531 N.W. 

th Ave., Portland 10, Oreg. 
Manganese steel—A, C (I, 2, 3, 4, 5) 

Overmyer Mould Co. Inc., 108 Railroad 
Ave., Winchester, Ind. 

Stainless steel—A, C (1, 2 

Pacific Southern Foundries Inc., c/o Pa- 
cific Valves Inc., 3201 Walnut Ave., 
Long Beach 7, Calif. 

Abrasion resistant irons—A, B, C, D (5) 

Pitts h Metallurgical Co., 3801 High- 
land Ave., Niagara Falls, N. Y. 

Ferro alloys—A, B, D 

Queen City Foundry, Corner Hill & Ce- 
dar Sts., Charlotte 1, N. C. 
Meehanite—A, C (1, 2, 3, 4, 5) 

Quincy Foundry Inc., Quincy, Ohio 
Abrasion reseistant—A (I, 2, 3) 

Rosedale Foundry & Machine Co., 1731 
Preble Ave., Pittsburgh 33, Pa. 
Meehanite—A (2, 3, vi 5) 

Frank Roth Co. Inc., 4278 Park Ave., 
New York 57, N. Y. 

Rothite—B, E, F, G 

Sibley Machine & Foundry Corp., 208 
E. Tutt St., South Bend 23, Ind. 
White iron—A (2, 3, 4) 

Somerset Foundry & Machine Co., 809-3! 
S. Edgewood Ave., Somerset, Pa. 
White iron—A (1, 2, 3, 4, 5) 

Sonith Foundries, 50 Shelby St., 
Indianapolis, Ind. 
Meehanite—A (5) 

Texas Foundries Inc., Box 180, Lufkin, 


Tex. 

Pure-Ni—A, B, Avs 2, 3, 4, Py. Free 

machining—A, B. Cc (il ’ 2, 3, 4 4, 5) Su- 

per alloys—A, B, C (1, 2, 3, 4, 5) 
Waukesha Foundry Co., Lincoln Ave., 

Waukesha, Wis. 

Austenitic, ferritic and martensitic stain- 

less steels—A, B (1, 2, 3, 4, 5) 

(See Ad, Page 111) 


Westinghouse Electric Corp. Box 128, 
Blairsville, Pa. 
Magnetic alloys—F (1) 

White Machine Works Inc., 1401 Bellevue 
Ave., Eau Claire, Wis. 
Ni-Resist—A (3) 

Worcester Foundry Co. Inc., 180 Prescott 
St., Worcester 5, Mass. 
Hard iron—A (5) 


Box 988, 
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PRODUCERS OF HIGH QUALITY CASTINGS 
FOR OVER 6O YEARS 


[] ELECTRIC AND OPEN HEARTH FURNACES 


For production of Carbon, Low & High Alloy, & Stainless Steel 
... Corrosion, Heat & Abrasion Resistant Cast Iron. 


[] WEIGHT RANGE 3 to 30,000 POUNDS 
[] EXPERIENCED WORKMANSHIP 


Trained men skilled in supervising the art of steel making. 


[] COMPLETE CONTROL 


Men & machines maintaining quality from start to finish. 


[] RESEARCH & ENGINEERING 


Devoted to producing better castings. 
[] COMMERCIAL TESTING LABORATORY 
[] COMMERCIAL HEAT TREATING 


[] COMPLETELY EQUIPPED CHEMICAL AND PHYSICAL 
TESTING LABORATORIES 


OVMING LON WAYNE CORPORATION 


SYMINGTON DIVISION WORKS: DEPEW, NEW YORK . 


NEW YORK ¢ CHICAGO ¢ BOSTON ¢ PHILADELPHIA ¢ SAN FRANCISCO e ST. LOUIS 
IN CANADA: ADANAC SUPPLIES LTD., MONTREAL, QUE. 
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The design and manufacture of quality stain- 
less steel castings is a specialized job . . . and 
Dodge specializes in it! 

There is practically no limit to the variety 
of shapes we can turn out to meet your 
simple or intricate specificatiors precisely 
... economically. 


Perhaps one or more castings shown 
here will help spark an idea of how Dodge can 


THE MOST IMPORTANT ALLOY IN A [STAINLESS] STEEL CASTING IS QUALITY 


Circle M-10 on Page 97 


be of assistance for your stainless steel casting 
needs. A blueprint or sketch with operational 
details will bring complete information, with- 
out obligation. 


DODGE STEEL COMPANY 


6501 State Road 
Philadelphia 35, Pa. 


© Phone: DEvonshire 2-2200 


Macuine Desicn—Tue Ferrous Merats Boox 





Because we've always 
welcomed “‘little”’ jobs, too— 


We’ve become 
the biggest in the 
investment 
casting field... 


No investment casting job has ever been or ever will 
be too small for us. 

WE DON’T HAVE ANY “SIDELINES,” nor is invest- 
ment casting only a sideline with us. It is the “be-all 
and end-all” of our economic existence. 


AS A RESULT: anybody who thinks that an invest- 
ment casting will help him solve a problem gets the 
unqualified attention of the top talent we have to 
offer—from our trained field engineers, our design 
engineers, our estimating staff, our tooling men, 
and our production specialists. No one of these 
groups cares whether your order is for 50 parts or 
100,000. If they accept the order, they want it 
handled to or above “specs”. 


WHY? SIMPLY BECAUSE THESE MEN ARE DEDI- 
CATED to producing the finest that the process can 
deliver in any design, in any castable alloy and in 
quantities so small that it might surprise you. 
THEIR ATTITUDE IS FAR FROM PHILAN- 
THROPIC; they realize full well that your “little 
ones” May soon grow up. 


ARWOOD IS READY WHEN THEY DO... more so 
than any other investment caster. In fact, we can 


Machine the simple... cast the complex 


A complete service from design through tooling, 
production ond finish machining. Seventy - one 
engineering representatives from coast to coast. 


take in stride all the volume that’s required. Our 
five plants, each fully integrated, can handle the 
biggest job you can offer. 


ONCE THE PROTOTYPE PHASE IS COMPLETED, 
Arwood can give you the quantity production you 
need, and deliver it when you need it. 


WHAT MORE CAN WE SAY? Simply this. Most 
“difficult” components, no matter what the alloy or 
quantity, might well be produced as an Arwood 
investment casting ... and THE COST IS OFTEN 
EXTREMELY LOW, compared with conventional 
methods. 


ON THE OTHER HAND, IF WE CAN’T DO IT— 
and do it economically—we’ll be the first to tell you 
so immediately. We’d rather lose an order than a 
customer. Try us and see. 





ARE YOU REALLY UP-TO-DATE ON WHAT 
INVESTMENT CASTING CAN DO? Our 48-page 
“Practical Guide” gives forthright answers... tells 
how to design for the process, gives complete tables 
on properties. It’s yours for the asking. 


arwood -‘ 


ARWOOD CORPORATION «+ 315 West 44th Street, New York 36, New York 


PLANTS IN BROOKLYN, N. Y.; TILTON, N. H.; GROTON, CONN.; LOS ANGELES AND LA VERNE, CALIF, 


1961 Edition 
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GRS CUSTOM FOUNDRY 


AND 
FORGE FACILITIES 


GRAY IRON & STEEL 


Modern 1% and 3-ton electric-arc furnaces 
for melting steel and iron to your specifica- 
tions. Sand castings in carbon steel, low alloy 
steel, and gray iron. Ferrous castings in pro- 
duction lots ranging in weight from several 
ounces to 1800 pounds, after cleaning. Shell 
core as well as core blowing facilities. Tem- 
perature control. Selective or complete hard- 
ening. Heat treatment to specifications. Com- 
plete metallurgical, chemical and mechanical 
laboratories for property, structural, and 
chemical analyses. Magnaflux and X-ray in- 
spection. Certification of specifications on 
request. 


FORGINGS 


Carbon, alloy, and stainless steel, with heat 
treatment to specifications. Production rang- 
es from small parts up through the capacities 
of the 1400-pound board drop hammer, to the 
2500- and 4000-pound steam hammers. Up- 
setting equipment ranges from 1% inches to 
2\% inches. Induction-heating to 25-pound 
capacity. Ferrous forgings to 40-pound ca- 
pacity. Bending facilities. 


SERVICES 


In addition, we produce nonferrous castings 
up to 600 pounds after cleaning. Complete 
facilities for handling any of the standard or 
special brass, bronze, and aluminum alloys. 
Instrument temperature control in all phases. 
Facilities for heat treatment of aluminum 
and bronze alloys. Bronze forgings. 


Development work gets the same careful 
attention as production lots. Complete sup- 
plementary services—engineering advisory 
service, pattern making, cleaning, machining, 
painting and plating. You can choose any or 
all of these services. 


For complete information, contact: 


FOUNDRY DIVISION 


GENERAL RAILWAY 


SIGNAL COMPANY 


ROCHESTER 2, NEW YORK 
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BUY GRAY IRON ... BUT 


ONLY WHAT YOU NEED 


With their AZCAST process, Swayne, Rob- 
inson & Co., is able to hold core dimensions 


and form with the greatest of faithfulness. 


Result? You buy only the materials you need 
for proper strength and appearance. In 
cases where internal cavities require any 


machining at all, a mere skin cut is sufficient. 


Be sure to keep up with the latest develop- 


ments in the foundry industry. 


THE MOLD MARK -s OF QUAIITY 


WRITE 


SWAYNE, ROBINSON & CO. 


214 MAIN ST., RICHMOND, INDIANA 
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Stainless Steel Castings 


@ sand or shell castings of corrosion, heat 
resistant stainless steels, Hastelloys, and 
other high alloys 


@ precision castings (ferrous and non-ferrous) 


@ true specifications on castings from 
a fraction of an ounce to 750 Ibs. 


@ prompt service and delivery 
Our well-equipped foundry is located on the turnpike 
in suburban Philadelphia, ready to answer your 
immediate needs. Seven modern induction furnaces, 
a pattern shop, core processing equipment, heat 
treating facilities—all stand ready to give fast serv- 
ice. Quotations quickly made. Call— 


Alloy Steel Casting Co. 


501 County Line Road, Southampton, Pa. © Elmwood 7-1565 
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Special Analysis 
Ferrous Metals 





HIS section comprises those iron-base materials to which certain alloy- 

ing elements have been added, or special heat-treating techniques applied, 
to produce an alloy with special physical or mechanical characteristics. Some 
materials included in this section are proprietory and the manufacturer 
should be contacted to obtain detailed data for a given type. 

Materials listed here are available in basic forms, defined by a letter 


code as follows: 


. Bar 
. Billet 
. Foil 
. Ingot 
. Plate 
. Powder 


. Pipe 


Ingot and Wrought Iron 


Wrought iron is a commercial iron 
consisting of slag (iron silicate) fibers 
entrained in a ferrite matrix. In cast 
ingot form it is suitable for working 
or remelting. 


Acme-Newport Steel Co., 9th & Lowell, 
Newport, Ky. 
D 


— Steel Corp., Butler, Pa. 


Armco Div., Armco Steel Corp., 703 Cur- 
tis St., Middletown, Ohio 
A, B, J, K 


A. M. Byers Co., South Side Works, Sixth 
2 Bingham, Box 1076, Pittsburgh 30, 
a. 
A, B, E, G, K,M 


Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Electric Wire Co. Inc., 
Northampton, Mass. 
N 


122 Federal St., 


Griffin Wheel Co., 7155 Kaw Drive, Box 
4, Muncie, Kans. 


Hempfield Foundries Co., 
St., Greensburg, Pa. 
D 


Industrial Forge & Steel Co., 1502 Allien 
Ave. S.E., Canton 1, Ohio 
B, D 


Inland Steel Co., 30 W. Monroe St., Chi- 
cago 3, Il. 
D 


1075 S. Main 
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I. Rod 

J. Sheet 

K. Strip 

L. Structural shapes 
M. Tubing 

N. Wire 


Kaiser Steel Corp., 300 Lakeside Drive, 
Oakland 12, Calif. 


D 
Laclede Steel Co., Alton Works, P. O. Box 


Latrobe Steel Co 
trobe, Pa. 
A, B, D, I 

Lukens Steel — 453 Services 
mea 


Merritt-Cha man & Scott Corp., Milton 
a ucts Div., 230 Lower Market 
, Milton, Pa. 


D” 
Rodney Metals Inc., 1357 Rodney French 
Blvd., New Bedford, Mass. 


C, K 
St. Clair Foundry & Mfg. Co., 700 Wil- 
son, Centralia, Ill. 


L 
Superior Tube Co., P. O. Drawer 191, 


Norristown, Pa. 


M 

U. S. Steel Corp., 525 William Penn 
Place, Pittsburgh 30, Pa. 
A, B, D, E, G, I, J, K, L, M, N 

Van Huffel Tube Corp., Deitz Rd., War- 
ren, Ohio 
M 


* 2626 Ligonier St., La- 


Bidg., 


Magnetic Steels 


These steels have a composition render- 
ing good magnetic properties. Although 
they do not have the superior qualities 
of the non-ferrous magnetic alloys, the 
low cost and relative ease with which 
the magnetic steels can be shaped account 
for some continuing use. 


Armco Div., Armco Steel Corp., 703 Cur- 
: Bj ie Ohio 


The Carpenter Steel Co., Metallurgical 
ay Ol W. St., Reading, Pa. 
D, I, K, M, 
ones Steel & Forge Co., 1494 67th St., 
| weatenes Oakland 8, Calif. 


Crucible Steel Co. of America, Four Gate- 
ko Center, oe 22, Pa. 


J, K, 
Elecerte Wie Co. Inc., 122 Federal St., 
Northampton, Mass. 


A. Finkl & Sons Co., 2011 Southport Ave., 
Chicago 14, Ill. 
. D 
General Sintering Corp., 3907 Wesley 
Terrace, Schiller Park, Ill. 
4 


The Glidden Co., Metals Dept., 101 Bridge 
a Johnstown, Pa. 


Lukens Steel Co., 453 Services Bldg., 
cae Pa. 


Midvale-H nstall Co., Nicetown, Phila- 
. >. , Pa. 


a. a Steel Corp., Steel & Tubes Div., 
_— 8, Ohio 


nae Metals Inc., 1357 Rodney French 
Blvd., New Bedford, Mass. 
C, K 
Simonds Saw & Steel Co. Inc., Steel Mill 
Div., Lockport, N. Y 
B, D, E,J, K 
U. S. Steel Corp., = William Penn 
Place, Pittsburgh 30, P 
A, B, D, E, G, L, J, K. & M, N 


Phar des Cyclops Steel Corp., Bridgeville, 


Pa. 
A, B, D, I, J, K, N 

Vanadium-Alloys Steel Co., P. O. Box 151, 
Latrobe, Pa. 
A, B, D, F, I, J 

Westinghouse Electric Corp., Box 128, 
Blairsville, Pa. 
A, B, E, I,J, K, M, N 


Electrical Steels 


These steels are silicon steel alloys with 
electrical! and physical characteristics suit- 
able for use in the construction of mo- 
tors, generators and transformers. 


Acme-Newport Steel Co., 9th & Lowell, 
— Ky. 


American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bidg., Cleveland 13, 
Ohio 
N 

Armco Steel Corp., 703 Curtis St., Mid- 
dletown, Ohio 


Ame Steel Corp., Butler, Pa. 
,K 
The Carpenter Steel Co., Metallurgical 
AE) O01 W. Bern St., Reading, 
D, I, K, M, N 
Crucible Steel Co. of America, Four Gate- 
hy | Center, a 22, Pa. 


General Sinterin 3907 Wesley Ter- 
a Schiller Park, a ih 


Inland Steel Co., 30 W. Monroe St., Chi- 
cago 3, Ill. 


, 





Jones & Laughlin Steel Corp., 3 Gateway 
7 a Pittsburgh 30, Pa 
»K 

Lukens Steel Co., 453 Services Bldg., 


Coatesville, Pa. 


Midvale-Heppenstall Co., Nicetown, Phil- 
om 40, Pa. 
B 


National Standard Co., Worcester Wire 
+ Soa Div., 70 James St., Worcester 3, 
ass. 


N 
Republic Steel Corp., Republic Bldg., 
leveland 1, Ohio 


J, K 
Sharon Steel Corp., S. Irvine Ave., Shar- 


U.S. Steel Corp., 525 William Penn 
Place, Pittsburgh 40, Pa. 
B, D, E, G, I, J, K, L, M,N 
Vanadium-Alloys Steel Co., P. O. Box 151, 
Latrobe, Pa. 
A, B, D, F, 1, J 
Westinghouse Electric Corp., Box 128, 
Blairsville, Pa. 


High-Manganese Steels 


An extremely tough nonmagnetic ailoy 
containing a high manganese content and 
characterized by high strength, high 
ductility and excellent resistance to wear. 


. American Brake Shoe Co., 6600 Ridge 
"tes St. Louis 14, Mo. 


American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg. Cleveland 
13, Ohio 
N 

Amsco Div., American Brake Shoe Co., 
Ferry St., Oakland 7, Calif. 


4s Co., Bethlehem, Pa. 

The Carpenter Steel Co., Metallurgical 
rae 101 W. Bern St., Reading, Pa. 

D, I, K, M, N 

Crucible Steel Co. of America, Sanderson- 
Haleomb Works, P. O. Box 977, Syra- 
cuse 1, N. Y. 
A, B, I, N 

Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 
A, B, DE 

Electric Wire Co. Inc., 122 Federal St., 
Northampton, Mass. 


Esco Corp., 2141 N.W. 25th Ave., Port- 
land 10, Oreg. 
Castings 

Manganese Steel Forge Co., Richmond St. 
& Castor Ave., Station E, Philadelphia 
+, Pa 
E, I, N 

(See Ad, Page 130) 

National Standard Co., Worcester Wire 
Works Div., 70 James St., Worcester 3, 
Mass. 

N 


Oregon Steel Mills, 5200 N.W. Front Ave., 
Portland 10, Oreg. 
A 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
E 


Sandusky Foundry & Machine Co. W. 
Market St., Sandusky, Ohio 
G, M 

Sharon Steel Corp., S. Irvine Ave., Sharon, 


a. 
B, D, K 
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Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 
B, D 

(See Ad, Pages 133 and 134) 

U. S. Pipe & Foundry Co., Steel & Tubes 

Div., Burlington, N. J. 


U. S. Steel Corp., South Works, 3426 E. 
89th St., Chicago 17, Ill. 
E 


A, 

U. S. Steel Corp., 525 William Penn 
poss, Pittsburgh 30, Pa. 
A, B, D, E, G, I, J, K, L, M,N 


Free-Machining Steels 


(Other than AISI Grades 11XX and 
12XX) 


These steels contain additions, such as 
lead and sulfur, to give small broken 
chips, lower power consumption, better 
surface finish and longer tool life in ma- 
chining operations. 


Alco Products Inc., 30 Church St., New 
York, N. Y. 
B, D, Forgings 

American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio 
A, B, IL. N 

Armco Div., Armco Steel Corp., 703 Cur- 
tis St., Middletown, Ohio 
A, B 

Bethlehem Steel Co., Bethlehem, Pa. 

se 

The Carpenter Steel Co., ~~ 
Dept., 101 W. Bern St., "Reading, 
A, B, D, I, K, M, N 

The Champion Steel Co., 30520 Lakeland 
Blvd., Willowick, Ohio 
A, B, D 

Copperweld Steel Co., Aristoloy Steel Div., 
Warren, Ohio 
A, B, D 

Copperweld Steel Co., Warren, Ohio 
A, B 


Copperweld Steel Co., The Ohio Seamless 
*Pabe Div., 132-140 "W. Main St., Shelby, 
Ohio 
M 


Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 
A, B, D 

Easton Metal Powder Co. P. O. Box 
Station “A”, Toledo 5, Ohio 
F 


Esco Corp., 2141 N. W. 25th Ave., Port- 
land 10, Oreg. 
Castings 

Ingersoll Steel Div., Borg-Warner Corp., 
s O. Box 273, New Castle, Ind. 


Inlend Steel Co., 30 W. Monroe St., Chi- 
cago 3, Ill. 
A, B, D, E 

Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa. 
A 

Chas. E. Larson & Sons Inc., 2645-55 N. 

Keeler Ave., Chicago 39, Ill. 

A 

Ham- 


LaSalle Steel Co., 1412 150th St., 


mond, Ind 


(See Ad, Page 127) 


Latrobe Steel Co., 2626 Ligonier St., Lat- 
robe, Pa. 
A, B, D 

Michigan Seamless Tube Co., 400 West 
es South Lyon, Mich. 


Kaiser Steel 
Oakland 12, 
A, B 


National Standard Co., 601 N. Eighth St., 
Mich. 


Cre. "y 300 Lakeside Drive, 


blic Steel Corp., Republic Bldg., 
_ 1, Ohio 


Republic x: Go. © Union Drawn Steel 
Div., P. , 401 Rose Ave. 

= E., Manttion che 

i 

Superior Tube Co., P. O. Drawer 191, 
Norristown, Pa. 


Timken Steel & Tube Div., The Timken 
= Bearing Co., Canton 6, Ohio 


(See Ad, Page 131) 

Tubular Products Div., The Babcock & 
Wilcox Co., Beaver Falls, Pa. 
G, L, M 

U. S. Pipe & Foun Co., Steel & Tubes 
Div.. Burlington, NY 

U. S. Steel Corp. South Works, 3426 
E. 89th St., Chicago 17, Ill. 
A 


U. S. Steel Corp., 525 William Penn 
Place, Pittsburgh 30, Pa. 
A, B, D, E, G, I, J, K, L, M, N 
Vanadium-Alloys Steel Co., P. O. Box 151, 
Latrobe, Pa. 
F 
Wheelock, Lovejoy & Co. Inc., 128 Sid- 
ney St., Cambridge 39, Mass. 
A, B, I 


High-Temperature Steels 


These steels are characterized by main- 
taining good operating characteristics when 
the temperature of the metal exceeds 
700 F. 


American Brake Shoe Co., Amforge Div., 
es S. Hoyne Ave., Chicago 8, Ill. 
American Steel & Wire 
Corp., Rockefeller Bldg., 

Ohio 
K, N 

Armco Div., Armco Steel Corp., 
tis St., Middletown, Ohio 
A, B, E, J, K 

i Steel Corp., Butler, Pa. 
,K 

eo & Wilcox Co., Barberton, Ohio 


Div., U. S. Steel 
Cleveland 13, 


703 Cur- 


es Steel Co., Bethlehem, Pa. 


The Carpenter Steel Co., Metallurgical 
Dept. 101 W. Bern St., Reading, Pa. 
A, B, D, I, K, M, N 

The Champion Steel Co., 30520 Lake- 
land y .. Willowick, Ohio 


Copperweld Steel Co., Aristoloy Steel Div., 
Warren, Ohio 
A, B, D 

Coulter Steel & Forge Co., 1494 67th St., 
ies Oakland 8, Calif. 


Crucible Steel Co. of America, Sanderson- 
Halcomb Works, P. O. Box 977, Syra- 
cuse I . . 2 
A, B, I 

Crucible Pad Co. of America, _ Gate- 
way Center, Pittsburgh 22, P 
A, B, D, N 

Electric Wire Co. Inc., 122 Federal St., 
aa, Mass. 
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Erie Forge & Steel Corp., 1341 W. 16th 
St., Box 180, Erie 1, Be 
— 


~ N. W. 25th Ave., Port- 
ey i0'G 
Castings 
Firth-Sterling Inc., 2201-3299 Demmler 
Rd., — rt, Pa. 
A, B, 
Firth DL pte 3113 Forbes Ave., Pitts- 
burgh 30, 
A, B, D, L K 
Ingersoll Steel Div., 
P. O. Box 273, New 
D, E, J 
Janney Cylinder Co., 7401 State Rd., Phil- 
adelphia 36, Pa. 
M 


arner Corp., 
~ Ind. 


Kelsey-Hayes Co., Vacuum Metals Div., 
New Hartford, N. Y. 
A, B, E, L J 

Koleast Industries, Div. of Thompson 
Ramo Wooldridge Inc., Box 250, Mi- 
nerva, Ohio 
A, B,D, L J, K 

Chas. E. Larson & Sons Inc., 2645-55 
N. Keeler Ave., Chicago 39, Ill. 

Latrobe Steel Co., 2626 Ligonier St., Lat- 
robe, Pa. 
A, B, D, I 

Lukens Steel Co., 453 Services Bldg., 
Coatesville, Pa. 
E 


Michigan Seamless Tube Co., 400 West 
tr South Lyon, Mich. 


Midvale-Heppenstall Co., Nicetown, Phil- 
adelphia 40, Pa. 
B, D 


National Standard Co., 601 N. Eighth St., 
Niles, Mich. 
N 

The Ohio Steel Foundry Co., 
St., Springfield, Chio 
M 


1075 James 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, P. 
D, E, G, M 

Republic Steel Corp., Republic 
Cleveland 1, Ohio 
A, B, D, E, G, I, J, K, M, N 

Rodney Metals Inc., 1357 Rodney French 
oe New Bedford, Mass. 


Bldg., 


Sandusky Foundry & Machine Co., W. 
Market St., Sandusky, Ohio 
G, M 

“1 Steel Corp., S. Irvine Ave., Sharon, 


4 'D, K 

Simonds Saw & Steel Co. Inc., Steel Mill 
Div., Lockport, N. Y. 
A, B, D, E, J 

Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 


” “Gee Ad, Pages 133 and 134) 


Texas Centrifugal Casting Co., P. O. Box 
3645, Temple, Tex. 
M 


Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 


A, B, M 
(See Ad, Page 131) 


Tube Reducing Corp., P. O. Box 959, 
Passaic, N. J. 
M 


Tubular Products Div.. The Babcock & 
Wilcox Co., Beaver Falls, Pa 
G, L, M 

U. S. Pipe & Foundry Co., Steel & Tubes 
Div., Burlington, N. J. 
B, G, M 


1961 Edition 


U. S. Steel Corp., South Works, 3426 E. 
89th * Chicago 17, Ill. 


A, EL 
U. S. oe. Corp., Gary Sheet & Tin 
Mill, P. O. Box 59, Gary, Ind. 


& K 
U. S. Steel Corp. 525 \ couneas Penn 
pens neat 30, 
BE D, E, G, aL J, K, LM 
Usha -Cyclops Steel a 


A, B, D, LJ, K,N 

Vanadium-Al joys Steel Co., P. O. Box 151, 
Latrobe, Pa. 
A, B, D, E, F, I, J, K, M,N 

Wall Tube & Metal Products Co:, New- 
port. Tenn. 


The Wallingford Steel Co., Valley St., 
Walli —_ Conn. 


C, G, 

Westinghouse Electric Corp. Box 128, 
Blairsville, Pa. 
A, B, D, E, J, K, N 

Wisconsin Wire Works, 1002 N. Meade, 
P. O. Box 767, Appleton, Wis. 


N 
Wyman-Gordon Co., 105 Madison St., 
 Saemcaoed 1, Mass. 


Bridge- 


Low Alloy, 
High-Strength Steels 


These steels have a low carbon con- 
tent and a high strength-to-weight ratio. 
They are used in the hot finished con- 
dition. 


Alan Wood Steel Co., Conshohocken, Pa. 
B, D, E, J. K 

American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Ill. 


A 

American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio 
I, K, N 

Armco Div., Armco Steel Corp., 703 Cur- 
tis St., Middletown, Ohio 
E, J, K 

Armco. Steel Corp., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Hous- 


Athenia Div., National-Standard Co., Clif- 
ton, N. J. 
K 


= a & Wilcox Co., Barberton, Ohio 


Bethlehem Steel Co., Bethlehem, Pa. 
A, B, E, I, J, K, L, N 

The Champion Steel Co., 30520 Lakeland 
Blvd., Willowick, Ohio 
A, B, D 

Co Id Steel Co., The Ohio Seamless 

ube Div., 132-140 W. Main St., Shelby, 

— 


Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of America, Sander- 
son-Halcomb Works, P. O. Box 977, 
Syracuse 1, N. Y. 

A, B, I, N 

Edgewater Steel Co., College & Allegheny 
Ave., Allegheny County, Oakmont, Pa. 
D 


Electric Wire Co. Inc., 122 Federal St., 
Northampton, Mass. 
N 


Erie Forge & Steel Corp., 
St., Box 180, Erie 1, Pa. 
D 


1341 W. 16th 


Esco Corp., _ N. W. 25th Ave., Port- 
— 10, ‘Oreg 


A. Fall & Sons Co., 2011 Southport 
Ave., Chicago 14, Ill. 


Firth-Sterling Inc. 2201-3299 Demmler 
Rd., _— rt, Pa. 

A, B, D 

Firth ‘sti nee 3113 Forbes Ave., 
Pittsburgh 80, Pa 
A, B,D, L K 

Great Lakes Steel Corp., Ecorse, Mich. 
A, B, D, E, J, K, L 

Industrial F & Steel Co., 
Ave. S. E., ton 1, Ohio 
B, D 

ry Steel Div., Borg-Warner Corp., 
De "4 * x 273, New Castle, Ind. 


Inland Steel Co., 30 W. Monroe St., Chi- 
cago 3, Ill 

International Harvester Co., Wisconsin 
Steel Works, 2701 E. 106th St., Chi- 
cago 17, Ill. 
A, B, D, E, K,L 

Jones & La in Steel Co., Electricweld 


1502 Allen 


ughlin 
ee Div., Oil City, Pa. 


Jones & Laughlin Steel Corp., Stainless & 
Strip Div., 45 S. Montgomery Ave., 
eae 1, Ohio 


Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa. 
A, E, G, J, K, L, M 

Kaiser Steel Corp., 300 Lakeside Drive, 
Oakland 12, Calif. 
A, E, I, J, K, L 

Laclede Steel Co., Alton Works, P. O. 
Box 266, Alton, Ill. 
A, B, D, I, K, N 

Chas. E. Larson Sons Inc., 2645-55 
“ Keeler Ave., Bae 39, Il. 

Ham- 


LaSalle Steel Co., 1412 150th St., 


mond, Ind. 


(See Ad, Page 127) 
Latrobe Steel Co., 2626 Ligonier St., Lat- 


robe, Pa. 
A, B, D, I 

Lone Star Steel Co., Box 174, Dainger- 
field, Tex. 
D, E, G, I, M, N 

Lukens Steel Co., 453 Services Bldg., 
Coatesville, Pa. 
E 


McLouth Steel Corp., 300 S. Livernois 
Ave., Detroit 17, Mich. 


Merritt-Chapman & Scott Corp., Milton 
Steel ucts Div., 230 Lower Market 


St., Milton, Pa. 
A 


Midvale-Hi tall Co., Nicetown, Phil- 
adelphia %, Pa 


ob Standard Co., 601 N. Eighth St., 
as Mich. 


National Steel o>. Weirton Steel Co. 
Div., General Office, Weirton, W. Va 
J , L 
National Supply Div., Armco Steel 
1 Gateway Center, Pittsburgh, a. 


The Ohio Steel ra Co., 
4 Springfield, O 


1075 James 


om Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
D, E, G, L, M 
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Pittsburgh Steel Co., 1600 Grant Bldg. 
iy oe 30, Pa 
(See Ad, Pages 128 and 129) 
Pyron Co., Amco Div.-American Metal 
Climax Inc., Box 3 LaSalle Station, 
om Falls, N. Y. 


Republic Steel Corp., Republic Bldg., 
—- 1, Ohio 


—_ Steel Corp., Steel & Tubes Div., 
acs 8, Ohio 


acl Strip Steel Co. Inc., 530 Henry St., 
ay ae Rome, N. Y. 

Sandusky Foundry & Machine Co., W. 
ary St., Sandusky, Ohio 


se Steel Corp., S. Irvine Ave., Sharon, 


3 D, K 
Sheffield Div., Armco Steel Corp., Kan- 
sas City 25, Mo. 
~ LL 
Standard Steel Works Div., The PRaldwin- 
) Corp., Burnham, Pa. 


(See Ad, Pages 133 and 134) 
The =e, Works, 195 Lake St, New 


Britain, Conn. 
K 


Superior Tube Co., P. O. Drawer 191, 


orristown, Pa. 


Texas Centrifugal Casting Co., P. O. Box 
3645, Temple, Tex. 
M 
Tube Reducing Corp. P. O. Box 959, 
Passaic, N. J. 
M 


Tubular Products Div.. The Babcock & 
Wilcox Co., Beaver Falls, Pa. 
> L, M 

U. S. Pipe & Foundry Co., Steel & Tubes 
Div., -_—or N. J. 
B, G, 

U. S. he Corp., South Works, 3426 E. 
89th St., Chicago 17, Ill. 
a Ee 

U. S. Steel Corp., Gary Sheet & Tin 
Mill, P. O. Box 59, Gary, Ind. 
J, K 


U. S. Steel Corp., 525 William Penn Place, 
Pittsburgh 30, Pa. 
A, B, D, E, G, I, J, K, L, M, N 


Van Huffel Tube Corp., Deitz Rd., War- 


ren, Ohio 


Vanadium-Alloys Steel Co., P. O. Box 
151, Latrobe, Pa. 
A, B, D, E, F, I, J, K, M, N 

Weirton Steel Co., Weirton, W. Va. 
D, J, K, L 

Westinghouse Electric Corp., Box 


Blairsville, Pa 


A, B, D, E, J, N 


Wheelock, Lovejoy & Co. Inc., 128 Si 
ney St., Cambridge 39, Mass. 
A, B, I 


Ultrahigh-Strength Steels 


Ultrahigh-Strength Steels 
These steels are used in thin section, 


such as rocket motor casings, where the 


allowable design stresses may exceed 200,- 
000 psi. 
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Armco Div., Armco Steel Corp., 703 Cur- 
tis St. Middletown, Ohio 
A, B, E,J, K 

Athenia Div., National-Standard Co., Clif- 
ton, N. J. 


iN 
— Steel Co., Bethlehem, Pa. 
A, B 


The Carpenter Steel Co., Metallurgical 
.. 101 W. Bern St., Reading, Pa. 

A, B, D, I, K, M, N 

The Champion Steel Co., 30520 Lakeland 
Blvd., a Ohio 

Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of America, Sanderson- 
Halcomb Works, P. O. Box 977, Syra- 
cuse 1, N. Y. 

A, B, i, N 

Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 
A, B, D 

Erie Forge & Steel ., 1341 W. 16th 
St., Box 180, Erie 1, 

D 

Esco Corp., 2141 N. W. 25th Ave., Port- 
land 10, Oreg. 
Castings 

Firth-Sterling Inc., 2201-3299 Demmler 
Rd., McKeesport, Pa. 

A, B, D, I, N 

Firth Sterling Inc., 3113 Forbes Ave., Pitts- 
burgh 30, Pa. 

A, B, D, 1, K 

In ersoll Steel Div., Borg-Warner Corp., 
. O. Box 273, New Castle, Ind. 
D, E, J 

Kelsey-Hayes Co., bane Metals Div., 
New Hartord, N. 

Ladish Co., 5481 S. Packard Ave., Cudahy, 
Wis. 

A, B, D, G, 1, L, M 

Latrobe Steel Co., 2626 Ligonier St., Lat- 
robe, Pa. 
A, B, DI 

Midvale-Heppenstall Co., Nicetown, Phil- 
adelphia 40, Pa. 

National Standard Co., 601 N. Eighth St., 
Niles, Mich. 

N 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
E, M 

Republic Steel Corp., Republic Bldg., 
Cleveland 1, Ohio 
A, B, D, E, G, I, J, K, L, M 

Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 

(See Ad, Pages 133 and 134) 

Superior Tube Co., P. O. Drawer 19], 


Norristown, Pa. 


Texas Centrifugal Casting Co., P. O. Box 


5, Temple, Tex. 


Timken Steel & Tube Div.. The Timken 
ey Bearing Co., Canton 6, Ohio 
A, B, M 


(See Ad, Page 131) 
Tubular Products Div., The Babcock & 
ei Co., Beaver Falls, Pa 


Union Steel Corp., 
Union, N. J. 
G, M 


2150 Stanley Terrace, 


U. S. Pipe & Foundry Co., Steel & Tubes 
Div.. ot deny N. J. 
B, G, M 


U. S. Steel Corp., South Works, 3426 
E. 89th St., Chicago 17, Ill. 
je e: 
U. S. Steel ™ yi William Penn 
oes, Pittsburgh 30, 
A, B, D, E, G._ I,J, k, it M,N 
Universal-Cyclops Steel Corp., Bridgeville, 


Pa. 
A, B, D, I, J, K,N 

Vanadium-Alloys Steel Co. P. O. Box 
151, Latrobe, Pa. 
A, B, D, E, F, I, J, K, M, N 

Wall Tube & Metal Products Co., New- 
fort. Tenn. 


Westinghouse Electric Corp., Box 128, 
Blairsville, Pa. 
D 


Wyman-Gordon Co., 105 Madison St. 


Worcester 1, Mass. 
D 


lron-Base Superalloys 


An iron-base alloy developed for very 
high temperature service where relatively 
high stresses are encountered and oxida- 
tion resistance required. 


Austenal Co., Div. of Howe Sound Co., 
Microcast Products, 230 Park Ave., New 
York 17, N. Y. 

D, Shot 

The Carpenter Steel Co., Metall a 
Dept., 101 W. Bern St., "Reading, 

A, "DL. K.M.N 

Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 

A 


Crucible Steel Co. of ~~ Sanderson- 
Halecomb Works, P. O. Box 977, Syra- 
4 


Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 
A, B, D 

Esco Corp., 2141 N. W. 25th Ave., Port- 
land 10, Oreg 
Castings 

Firth-Sterling Inc., 2201-3299 Demmler 
Rd., McKeesport, Pa. 
A, B, D, L, 

Firth Sterling Inc., 3113 Forbes Ave., Pitts- 
burgh, 30, Pa. 
A, B, D, I, K 

Ingersoll Steel Div., Borg-Warner Corp., 
P. O. Box 273, New Castle, Ind. 
D, E, J 

Janney Cylinder Co., 
Philadelphia 36, Pa. 


7401 State Rd., 


he Hayes Co., Vacuum Metals Div., 
New Hartford, N. Y. 
A, B, E, I, J 

Latrobe Steel Co., 2626 Ligonier St., Lat- 
robe, Pa. 
A, B, D, I 

Lukens Steel Co., 453 Services Bldg., 


Coatesville, Pa 


National Standard Co., 601 N. Eighth St., 
Niles, Mich. 
N 
Oneida oe Inc., 559 Fitch St., 
Oneida, N. 
A, B 


Republic Steel Corp. Republic Bldg., 
Cleveland 1, Ohio 
A, B, D, E, G, I, J, K, M, N 

Rodney Metals Inc., 1357 Rodney French 
Blvd., New Bedford, Mass. 
Cc, K 
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Here’s a wealth of technical information on America’s most complete line of cold-finished 
steel bars, including these specialty steels: FATIGUE-PROOF, STRESSPROOF, LA-LED, Super 
LA-LED, “‘e.t.d.”” 150 Alloy, and “‘e.t.d.” 180 Alloy. 


Use the coupon above to bring your library of LaSalle technical literature up to date. 


“e.t.d. 150 alloy steel bars 
eliminate heat treating of 
parts.” Gives detailed facts 
on 150,000 psi minimum 
tensile alloy steel bars made 
by elevated temperature 
drawing process. Bulletin 22. 


“A new material.” Discusses 
FATIGUE-PROOF, made by the 
“e.t.d." process, a 140,000 psi 
minimum tensile steel that 
has high strength without 
heat treating, and excellent 
machinability. Bulletin 10. 24 
Pages. 


“The effect of copper, ab- 
normally heavy drafts, furnace 
treatment, and die practice on 
STRESSPROOF Steel Bars.” 
This 12-page engineering re- 
port tells how the precisely 
controlled addition of copper 
improves machinability and 
wear resistance. 


“Super LA-LED, the fastest 
machining steel bar ever com- 
mercially developed.” Tells 
how these lead-bearing steel 
bars machine over 80% faster 
than ordinary screw stocks. 
Bulletin 12. 4 Pages. 


Abe cs 
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“e.t.d. 180 alloy steel bars 
eliminate heat treating of 
parts." This bulletin tells the 
story of 180,000 psi minimum 
tensile alloy steel bars... 
made by elevated temperature 
drawing process. Bulletin 23. 


“Improve Quality, Cut Costs 


| by specifying LaSalle 
| STRESSPROOF." This 14-page 
| bulletin covers STRESS- 
| PROOF, a 100,000 psi tensile 


steel that requires no heat 
treating and has excellent 
machinability. Bulletin 15. 


“Dictionary of Cold-Finished 
Steel Terms.” Includes more 
than 180 relatively detailed 
definitions of words used in 
purchase, manufacture, treat- 
ing, machining, and finishing 
of steel. 3C Photos, curves, 
tables. Bulletin 6. 32 Pages. 


“Leaded Alioys.”’ This 4- 
page bulletin gives detailed in- 
formation on LaSalle leaded 
8620 and leaded 4140. Case 
histories show how cycle time 
is reduced, production in- 


§ creased. Bulletin 13. 


& 


- 


“How to make your own machine and 
repair parts quicker and easier.” The com- 


= 


@* 
“<0 7 e.t.d. 150, and e.t.d. 180. All offer 


set. 


plete story of 
all-purpose 
STRESSPROOF 
steel bars that 
are ideal for 
making mainte- 
nance parts. 
Bulletin 21. 


“Get strength in machine parts 


"| bulletin gives concise informa- 
ition on four specialty steels . . . 
STRESSPROO!®, FATIGUE-PROOF®, 


excellent uniformity and machin- 
ability. Bulletin 26. 


f “LaSalle LA-LED free ma- 
| chining steel bars." Dis- 
cusses advantages, such as 
faster machining and in- 


——| creased tool life. Includes 


| 7 case histories. Bulletin 8. 
4 Pages. 


“Residual Stresses in cold- 
finished steel bars and their 
effect on manufactured 
parts.” Discusses residual 
stress and fatigue, cracking, 
machinability, tolerances, and 
corrosion. 32 Pages... pocket 
size. Bulletin 16. 











At Fruehauf Trailers’ huge Avon Lake, Ohio, plant, 
crossmembers made from PITT-TEN high strength 
structural sheet provide 22 percent more payload. 





As Trailer Bed Crossmembers 


Fruehauf Gets 22° More Payload 
With Pittsburgh Steel’s New PITT-TEN 


Twenty-two percent more pay- 
load—that’s what Fruehauf is build- 
ing into the framework of giant 
trailers assembled with crossmem- 
bers made of PITT-TEN, Pitts- 
burgh Steel Company’s new high 
strength structural sheet. 

Fruehauf uses PITT-TEN #1 at 
its Avon Lake, Ohio, plant—the 
largest trailer manufacturing facil- 
ity in the world—because it offers a 
combination of benefits that .. . 

@ Cuts deadweight with no 

loss of strength 

@ Lengthens service life 

through superior corrosion 
resistance 





@ Light Yet Strong — Fruehauf 
tries to make its trailers as light as 
possible with no sacrifice in strength. 
Trailer bed crossmembers made of 
high strength PITT-TEN are 
lighter, for equal strength, than mild 
steel. 

The weight saving amounts 
to more than eight pounds for 
each piece. That’s because three 
pounds of PITT-TEN do the 
work of nearly four pounds of 
ordinary sheet steel. At the 
same time, it provides all the 
strength needed for years of 
hard use. 

Corrosion resistance is another 


Here, on the assembly line, a Fruehauf trailer bed 
made with Pittsburgh Steel Co. PITT-TEN is swung 
onto the underconstruction assembly. 


problem in trailer operation. Frue- 
hauf trailers are used under all types 
of conditions that could create 
maintenance headaches if the proper 
material were not used. 

PITT-TEN #1 has four to six 
times the resistance of carbon 
steel to atmospheric corrosion. 
So, Fruehauf specifies PITT- 
TEN to reduce maintenance 
costs. 

The trailer part basically is a 
channel 93% inches long, 2 inches 
deep and 3 inches wide. Its width 
is expanded to 4% inches on one 
side by an offset that extends most 
of its length. In addition, a %-inch 
































During assembly of Fruehauf trailer bed, cross- 
members made from high strength structural PITT- 


TEN are riveted to the side rail. 


reduces maintenance requirements of Fruehauf 


return flange is applied full length 
to both edges. 

Fruehauf engineers point out that 
forming this piece with offset and 
flange in high tensile steel would be 
a tricky business without consistent 
quality — and with PITT-TEN 
Fruehauf has a steel that does the 
job. 

PITTSBURGH STEEL NEW 
SOURCE -This is one of several 
applications which mark the entry 
of Pittsburgh Steel in the high 
strength steel market, one of the 
fastest growing in metalworking. 


That means this: 


Fabricators of high strength 
steel structurals—or any prod- 
uct where the weight /strength 
ratio is a factor—now have a 
new source of supply. 

In the eight years Pittsburgh 
Steel has been producing flat-rolled 
products, it has become recognized 
for the unexcelled quality of its 
steel sheet and strip. Now PITT- 
TEN is being produced by the same 
fine steelmaking and steel rolling 
facilities which have earned that 
reputation for quality. 


oo. wc 


PITT-TEN #1 


PITT-TEN is produced in three 
grades, each with specific physical 
properties. Briefly, here they are: 


PITT-TEN #1—An all-around 
high strength structural sheet that 
offers a combination of benefits. 
First is greater strength without in- 
creased weight; or equal strength 
with a lighter section. Second is 
longer product life, less mainten- 
ance through greater resistance to 
corrosion (four to six times that of 
mild carbon steel.) 


PITT-TEN #2—high strength 
sheet with exceptional formability. 
This grade is produced to tensile 
and yield requirements to meet 


trailers through superior corrosion resistance. It has 
four to six times the corrosion resistance of carbon 
steel to atmospheric corrosion. PITT-TEN also cuts 
deadweight with nc loss in strength. 


forming problems of specific fab- 
ricated parts. 

PITT-TEN ‘*X’’—produced to 
guaranteed minimum yield points 
of 45,000 and 50,000 psi. This 
grade is especially useful where the 
controlling factor is a reduction in 
weight without loss of strength. 

If your product’s success depends 
on weight/strength factors, then 
Pittsburgh Steel’s new PITT-TEN 
can benefit you, too. 

Let one of our service metal- 
lurgists show you how. They’re as 
familiar with steel fabricating prob- 
lems as they are with steelmaking 
problems. Just contact one of the 
sales offices listed here. 


Pittsburgh Steel Company © 


Pittsburgh 30, Pa. 


Grant Building 


DISTRICT SALES OFFICES Dayton 
Cleveland Detroit 
Houston 


Atlanta 
Chicago Dallas 
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Los Angeles Pittsburgh 
New York Tulsa 
Philadelphia Warren, Ohio 
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THE WEAR-HARDENING STEEL 





ROL-MAN 11.00% to 14.00% Rolled 
and Forged Manganese Steel is the 
steel which, for over 40 years, has been 
solving the most severe heavy duty wear 
problems in quarrying, mining, railroad- 
ing, iron and steel manufacturing, and 
allied heavy industries. 


ROL-MAN 11.00% to 14.00% Rolled 
and Forged Manganese Steel is the wear 
hardening steel identical in analysis to 
the original Hadfield steel: 
Carbon—1.00% to 1.40% 
Manganese—11.00% to 
Balance—tron 


14.00% 


Mechanical Properties: 


Yield Strength—55,000 to 75,000 
PSI 

Ultimate Strength — 135,000 to 
165,000 PSI 

% Elongation in 2”—35% to 60% 


Work Hardening Capacity: 


from 200 to 600 Brinell 


Plate and Bar Sizes available 
from stock: 


Round bars—'%" dia. to 4” dia. 
Square bars—5/16” sq. to 2” sq 
Flat bars—%” x 1” to 2” x 6” 
Plate thicknesses—‘e” to 242” 


Typical applications where 
ROL-MAN has proven superior: 
Welding Applicator Bars 

Truck Body liners 

Draw Bench wear strips 
Chute and Hopper liners 
Bucket Repair 

Blast Cabinet liners 

Scalping and Grizzly screens 


See ROL-MAN advertisement 
on fabricated parts on page 190. 


MANGANESE STEEL FORGE CO. 


Richmond Street and Castor Avenue 
PHILADELPHIA 34, PA. 
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St. Clair Foundry & Mfg. Co., 700 Wil- 
son, Centralia, Ill. 


L 
Su Tube Co., P. O. Drawer 191, 
esate Pa. 


Texas Centrifugal Casting Co., P. O. Box 
3645, Temple, Tex. 


M 
Tube gm « Corp., P. O. Box 959, 


— N. 


Tubular Products Div., The Babcock & 
Wilcox Co., Beaver Falls, Pa. 
G, L, M 

Union Steel Corp., 2150 Stanley Terrace, 
Union, N. J. 


G, 
U. S. Pipe & Foun Co., Steel & Tubes 
Div., potngen, : 


U. 'S. Steel _Corp., 525 William Penn 
Place, wae 30, P 
A, B, D, E, G, I, J, KL, M,N 
Universal-Cyclops Steel Corp., Bridgeville, 


A, B, D, I, J, K, N 
Vanadium-Alloys Steel Co. P. O. Box 
om. Latrobe, Pa. 


Wall-Colmonoy Corp., 
a. 3, Mich. 


Westinghouse Electric Corp. Box 128, 
Blairsville, Pa. 
A, B, D, E, J, N 

Wyman-Gordon Co. 105 Madison St., 
spend 1, Mass. 


19345 John R. St., 


Tool and Die Steels 


These high carbon content alloys are 
characterized by high hardness and re- 
sistance to abrasion coupled with resist- 
ance to softening at elevated tempera- 
tures. 


American Brake Shoe Co., Amforge Div., 
_ S. Hoyne Ave., Chicago 8, wie 


Austenal Co., Div. of Howe Sound Co., 
Microcast Products, 230 Park Ave., New 
York 17, N. Y. 

D, Shot 
—* Steel Co., Bethlehem, Pa. 


Braeburn Alloy Steel Corp., Braeburn, Pa. 
A, B, D 


The Carpenter Steel Co., Metallurgica 


t., [01 W. Bern St., Reading, 
Ah D, LK 


The Champion Steel Co., 30520 Lakeland 
Blvd., Willowick, Ohio 
A, B, D 

Columbia Tool Steel Co., 540 E. Lincoln 
Highway, Chicago Heights, IIl. 
A, B, D 

Continental Co & Steel Industries Inc., 
Braeburn ay Steel Div., Braeburn, 
Pa. 
A, B, D 

Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of America, Sanderson- 
Halcomb Works, P. O. Box 977, Syra- 
cuse 1, N. Y. 

A, B, LN 

Crucible Steel Co. of America, * a Gate- 
way —s wag" 2, P 
A, B, D, E, J, K, M, N 

Erie Forge & Steel 
St., Box 180, Erie 1, 
D 


., 1341 W. 16th 


Esco re 2141 N. W. 25th Ave., Port- 


Casti 
A. Finkl & . am 2011 Southport Ave., 
a 14, Il 


D 
Firth- Sterling Inc., 2201-3299 Demmler 
Rd., McK rt, Pa. 
B, D, I, 
Fi Sterling Inc., 3113 Forbes Ave., 
Pittsburgh 80, Pa. 
A, B, D, 
General Sintering Corp., 
Terrace, Schiller Park, Ill. 


L 
Heppenstall Co., 4620 Hatfield St., Pitts- 
ea l, Pa. 


3907 Wesley 


3.1 & Steel Co., 1502 Allen 


. S. E., ton 1, Ohio 


I mt Steel Div., Borg-Warner Corp., 
3 =i" 273, New Castle, Ind. 


te a Co., 7401 State Rd., Phil- 
_ phia 36, Pa 


Chas. E. Larson & Sons Inc., 2645-55 
N. Keeler Ave., Chicago 39, Iil. 


A 

Latrobe Steel Co., 2626 Ligonier St., Lat- 
robe, Pa. 
A, B, D, I 

w 4 Steel, Box 108, LaGrange, III. 


Midvale-Hi tall Co., Nicetown, Phil- 
adel Db 0 Pa. 


ublic Steel Corp. Republic Bldg., 
"Greveland 1, Ohio 


sy Saw & ca . Inc., Steel Mill 
Div., Lock 
A, B, D. eT kK K 

Standard Steel Works Div., The Baldwin- 
|) wn Corp., Burnham, Pa. 


(See Ad, Pages 133 and 134) 
Superior Tube Co., P. O. Drawer 191, 


Norristown, Pa. 


Texas Centrifugal Casting Co., P. O. Box 
3645, Temple, Tex. 
M 


Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 


(See Ad, Page 131) 


U. S. Pipe & Foundry Co., Steel & Tubes 
Div., a. N. J. 


U. 'S. ‘Steel Corp., South Works, 3426 
E. 89th St., Chicago 17, Ill. 
A 


Universal-Cyclops Steel Corp., Bridgeville, 
P. 


a. 
A, B, D, I, J, K, N 
Vanadium-Alloys Steel Co., P. O. Box 
151, Latrobe, Pa. 
A, B, D, E, F, I, J, K, M, N 
Vanadium-Alloys Steel Co. Inc., Pittsburgh 
Tool Steel Wire Co. Div., 1535 Beaver 
Ave., Monaca, Beaver, Pa. 
A, E, I 


Westinghouse Electric Corp., Box 128, 
— Pa. 

Wheelock, Lovejoy & Co. Inc., 128 Sid- 

eT Cambridge 39, Mass. 


Powdered Iron 


Macuine Desicn—Tue Ferrous Merats Boox 





The test pieces pictured here demon- 
strate the dimensional stability of 
Graph-Air® tool steel that enables 
users to produce more intricate tools 
and dies. 

Fig. 1 shows test piece dimensions. 
In the “U” shape, which is particu- 
larly sensitive to distortion in heat 
treating, the machining tolerance be- 


Ae ar 


1 





























tween any two holes is held to .0002”. 
After heat treating, the specimens are 


LESS THAN 
0002" 
PER INCH 


WITH 


GRAPH-AIR® 
TOOL STEEL 


fitted tagether by four pins having a 
diameter of .0003” under .500”’. The 
total assembly error under these 
circumstances could not exceed 
.0008”". Dis- 
tortion must 
be less than 
0002’' per 
inch during 
heat treat- 
ment for the 
pins to fit. 

The Graph- 
Air pieces test- 
ed were from 
different heats. 
They were air 
hardened from 
1450°F. and double tempered at 
400°F. Fig. 2 shows them as they 
pegged together easily, demonstrat- 
ing no distortion. Fig. 3 top, shows 
the same specimens compared with 
two green, or as machined, parts. 
They matched perfectly again. Graph- 
Atr did not distort . . . did not change 


size. Records indicate that no other 
tool steel passed this test when 
heat treated at its recommended 
hardening and tempering conditions. 
Specify Graph-Air where 
minimum distortion and high 
quality are required. Solid and 
hollow bar sizes available. It is 
one of the Timken graphitic 
tool steels, the most stable tool 
steels made. The Timken Roller 
Bearing Company, Steel and 
Tube Division, Canton 6, Ohio. 
Cable address: ‘“Timrosco’’. 
Makers of Tapered Roller 
Bearings, Fine Alloy Steel and 
Removable Rock Bits. 


TIMKEN 
aie STEEL 


TIMKEN GRAPHITIC STEELS ARE AVAILABLE FROM STEEL SERVICE CENTERS IN 44 CITIES IN THE UNITED STATES AND CANADA 


1961 Edition 
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“What is so rare as a day in June?” 
This quiz we'll quickly settle 
By bringing forth our candidate: 


A book on ferrous metals! 


MACHINE DESIGN’s HANDBOOK ON FERROUS 
METALS fills an important gap in design literature. In 
contemporary metallurgical bibliography, a complete fer- 
rous handbook is really a rarity. Curiously, it is as es- 
sential as it is rare. 


Since the days of Tubal-cain, Hephaistos, and Thor, 
handbooks on ferrous metals have appeared consistently 
with new developments in iron and steel. In modern 
days, however, developments and improvements in ferrous 
metallurgy have come so rapidly, printers can scarcely 
keep up with their proof sheets. 


Machine design engineers are obliged to specify many 

materials. To find Basic design data on steei or sealing 

wax, they must consult technical sources. If these sources 

are only a few years old, error might creep in. Consider, 

for example, that a very short time ago the tensile strength 

of cast iron was accepted as 20 M; today, it can be 60 M 
. or, in the case of nodular iron, up to 100 M. 


The FERROUS HANDBOOK contains basic design data 
on all ferrous metals, together with a directory of ferrous 
metal suppliers. It belongs on the desk of every design 
engineer. One copy comes with MACHINE DESIGN. 


Additional copies will be available at a nominal cost. 


DESIGN 


A PENTON PUBLICATION, CLEVELAND 13, 
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Powdered form of iron characterized 
by particles in the range of 0.1 to 1000 
microns and used for the production of 
massive materials and shaped objects. 


Alan Wood Steel Co., Conshohocken, Pa. 
rE 


American Powdered Metals Inc., 7 Phil- 
~~ Place, North Haven, Conn. 


Compacted Metals Corp., 99 Greenwood 
St. Waukegan, Ill. 


Chrysler Corp., Div., P. O. Box 
2718, Detroit 31, Mich. 
BEL 


Easton P. O. Box 


Metal Powder Co. 
ees “A”, Toledo 5, Ohio 


— Co., P. O. Box 309, Hammond, 
Ind. 


F 


The Glidden Co. Metals Dept. 101 
Bridge, St., Johnstown, Pa. 


International Powder Metallurgy Co., 439 
Main Ridgway, Pa. 


me Carbon Co. St. Marys, Pa. 


Metal Powder Products Inc., P. O. Box 
_ Logan, Ohio 


M n Piston Ring Co., Sparta Found- 
vy iv., Sparta, Mich. 


Pyron Co., Amco Div.-American Metal 
Climax Inc., Box 3 LaSalle Station, 
ae Falls, N. Y. 


Westinghouse Electric Corp. Box 128, 


Blairsville, Pa. 
L 


Other 
American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 


Ohio 
Low metalloid, I, N 


Armco Steel ., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Hous- 
ton 1, Tex. 

Constructional alloys, A, B, D, E, I, L 

Associated Spring Corp., Bristol, Conn. 
Spring steel, 

John Chatillon & Sons, Spring Div., 48 
Franklin St., New York 13, N. Y. 

Iso elastic alloy, A, I, J, K, M, N 

Easton Metal Powder Co., P. O. Box 
Station “A”, Toledo 5, Ohio 
Alloy and premix’s, F 

Ferroxcube Corp. of America, E. Bridge St., 
Saugerties, N. Y. 

Ferrite, F, Special shapes 

The Glidden Co., Metals Dept. 101 
Bridge St., Johnstown, Pa. 

Electrolytic iron, F 

Kolcast Industries, Div. of Thompson 
Ramo Wooldridge Inc., Box 250, Mi- 
nerva, Ohio 
Ni base super alloys, A, B, D, I, J, K 

St. Clair Foundry & Mfg. Co., 700 Wil- 
son, Centralia, Ill. 

Semi steel, L 


bi mi Co., 900 E. 95th St., Chicago 
, Tl. 
Low carbon steel, N 
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Electric furnace, vacuum degassed steels, vacuum melted 
alloys, aluminum and titanium are specialties at Standard. 
We serve leading industries throughout the nation. To name 
a few just to give you an idea: shipbuilding, rubber, missiles, 
paper machinery, machine tools, railroads, turbines, large 


What's your problem? If it involves forgings, rings or cast- 
ings for special applications—where high temperature, cor- 
rosion or high stress limit the usefulness of ordinary steels 


try Standard. We're specialists in superstrength and stainless 


alloys, and if it’s quality you want, that’s been our hallmark 


for more than a century and a half. and small. 


EKO TLC 
SIIEBIES 


FROM STANDARD 


— 


























QUALITY CONTROL IS SECOND TO NONE AT STANDARD’S OPEN-DIE FORGINGS SUPPLY NATION’S LEAD- 
STANDARD. Quality control at Standard is maintained ING INDUSTRIES. Steel and nonferrous alloys can be worked in 
by the most accurate, up-to-date testing equipment avail- Standard’s forge shop, including some hard-to-work metals such as 
able. Laboratory facilities operate day and night to sup- titanium and super alloys. It can turn out forgings from 15 to 52,000 Ib.; 
port our metallurgists, shop foremen, mill and machine up to 45 inches in diameter; and up to 60 ft. in length. Major products 


operators—as well as plant management and, of course, include rotors and wheels for turbines, propeller shafts for ships, rolls 
our customers for sugar, printing and rubber industries. 





Standard’s hundreds of customers represent every major industry in the world. Metal components 
of carbon and alloy steels, super alloys, and nonferrous alloys such as aluminum and titanium are 
supplied by Standard for an endless line of products. What particularly impresses our customers 
however, is the unique, personalized service we provide. See for yourself—bring your next problem 


to Standard 


STEEL CASTINGS TO VIRTUALLY ANY SPECIFICATIONS. The 
Standard foundry, one of the larger ones in the country, has turned out 
castings as light as | Ib., and ranging up to 85,000 Ib. They include some 
of the largest heads ever cast for dredge cutters and also vital components 
in huge hydroelectric projects throughout the world. Standard yields to 
none in the skill of its foundry engineers, metallurgists, molders, core- 
makers and core setters. 


PIONEERS IN ROLL-FORGED RINGS .. . STANDARD. 
Standard’s craftsmanship in forming metal rings for heavy in- 
dustry dates back to 1856. The first all-forged weldless rings 
were produced in volume for the first time in 1870—at Standard. 
And much of the development work in forging weldless rings of 
high-alloy steels, aluminum and titanium has been done in 
Standard’s Ring Department 


Standard Steel Works Division , 


BALDWIN - LIMA : HAMILTON 


BURNHAM, PENNSYLVANIA Rings ¢ Shafts « Car wheels « Gear blanks « Flanges * Special shapes 


Printed in U.S.A 





Basic Wrought 
Ferrous Metals 





HIS section contains iron-base materials that are produced by me- 
chanically working the metal at an elevated temperature. Subsequent 


hot or cold working operations shape the metal into forms common to the 


metal industry. 


Materials listed in this section are available in basic forms, defined by 


a letter code as follows: 


. Bar 
. Billet 
. Foil 
. Ingot 
. Plate 
. Powder 


. Pipe 


Carbon Steels 


Steel containing carbon up to about 
2 per cent and only residual quantities 
of other elements except those added for 
deoxidation. Also called plain carbon 
steel, ordinary steel and straight carbon 
steel 


Dead Soft (to 0.10% C) 


Acme-Newport Steel Co., 9th & Lowell, 
Newport, Ky. 
D, E, J 

Acme Steel omy 
& Perry Ave., 
A, E, J, K 

American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Il. 

A, M 


Riverdale Station, 135th 
Chicago 27, Ill. 


American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio 
A, B, I, K, N 

Armco Div., Armco Steel Corp., 703 Curtis 
St., Middletown, Ohio 
E, J, K,M 

Armco Steel Corp., Butler, Pa. 


Armco Steel Corp., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd. Hous- 
ton l, Tex. 

A, B, D, E, I, K, L, N 

Associated Spring Corp. Gibson Div., 
P. O. Box 336, Mattoon, II. 
J, N 

- “ Gould, Pine St. Ext., 


LiLKMN 


Nashua, 
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Rod 
. Sheet 
. Strip 
. Structural Shapes 
. Tubing 
. Wire 


Bethlehem Steel Co., Bethlehem, Pa. 
A, B, D, E, I, J, K, M, N 
(See Ad, Page 161) 
Biair Strip Steel Co. P. O. Box 15]l, 
New Castle, Pa. 


K 
Brookfield Wire Co. Inc., Fiskdale Rd., 
— Mass. 


The Buckeye Steel Castings Co., 2211 Par- 
Je Ave., Columbus 7, Ohio 


Calstrip Steel Corp., 7140 Bandini Blvd., 
Lee Angeles 22, Calif. 


The Carpenter Steel Co., Metallurgical 
ey 101 W. Bern St. Reading, Pa. 
A, B, D, I, K, N 


(See Ad, Page 164) 


Chicago Steel & Wire Co., 103rd St. & 
Torrence Ave., Chicago 17, Ill. 


oe Steel & Shafting Co., Carnegie, 
‘a 


con Id Steel Co., The Ohio Seamless 
ube Div., 132-140 W. Main St., Shelby, 
Ohio 
M 
(See Ad, Page 165) 


Coulter Steel & Forge Co., 1494 67th St., 
dea Oakland 8, Calif. 


Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 
A, B, D, E, J, K 
Detroit Steel Corp., Box 7508, Detroit 9, 
Mich. 
B, D, I, J, K, N 
Dove Die & Stamping Co., 3009 E. SOth 
| anes 27, Ohio 


, 


Eastern Steel & Metal Co., P. O. Box 358, 
ard Haven 2, Conn. 


Easton Metal Powder Co., P. O. Box Sta- 
tion “A”, Toledo 5, Ohio 
F 

E. B. a Products Co. Inc., 12-12 1g 
Plaza S., Long Island City l, 
A, E, G, I, J, K, L, M,N 

Electric Wire Co. Inc., 122 Federal St., 
Northampton, Mass. 


Etiwanda Steel Producers Inc., P. O. 
 maeee 8, Etiwanda, Calif. 

Eugene Welding Co., 302 Carleton Ave., 

Marysville, Mich. 


K 
Federal Tool & Mfg. Co., 3600 Alabama 
Ave., Minneapolis 16, Minn. 


J 
General Sintering Corp., 3907 Wesley 
po Schiller Park, Ill. 


The Glidden Co., Metals Dept., 101 Bridge 
St., Johnstown, Pa. 


F 

Great Lakes Steel Corp., Ecorse, Mich. 
A, B, D, E, J, K 

Igoe Bros., Poinier St. & Ave. A, Newark 
3, N. J. 
N 

Independent Nail & Packaging Co., 106 
_ St., Bridgewater, Mass. 

Industrial Forge & Steel Co., 1502 Allen 

e. S. E., Canton 1, Ohio 

A, B, D 

fones & Laughlin Steel Corp., Stainless & 
Strip Div., Box 4606, Detroit 34, Mich. 
A, K 

Jones & Laughlin Steel Corp., Stainless & 
Strip Div., 45 S. Montgomery Ave., 
Youngstown 1, Ohio 


K 
Jones & Laughlin Steel Co., Electricweld 
Tube Div., Oil City, Pa. 


M 
Jones & Laughlin ~—= at 4 Gateway 
Center, Pittsbu 
we eae Gk K, LM, N 
Kaiser Steel Corp., 300 Lakeside Drive, 
Oakland 12, Calif. 
A, B, D, E, G, I,J,K 
Laclede Steel Co., Alton Works, P. O. 
Box 266, Alton, Iil. 
A, B, D, G, K, L, M, N 
Lackawanna Steel Construction Corp., 
P. O. Box 951, Buffalo 5, N. Y. 
A, E, L 
LaSalle Steel Co., 1412 150th St., 
ae Ind. 


Lock Joint Tube Co. P. O. Box 239, 
South Bend 24, Ind. 


Ham- 


M 
Lukens Steel Co., 453 Services Bldg., 
Coatesville, Pa. 


E 
McLouth Steel Corp., 300 S. Livernois 


Ave., Detroit 17, Mich 


J, K 

Michigan Seamless Tube Co., 400 West 
Ave., South Lyon, Mich. 
M 


Michigan Wire Cloth Co., 2100 Howard 
.. Detroit 16, Mich. 


Mill Strip Products Co., 2420 Oakton St., 
Evanston, III. 


Modern Wire Co., 35-09 35th St., Long 
_— City 6, N. Y. 


National Standard Co., Worcester Wire 
— Div., 70 James St., Worcester 3, 
ass. 








National Standard Co., 601 N. Eighth St. 
Niles, Mich. 


N 
Oregon Steel Mills, 5200 N. W. Front 
Ave., Portland 10, Oreg. 
B, D, I 
On Mfg. Inc., 
wood, N. J. 


101 Newark Way, Maple- 


J 
Owensboro Forging Co. Inc., Box 492, 


Cwensboro, Ky. 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
D, E, L, M 

Pittsburgh Steel Co., 1600 Grant Bldg., 
Pittsburgh 30, Pa. 
B, D, J, K, M, N 

Plymouth Tube Div., 


Van Pelt Corp. 
-_ Wabash Ave., 


Adrian, Mich. 


blic Steel Corp. Republic 
Jleveland 1, Ohio 
A, B, D, E, G, I, J, K, M, N 
(See Ad, Pages 162 and 163) 


Republic Steel Corp., Steel & Tubes Div., 
Jleveland 8, Ohio 


(See Ad, Pages 162 and 163) 
Rodney Metals Inc., 1357 Rodney French 
ee New Bedford, Mass. 
Cc, 


Blcg., 


(See Ad, Page 152) 


John A. Roebling’s Sons Div., Colorado 
Fuel & fron rp., 640 S. "Broad St., 


Trenton 2, N. J. 


Rome Strip Steel Co. * 530 Henry St., 
Box 189, Rome, N. 
A, K, N 

The Seymour Products Co., 


Seymour, Conn. 


111 River St., 


J, K, 
Sharon Steel Corp., S. Irvine Ave., 


Pa 
B, D, E, J, K 

Sherman Steel & Wire Co. P. O. Box 
nN” Sherman, Tex. 


Sharon, 


The Staniev Works, 


jritain, Conn 


195 Lake St.. New 


Drawn Steel Co., 


K 
Superio: Monaca, Pa. 
N 


A, 
om Tube Co., Wapakoneta, Ohio 
Superior Tube Co., P. O. Drawer 19]. 


orristown, Pa. 


Thompson Wire €o., 41 Mildred Ave. 
Boston 26, Mass 
K, N 

Trim Trends Inc., 25606 W. Seven Mile 
Rd., Detroit 40, Mich. 


K 
Tube Co. Inc., 


W. North St. 
_— 


Owatonna, 


Tubular Products Div., 
a! A 
G, L, 


The Babcock & 
Beaver Falls, Pa. 
is Ad, Page 137) 
U. S. Steel Corp., South Works, 3426 
4 89th St. Chicago 17, Ill. 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


U. S. Steel Corp., + William Penn 
Place, Pittsburgh 30, 
A, B, D, E, G, I, J, a ,_N 

(See Ads, Pages 153, 154, Sse 156, 157, 


158 and 159) 


Van Dresser Specialty Corp., 21400 Hoover 
Rd., Warren, Mich. 
N 
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Van Huffel Tube Corp., Deitz Rd., War- 
am Ohio 


Washburn Wire Co., Bourne Ave., Phil- 
ime Rumford ‘6, R. L 


Weirton Steel Co., Weirton, W. Va. 
B, D, J, L 

Wheeling Steel Corp., Yorkville, Ohio 
J 


Wyckoff Steel Co., P. O. Box 1256, Pitts- 
—— 30, Pa. 


Low Carbon (0.10 to 0.30% C) 


Acme-Newport Steel Co., 9th & Lowell, 
Newport, Ky. 
D, E, G, J 

Acme Steel Co., Riverdale Station, 135th 
& Perry Ave., Chicago 27, Ill 
A, E, J, K 

American Brake Shoe Co., Div. 
_—— Hoyne Ave., Chee i 
A, 


American Coat Hanger . Specialty Co., 
4310 W. Jefferson Blvd., Los Angeles 
16, Calif. 

K 


American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio 
A, B, I, K, N 

Applicator Co., 
15, N. Y. 

, K, N 

Armco Div., Armco Steel Corp., 703 Cur- 
tis St., Middletown, Ohio 
E, J, K, M 

Armee Steel Corp., Butler, Pa. 

K 

Armco Steel Corp., Sheffield Steel Div., 

F. a oe 3129, Industrial Rd., Houston 


K. B D, E, 1, K, L, N 
Associated Spring Corp. Gibson Div., 
P. O. Box 336, Mattoon, Il. 


157-63 13th St., Brooklyn 


J, N 

Babcock & Wilcox Co., Tubular Products 
Div., 640 Keystone St., Alliance, Ohio 
M 


(See Ad, Page 137) 
— 5 = Gould, Pine St. 


L L x M, N 
Bethlehem Steel Co., Bethlehem, Pa. 

A, B, D, E, G, L, J, K, L, M, N 

(See Ad, Page 161) 
Binghamton Steel & Fabricating Co. Inc., 
Floral Ave., Binghamton, N. Y. 

A, E, Lj, L 

Blair Strip Steel Co., P. O. Box 151, New 


Castle, Pa. 


Ext., Nashua, 


Brookfield Wire Co. Inc., Fiskdale Rd., 
ean Mass. 


Buchanan Steel Products Corp., Buchanan, 
Mich. 


A 

The Buckeye Steel Castings Co., 2211 Par- 
a Ave., Columbus 7, Ohio 

Bundy Tubing Co., 8109 E. Jefferson Ave., 
Detroit 14, Mich. 
M 


Caldwell Culvert Co., Box 770, Jackson 


5, Miss. 


Calstrip Steel Corp., 7140 Bandini Blvd., 
Los Angeles 22, Calif. 
K 


Calumet Steel Div. of Borg-Warner Corp., 
Chicago Hts., Ill. 
A, L 


Cupane Steel Co., Metallurgical 
Ol W. Bern St., Reading, Pa. 
D, 1, K,N 
(See Ad, Page 164) 
Chicago Steel & Wire Co., 103rd St. & 
_— Ave., Chicago 17, IL. 


— Steel & Shafting Co., Carnegie, 
‘a. 


A, M,N 
Continental Tube Co., 2401 Grant, Bell- 
eee Il 


Copperweld Steel Co., Aristoloy Steel Div., 
Warren, Ohio 
A, B, D 
ld Steel Co., The Ohio Seamless 
ube Div., 132-140 "W. Main St., Shelby, 
Ohio 


(See Ad, Page 165) 


Coulter Steel & Forge Co., 1494 67th St. 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 
A, B, D, E, J, K 

Detroit Steel Corp., New Haven Branch, 
P. O. Box 1789, New Haven 14, Conn. 


K 
Detroit Steel Corp., Box 7508, Detroit 9, 
Mich. 
B, D, LJ, K, N 
a Die & “de” 3009 E. 50th 
, Cleveland 27, O 


: kK 
Durable Wire Inc., Beaver Rd., Branford, 
Conn. 


N 
Eastern Steel & Metal Co., P. O. Box 358, 
New Haven 2, Conn. 


J, K 

Easton Metal Powder Co., P. 
Station “A”, Toledo 5, Ohio 
F 


O. Box 


Edgewater Steel Co., College & — 4 
Ave., Allegheny County, Oakmont, Pa. 
D 


Edgewater Steel Co., P. O. Box 478, Pitts- 
burgh 30, Pa. 


Electric Wire Co. Inc., 122 Federal St., 


rc aeaaa Mass. 


Erie Forge & Steel ., 1341 W. 16th 


St., Box 180, Erie 1, 


D 
Etiwanda Steel Producers Inc. P. O. 
Drawer 8, Etiwanda, Calif. 


I 
Federal Tool & Mfg. Co., 3600 Alabama 
Ave., Minneapolis 16, Minn. 


J 
A. Finkl & Sons Co., 2011 Southport Ave., 
to” 14, Ml. 


General Sintering Corp., 3907 _— 
pa Schiller Park, Ill. 


The Glidden Co., Metals Dept., 101 Bridge 
St., Johnstown, Pa. 


Gopher Stamp & Die Co., 78 Chicago 
Ave., St. Paul, Minn. 


Steel Corp., Ecorse, Mich. 
A, B, D, E, J, K 
Heppenstall Co., 4620 Hatfield St., 


Ae 1, Pa 


Hoeganaes 
. Taylor 


Hoff Sheet Metal Works Inc., 411 N. 
Eighth St., Richmond, Ind. 
A, E, J, K,M 


Pitts- 


nge Iron Corp., River Rd. 
ane, Riverton, N. J. 


Macuine Desicn—Tue Ferrous Metats Boox 
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with B&W Tubing, Extrusions and Rolled Rings 


As a result, the B&W mechanical tube, extrusion or 
rolled ring you specify is sized, shaped and engineered 
to come as close as possible to finished product. Fabri- 
cating operations and final costs are reduced. 

Make good design sense? To find out more, contact 
your local B&W District Sales Office. Meanwhile, 
write for Bulletin T483. The Babcock & Wilcox Com- 
pany, Tubular Products Division, Beaver Falls, Pa. 


If your design ideas are restricted by lack of proper 
starting stock, why not give some thought to the design 
freedom you get with B&W Tubular Steel Products? 

First, you have complete material selection from a 
wide range of stainless, alloy and carbon steels. Once 
the proper grade is selected, B&W can furnish the 
desired physical and mechanical properties to match 
your production procedures and end-use application. 


THE BABCOCK & WILCOX COMPANY 
TA-1038-A TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, rolled rings, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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Igoe Bros., Puinier St. & Ave. A, Newark 

- N. J. 

Independent Nail & Packing Co. 106 
Hale St., Bridgewater, Mass. 
N 

Industrial Forge & Steel Co., 1502 Allen 

Ave. S. E., Canton 1, Ohio 


-Warner Corp., 


A, B, D 
In ll Steel Div. Bo 
astle, Ind. 


. O. Box 273, New 
D 

Inland Steel Co., 30 W. Monroe St., Chi- 
cago 3, Ill 
A, B, D, E, J, K, L 

International Harvester Co., Wisconsin 
Steel Works, 2701 E. 106th St., Chicago 
17, ll 
A, B, D, E, K, L 

Jones & Laughlin Steel Corp., Stainless & 
}: Div., Box 4606, Detroit 34, Mich. 


A, 

Jones & Laughlin Steel Corp., Stainless & 
Strip Div., 45 S. Montgomery Ave., 
Youngstown 1, Ohio 
K 

Jones & Laughlin Steel Co., Electricweld 
Tube Div., Oil City, Pa. 

Jones & Laughlin Steel Corp., 3 Gateway 
Center, Se 30, i} 

A, B, D. Gia ie M, N 

Kaiser Steel” ‘Corp... 300 Lakeside Drive, 
Oakland 12, Calif. 

A, B, D, E, G, 1, 1, K, L 


tone Steel & Wire Co., S. Bartonville 


d., Peoria 7, Ill. 
B, D, I, N 
(See Ad, Page 151) 
Laclede Steel Co., Alton Works, P. O. 

Box 266, Alton, Ill. 

A, B, D, K, L, N 
Lackawanna Steel Construction Corp., 

P. O. Box 951, Buffalo 5, N. Y. 

A, E, L 
LaSalle Sveel Co., 1412 150th St.. Ham- 
mond, Ind. 

A 


Lock Joint Tube Co., P. O. Box 239, South 
Bend 24, Ind. 


M 

Lone Star Steel Co., Box 174, Dainger- 
field, Tex. 
A, D, E, G, I, M, N 

Lukens Steel Co., 453 Services Bldg., 
Coatesville, Pa. 


McLouth Steel Corp., 300 S. 
Ave., Detroit 17, Mich. 


Livernois 


J, K 

J. a McMahon Inc., 649 Grant St., Niles, 
oO 1o 
A, E, G, I, J, L, M 

Merritt-Chapman & Scott Corp., Milton 
Steel —— Div., 230 Lower Market 
St., Milton, Pa. 
A, D 

nage Seamless Tube Co., 
Ave., South Lyon, Mich. 
G, M 

Michigan Wire Cloth Co., 
St., Detroit 16, Mich 


400 West 
2100 Howard 


N 
Mill Strip Products Co., 2420 Oakton St., 


Evanston, Ill 

Modern Metal Products, 726 Beacon St. 
Rockford 6, Ill. 
A, E, 1, K, M,N 

Modern Wire Co., 35-09 35th St., Long 
Island City 6, N. Y. 
N 


Nashville Wire Products Mfg. Co. Inc., 
P. O. Box 491, Nashville 2, Tenn. 
J, M 

National Standard Co., 
Works Div., 70 James St., 
Mass. 
N 


Worcester Wire 
Worcester 3, 
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National Standard Co., 601 N. Eighth St, 
— Mich. 
., Weirton Steel Co. 


National Steel hb 
Office, Weirton, W. Va. 


Div., General 
L 


D, J, K, 
National Supply Div., Armco Steel 
Two Gateway Center, Pittsburgh, 


G, M 
Northwest Steel Rolling Mills Inc., 4315 
Ninth Ave. N. W., Seattle 7, Wash. 


, D 
Ohio Wire Products Co. 1025 E. Fifth 
Ave., Columbus 3, Ohio 


N 

Oregon Steel Mills, 5200 N. W. Front 
Ave., Portland 10, Oreg. 
A, B, D, 1, K, L 

Ott Mfg. Inc., 101 Newark Way, Maple- 
wood, N. J. 


J 
Sherman Steel & Wire Co., P. O. Box 
i Sherman, Tex. 


Owensboro Forging Co. Inc., Box 492, 
perce Ky. 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
D, E, G, L, M 

Pittsburgh Steel Co., 
Pittsburgh 30, Pa. 
B, D, G, I, J, K, M,N 

Plymouth Tube Div., Van Pelt Corp. 
a” Wabash Ave., Adrian, Mich. 


1600 Grant Bldg., 


H. K. Porter Co., West Virginia Works- 
Connors Steel Div., P. O. Box 118, 
Huntington 6, W. Va. 

a] , L 


Republic Steel Corp., Republic 
leveland 1, Ohio 
A, B, D, E, G, L, J, K 
(See Ad, Pages 162 ty 163) 


Republic Steel Corp., Steel & Tubes Div., 
"ames 8, Ohio 


(See Ad, Pages 162 and 163) 


Republic Steel Corp., Union Drawn Steel 
Div., P. O. Box 570, 401 Rose Ave. 
S. E., Massillon, Ohio 

I 


(See Ad, Pages 162 and 163) 


—o Electric Steel Corp., Miller St. 
W., Roanoke, Va. 
x D 
Rodney Metals Inc., 1357 Rodney French 
Blvd., New Bedford, Mass. 
K 


(See Ad, Page 152) 


John A. goog ~" Div., Colorado 
Fuel & Iron 640 S. Broad St., 
os 2, N. J. 

._ KN 

Rome Strip Steel = a 530 Henry St., 

Box i’ Rome, N. Y. 
A, K, 
Screw & a Corp. of America, Box 1921, 


Longview, Tex. 


Bldg., 


The Seymour Products Co., 111 River St. 
Seymour, Conn. 
4 K, N 

Sharon Steel Corp., S. Irvine Ave., Sharon, 


Pa. 
B, D, E, J, K 

Sheffield Div., Armco Steel Corp., Kan- 
sas City 25, Mo. 
A, B, I, L,N 

Si Steel Strapping Co., North Point 
_ P. O. Box 6611, Baltimore 19, Md. 


Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 


The Stan Works, 195 Lake St, New 


Britain, 
K 


Stubuitz Greene Spriw 


Corp., Reynolds 
Se oe ee Chester, “ 
a Drawn Steel Co., Monaca, Pa. 
CN 


a Tube Co., Wapakoneta, Ohio 


Superior Tube Co., P. O. Drawer 191, 
orristown, Pa. 


M 
Thompson Wire Co., 41 Mildred Ave., 
ay 26, Mass. 


K, 
Timken Steel & Tube Div., The Timken 
~ tar Bearing Co., Canton 6, Ohio 


Tube Co. Inc., W. North St., Owatonna, 
Minn. 
M 

by 


A G. M 
Tube Reducing Corp. P. O. Box 959, 
+ ae N., J. 


America Inc., Foot of 
nS St., Portland 1, Oreg. 


Tubular Products Div., The Babcock & 
Wilcox Co., Beaver Falls, Pa. 


G, L, M 
(See Ad, Page 137) 


U. S. Steel Corp., South Works, 3426 E. 
89th St., Chicago 17, Il. 


B, E, L 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
— William Penn Place, 
wee 


A, B, D, % 3 J, KL, M,N 
(See Ads, — 153, 154, 155, 156, 157, 
158 and 159) 


United Structural Steel Co., 
St., Worcester 5, Mass. 
Vail Mfg. Co., 900 E. 95th St., 
19, Ill. 
N 


U. S. Steel 


182 Prescott 
Chicago 


Van Dresser Specialty Corp., 21400 Hoover 
_ Warren, Mich. 


Van Huffel Tube Corp., Deitz Rd., War- 


ren, Ohio 
M 


Waimet Alloys Co., 5320 Oakman Blvd., 
aes 2, Mich. 


Washburn Wire Co., Bourne Ave., Phil- 
— Rumford 16, R. L 

Weirton Steel Co., Weirton, W. Va. 
B, D, J, L 

— Tubes Inc., Orwell, Ohio 


Westinghouse Electric Corp., Box 128, 
Blairsville, Pa. 
A, B 

bs eres Steel Corp., Yorkville, Ohio 


William-Wallace Co., Box 137, Belmont, 
Calif. 
J, K 


Wyckoff Steel Co., P. O. Box 1256, Pitts- 
burgh 30, Pa 
A, E 


Medium Carbon (0.30 to 0.65% C) 


Acme-Newport Steel Co., 9th & Lowell, 
Newport, Ky. 
D, E, G, J 


Macuine Desicn—Tue Ferrous Metars Boox 





Acme Steel Co., Riverdale Station, 135th 
; Elk Ave., Chicago 27, Ill 

American Brake Shoe Co., Amforge Div., 
a iM S. Hoyne Ave., Chicago 8, ill. 


American Coat Hanger “ 
Cali. \llerson Bk Bran’ Los See i 16, 


PR... FeR Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio 
A, B, I, K, N 

Armco Div., Armco Steel Corp., 703 Cur- 
e are — Ohio 

Armco Sorel € Corp., Butler, Pa. 


], K 

Armco Steel Corp., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Hous- 
ton 1, Tex. 


A, B, D, E, 1, K,L,N 
Associated Spring Corp., Bristol, Conn. 
K, N 


Associated Spring Corp., Gibson Div., 
P. O. Box 336, Mattoon, Iil. 


J, N 
Associated Spring Corp., Wallace-Barnes 
Steel Div., Bristol, Conn. 
N 


K, 

Athenia Div., National-Standard Co., Clif- 
ton, N. J 
K 

Barett & Gould, Pine St. Ext. 
N. H. 
I, J, K, M,N 

Bethlehem Steel Co., Bethlehem, Pa. 
A, B, D, E, I, J, K, L, M, N 

(See Ad, Page 161) 


biair Strip Steel Co., P. O. Box 151, New 
Castle, Pa. 


K 
Brookfield Wire Co. Inc., Fiskdale Rd., 
— Mass. 


Buchanan Steel Products Corp., Buchanan, 
Mich. 


Nashua, 


A 
Caldwell Culvert Co., Box 770, Jackson 
5, Miss. 


N 
Calstrip Steel Co: 
Los Angeles 22, 


K 

Calumet Steel Div. of Borg-Warner Corp., 
a a Hts., Ill. 
aa 


"Depts Ol Steel Co., Metallurgical 
BD, ci — St. "Reading, a. 
hoes FI Page 164) 

The Champion Steel Co., 30520 Lakeland 
Blvd., Willowick, Ohio 


A, B, D 
Columbia Steel & Shafting Co., Carnegie, 


a. 
A, M, N 
Copperweld Steel Co., Aristoloy Steel Div., 
AED Ohio 


a ree Bandini Blvd., 
if. 


Co; bb 2 — Co., Superior Steel Div., 
mee Pa. 


ce Id Steel Co., The Ohio Seamless 
ube Div., 132-140 W. Main St., Shelby, 
Ohio 
M 
(See Ad, Page 165) 
Copperweld Steel Co., Warren, Ohio 
D 


Coulter Steel & Forge Co., 1494 67th St., 
dea Oakland 8, Calif. 


Crucible Steel Co. of America, pane Gate- 
way Center, Pittsburgh 22, P; 
A, B, D, E, J, K, N 


1961 Edition 


Detroit Induction Heating Co., 12120 


Saas Detroit 4, Mich. 


A, K, 
Detroit Steel Corp., New Haven Branch, 
P. O. Box 1789, New Haven 14, Conn. 


K 
Detroit Steel Corp., Box 7508, Detroit 9, 
Mich. 


eens 27, O io 
Durable Wire Inc., Beaver Rd., Branford, 
Conn. 


N 
Eastern Steel & Metal Co., P. O. Box 358, 
- Haven 2, Conn. 


Easton Metal Powder Co., P. O. Box Sta- 
= “A”, Toledo 5, Ohio 


E. B. Metal Products Co. Inc., 12-12 
a Plaza S., Long Island City 1, 


AE, GI}, KL M,N 
ter Steel Co., College & Allegheny 
Ave. phe County, Oakmont, Pa. 


Edgewater Steel Co., P. O. Box 478, Pitts- 
burgh 30, Pa 


D 
Electric Wire Co. Inc., 
acme Mass. 


Erie Forge & Steel Corp., 
St., Box 180, Erie 1, Pa. 


D 
Etiwanda Steel Producers Inc., P. O. 
Drawer 8, Etiwanda, Calif. 


I 
Federal Tool & Mfg. Co., 3600 Alabama 
Ave., Minneapolis 16, Minn. 


A. Finkl & Sons Co., 2011 Southport Ave., 
ae 14, Ill. 
D 


General Sintering 2. 3907 Wesley Ter- 
race, Schiller Park, Ill. 


L 
The Glidden Co., Metals Dept. 101 
—~ St., Johnstown, Pa. 


o-. i Steel Corp., Ecorse, Mich. 
Heppenstall Co., 4620 Hatfield St., Pitts- 
burgh l, Pa. 


Hoeganaes Sponge Iron Corp., River Rd. 
- Taylor Lane, Riverton, N. J. 


122 Federal St., 


1341 W. 16th 


Igoe apt. Poinier St. & Ave. A, Newark 
5, N. J. 


N 
Independent Nail & Packing Co., 106 
Hale St., Bridgewater, Mass. 


N 
Industrial Forge & Steel Co., 
A'S . Canton 1, Ohio 


a. a ail Div., Borg-Warner Corp., 
P DE me 273, New Castle, Ind. 

Inlend Steel Co., 30 W. Monroe St., Chi- 
cago 3, Ill. 
A, B, D, E, J, K, L 

International Harvester Co., Wisconsin 
ag cece 2701 E. 106th St., Chicago 
A, B, D, E, K,L 


Irvington Steel & Iron Works Inc., P. O. 
Box 951, New Brunswick, N. J. 


E, L 

Jones & Laughlin Steel Corp., Stainless 
& — Div., Box 4606, Detroit 34, 
Mich. 


A, K 

Jones & Laughlin Steel Corp., Stainless & 
Strip Div., 45 S. Montgomery Ave., 
Youngstown 1, Ohio 
K 


1502 Allen 


Jones & Laughlin Steel Corp., 3 Gateway 

ae Pittsburgh 30, Pa. 
B, D, E, G, 1, J, K, M, N 

nae Steel Corp., 300 Lakeside Drive, 
Oakland 12, Calif. 
A, B, D, E, G, I, J, K 

Keystone Steel & Wire Co., S. Bartonville 
Rd., Peoria 7, Ill. 


, D, 1, N 
(See Ad, Page 151) 

Laclede Steel Co., Alton Works, P. O. 
Box 266, Alton, Ill. 
A, B, D, K, L, N 

Lackawanna Steel Construction Corp., 
P. O. Box 951, Buffalo 5, N. Y. 
A, E, L 

LaSalle Steel Co., 1412 150th St., 
om Ind. 


Ham- 


Lukens Steel Co., 453 Services Bldg., 
spate, Pa. 


McLouth Steel Corp., 300 S. Livernois 
bee Detroit 17, Mich. 


man & Scott Corp., Milton 
Sel P ee Div., 230 Lower Market 
.. Milton, Pa. 
“D 


Michigan Seainless Tube Co., 400 West 
Ave., South Lyon, Mich. 
G, M 

Michigan Wire Cloth Co., 2100 Howard 
St roit 16, Mich. 


Mill Strip Products Co., 2420 Oakton St., 
ae Ill. 


National Standard Co., Worcester Wire 
Works Div., 70 James St., Worcester 3, 
Mass. 

N 

National Standard Co., 601 N. Eighth St., 

7 iles, Mich. 


National Steel Corp., Weirton Steel Co. 
Dy. General Office, Weirton, W. Va. 
National Supply Div., Armco Steel 
Two Gateway Center, Pittsburgh, 
. M 


New England High Carbon Wire Co., 
og Howe Ave., Millbury, Mass. 
Northwest Steel Rolling Mills Inc., 4315 
Ninth Ave. N.W., Seattle 7, Wash. 
Oregon Steel Mills, 5200 N.W. Front Ave., 
Portland 10, Oreg. 
A, B, D, I 
Ott Mfg. Inc., 101 Newark Way, Maple- 
J. 


wi ’ 


Owensboro Forging Co. Inc., Box 492, 
Owensboro, Ky. 
A 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Fisoenixville, Pa. 
D, E, G, L, M 

Pittsburgh Steel Co., 
Pittsburgh 30, Pa. 
B, D, I, J, K, M, N 

Plymouth Tube Div., Van Pelt Corp., 
ey Wabash Ave., Adrian, Mich. 

H. K. Porter Co., West Virginia Works— 
Connors Steel Div., P. O. Box 118, 
Huntington 6, W. Va. 

A, L 


1600 Grant Bldg., 


blic Steel Corp., Republic Bidg., 
leveland 1, Ohio 
A, B, D, E, G, I, J, K, M, N 
(See Ad, Pages 162 and 163) 





Republic Steel Corp., Steel & Tubes Div., 
Cleveland 8, Ohio 
M 


(See Ad, Pages 162 and 163) 
Republic Steel Corp.. Union Drawn Steel 
Jiv., P. O. Box 570, 401 Rose Ave. S.E., 
Massillon, Ohio 


A, I 
(See Ad, Pages 162 and 163) 


Roanoke Electric Steel Corp., Miller St. 
N.W., Roanoke, Va. 


A, D 
John A. Roebling’s Sons Div., Colorado 
Fuel & lron arp., 640 S. Broad St., 


Trenton 2, N. J. 


»K,N 

Rome Strip Steel Co. Inc., 530 Henry St., 
Box 189, Rome, N. Y. 
A, K, N 

Sharon Steel Corp., S. Irvine Ave., Shar- 


on -. 


E, J, K 
Shelfield. Div., 


Armco Steel Corp., Kan- 


Standard Lk Works Div., The Baldwin- 
— -Hamilton Corp., Burnham, Pa. 
. D 
The Stanley Works, 


Britain, Conn. 


195 Lake St., New 


a} Drawn Steel Co., Monaca, Pa. 
A, N 


Superior Tube Co., Wapakoneta, Ohio 
M 


Superior Tube Co., P. O. Drawer 191, 
Norristown, Pa. 
Texas Steel Co., 3901 Hemphill St., Fort 
Worth 9, Tex 
A, D, L 
Thompson Wire Co., 41 Mildred Ave., 
Boston 26, Mass. 
K, N 
Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 
M 
Tube Reducing Corp. P. O. 
Passaic, N. J. 
M 


Box 959, 


Tubular Products Div.. The Babcock & 
Wilcox Co., Beaver Falls, Pa. 
G, L, M 
(See Ad, Page 137) 


U. S. Steel Corp., South Works, 
89th St., Chicago 17, Ill. 
B, E, L 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


U. S. Steel Corp. 525 William Penn 
Place, Pittsburgh 30, Pa. 
A, B, D, E, G, I, J, K, L, N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


Van Dresser Specialty Corp., 21400 Hoov- 
er Rd., Warren, Mich. 
N 

Van Huffel Tube Corp., 
ren, Ohio 


3426 E. 


Deitz Rd., War- 


Waimet Alloys Co., 5320 Oakman Bilvd., 
Dearborn 2, Mich. 
D 

Washburn Wire Co., Bourne Ave., Phil- 
lipsdale, Rumford 16, R. L 
I, K, N 

Weirton Steel Co., Weirton, W. Va. 
. DIL 

Westinghouse Electric Corp. Box 128, 
Blairsville, Pa 
A, B 

Wyckoff Steel Co., 
burgh 30, Pa. 
A, E 


P. O. Box 1256, Pitts- 


140 


High Carbon (0.65% and up) 


Acme-Newport Steel Co., 9th & Lowell, 
Dey” Ky. 

Acme Steel Co., Riverdale Station, 135th 
& Perry Ave., Chicago 27, Ill. 
A, E, J, K 

American Brake Shoe Co., Amforge Div., 
we Hoyne Ave., Chicago 8, Ill. 
A, 


American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio 
A, B, , K,N 

Armco Steel Corp., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Houston 
l, Tex. 

A, B, D, E, I, K, L, N 
Associated Spring Corp., Bristol, Conn. 
, N 

Associated Spring Corp., Gibson Div., 
P. O. Box 336, Mattoon, Ill. 

. N 

Associated Spring Corp., Wallace-Barnes 
Steel Div., Bristol, Conn. 


Barett & Gould, Pine St. Ext., 
N. H. 
I,J, K, M,N 
Bethlehem Steel Co., : Pa. 
A, B, D, E, L, J, K, M 
(See Ad, Pees 161) 


Blair Strip Steel Co., P. O. Box 151, New 
Castle, Pa. 
K 


Nashua, 


Brookfield Wire Co. Inc., Fiskdale Rd., 


Brookfield, Mass. 
N 


Buchanan Steel Products Corp., Buchanan, 
Mich. 
A 
Calstrip Steel ye 7140 Bandini Blvd., 
alif. 


Los Angeles 22 


Calumet Steel Div. of > 
Chicago Hts., Ill. 
A, L 

The Carpenter Steel Co., Metallurgical 
Dept., 101 W. Bern St., Reading, Pa. 
A, B, D, 1, K, N 

(See Ad, Page 164) 

The Champion Steel Co., 30520 Lake- 
land Blvd., Willowick, Ohio 
A, B, D 

= Steel & Shafting Co., Carnegie, 


org-Warner Corp., 


A 'N 

Continental Copper & Steel Industries 
Inc., Braeburn Alloy Steel Div., Brae- 
burn, Pa. 
A, B, D 

Copperweld Steel Co., Aristoloy Steel Div., 
Warren, Ohio 
A, B, D 

Co veld Steel Co., Superior Steel Div., 
varnegie, Pa. 


Copperweld Steel Co., Warren, Ohio 
A, B, D 
Co veld Steel Co., The Ohio Seamless 
ube Div., 132-140 W. Main St., Shelby, 
Ohio 
M 
(See Ad, Page 165) 


Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of America, Sanderson- 
Halcomb Works, P. O. Box 977, Syra- 
cuse I, N. Y. 

A, B, Il, N 


Crucible Steel Co. of America, Four Gate- 
kD DET ao 22, Pa. 


Detroit ‘ed ate New Haven Branch, 
P. O. Box 1789, New Haven 14, Conn. 


K 
Detroit Steel Corp., Box 7508, Detroit 9, 
Mich. 
B, D, 1, J, K,N 
Dove Die & Stamping Co., 3009 E. 50th 
St., Cleveland 27, Ohio 


J, K 
Eastern Steel & Metal Co., P. O. Box 358, 
New Haven 2, Conn. 


K 
Easton Metal Powder Co., P. O. Box Sta- 
tion “A”, Toledo 5, Ohio 


F 
E. B. Metal Products Co. Inc., 12-12 
Bridge Plaza S., Long Island City 1, 


N. Y. 
A, E, G, I, J, K, L, M,N 

Edgewater Steel Co., College & Allegheny 
Ave., Allegheny County, Oakmont, Pa. 


D 
Edgewater Steel Co., P. O. Box 478, Pitts- 
burg 30, Pa 


D 
Electric Wire Co. Inc., 122 Federal St., 
Northampton, Mass. 


N 
Erie Forge & Steel Corp., 1341 W. 16th 
St., Box 180, Erie 1, Pa. 


Etiwanda Steel Producers Inc., P. O. 
Drawer 8, Etiwanda, Calif. 


I 
Federal Tool & Mfg. Co., 3600 Alabama 
Ave., Minneapolis 16, Minn. 


J 
A. Finkl & Sons Co., 2011 Southport Ave., 
Chicago 14, Ill. 


D 
General Sintering Corp., 3907 Wesley 
Terrace, Schiller Park, Ill. 


Ml 
The Glidden Co., Metals Dept., 101 Bridge 
St., Johnstown, Pa. 


F 
Great Lakes Steel Corp., Ecorse, Mich. 
Heppenstall Co., 4620 Hatfield St., 
burgh 1, Pa. 
B, 
Hoeganaes Sponge Iron Co 
& Taylor Lane, Riverton, 


Pitts- 
_ er Rd. 


Igoe Bros., Poinier St. & Ave. A, Newark 
5, N. J. 
N 

Industrial Forge & Steel Co., 
Ave. S.E., Canton 1, Ohio 
A, B, D 

Ingersoll Steel Div., -Warner Corp. 
P. O. Box 273, New Castle Ind. 
D, E, J 

International Harvester Co., Wisconsin 
Steel Works, 2701 E. 106th St., Chicago 


1502 Allen 


Jones & Laughlin Steel Corp., Stainless & 
Strip Div., Box 4606, Detroit 34, Mich. 
K 


Jones & Laughlin Steel Corp., Stainless 
& Strip Div., 45 S. Montgomery Ave., 
Youngstown |, Ohio 


Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa. 
A, B, D, E, I,J, K,N 
Kaiser Steel Corp., 300 Lakeside Drive, 
Oakland 12, Calif. 
. B, D, , 
Keystone Steel & Wire Co., S. Bartonville 
Rd., Peoria 7, Ill. 
B, D, I, N 
(See Ad, Page 151) 


Macuine Desicn—Tue Ferrous Metats Boox 





Laclede Steel Co., Alton Works, P. O. 
Box 266, Alton, Ill. 
A, B, D, K, N 
LaSalle Steel Co., 
wae Ind. 


1412 150th St., Ham- 


Merritt-Chapman & Scott Corp., Milton 
Steel Products Div., 230 Lower Market 
St., Milton, Pa. 

A, D 
Michigan Wire Cloth Co., 2100 Howard 
- Detroit 16, Mich. 


Mill Strip Products Co., 2420 Oakton St., 
Evanston, Ill. 
K 


National Standard Co., Worcester Wire 
Works Div., 70 James St., Worcester 3, 
Mass. 


National Standard Co., 601 N. Eighth St., 
_ Mich. 


New England High Carbon Wire Co., 
2 Howe Ave., Millbury, Mass. 


Oregon Steel Mills, 5200 N.W. Front Ave., 
Portland 10, Oreg. 
A, B, D, 1 

Ott Mfg. Inc., 101 Newark Way, Maple- 
wood, N, J. 
J 

Owensboro Forging Co. Inc., Box 492, 
Owensboro, Ky. 

Pittsburgh Steel Co., 1600 Grant Bldg., 
Pittsburgh 30, Pa. 
B, D, 1, J, K, M, N 

H. K. Porter Co., West Virginia Works— 
Connors Steel Div., P. O. Box 118, 
Huntington 6, W. Va. 
A, B, L 

Republic Steel Corp., Republic Bldg., 
ae 1, Ohio 

A, B, D, E, G, I, J, K, M, N 

(See Ad, Pages 162 and 163) 


— Steel CP Union Drawn Steel 
, P. O. Box 570, 401 Rose Ave. S.E., 
ahd Sg Ohio 


A, I 
(See Ad, Pages 162 and 163) 


John A. Roebling’s Sons Div., Colorado 
Fuel & Iron rp., 640 S. Broad St., 
Trenton 2, N. J. 

Rome Strip Steel a. Inc., 530 Henry St., 
Box 189, Rome, N. Y. 

A, K, N 
Sharon Steel Corp., S. Irvine Ave., Sharon, 


Pa. 
B, D, E, J, K 
Sheffield Div., Armco Steel Corp., Kansas 
City 25, Mo. 
A, B, I, N 
Simonds Saw & Steel Co. Inc., Steel Mill 
Div., Lockport, N. Y. 
A, B, D, E, J, K 
Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 
The Stanley Works, 
Britain, Conn. 
K 


195 Lake St., New 


Stubuitz Greene Corp., Reynolds Spring 
Co. Div., 500 E. Third St., Chester, Pa. 
J, K, M, N 

Superior Drawn Steel Co., Monaca, Pa. 
A, N 


Superior Tube Co., Wapakoneta, Ohio 
M 
Superior Tube Co., P. O. Drawer 191, 


Norristown, Pa. 


1961 Edition 


Texas Steel Co., 3901 Hemphill St., Fort 
Worth 9, Tex. 
A, D, L 

Thompson Wire Co., 41 Mildred Ave., 
Boston 26, Mass. 


K, N 
Timken Steel & Tube Div., The Timken 
_ Bearing Co., Canton 6, Ohio 


Tube Forgings of America Inc., Foot of 
S.W. Gibbs St., Portland 1, Oreg. 


A, G, M 
Union Steel Corp., 2150 Stanley Terrace, 
a: N. J 


U. S. Steel Corp., South Works, 3426 E. 
89th St., Chicago 17, Ill. 
B, E, L 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
U. S. Steel Corp., 525 William Penn Place, 
Pittsburgh 30, Pa. 
A, B, D, E, G, 1, J, K, L, M,N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
Universal-Cyclops Steel Corp., Bridgeville, 
‘a 


Pa. 
A, B, D, I, J, K, N 

Van Dresser Specialty Corp., 21400 Hoov- 
er Rd., Warren, Mich. 


N 
Vanadium-Alloys Steel Co. Inc., Pitts- 
burgh Tool Steel Wire Co. Div., 1535 


Beaver Ave., Monaca, Beaver, Pa. 


A, I 
Waimet Alloys Co., 5320 Oakman Blvd., 
Dearborn 2, Mich. 


D 

Washburn Wire Co., Bourne Ave., Phil- 
way Rumford 16, R. L. 

Wierton Steel Co., Weirton, W. Va. 
B, D, J, L 

Wyckoff Steel Co., P. O. Box 1256, Pitts- 
burgh 30, Pa 
A, E 


Alloy Steels 
AISI Grades 11XX, 12XX 


American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Ill. 
A, M 

American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio 
A, B, I, K, N 

Bethlehem Steel Co., Bethlehem, Pa. 
A, B, D, E, M 

(See Ad, Page 161) 

Buchanan Steel Products Corp., Buchan- 
an, Mich. 
A 


Columbia Steel & Shafting Co., Carnegie, 
a. 
A, N 
Copperweld Steel Co., Aristoloy Steel Div., 
Warren, Ohio 
A, B, D, H 


Copperweld i? Co., Superior Steel Div., 
- etal 


Copperel Steel Co., Warren, Ohio 


Gan eld Steel Co., The Ohio Seamless 
ube Div., 132-140 'W. Main St., Shelby, 
Ohio 
M 


(See Ad, Page 165) 
Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa 
A, B, D, N, H 


Erie Forge & Steel Corp., 1341 W. 16th 


_ Box 180, Erie 1, Pa. 
Great Lakes Steel Corp., Ecorse, Mich. 


Industrial Forge & Steel Co., 1502 Allen 
Ave. S.E., Canton 1, Ohio 


B, D 

Ingersoll Steel Div., Borg-Warner Corp., 
P. O. Box 273, New Castle, Ind. 
D 


International Harvester Co., Wisconsin 
Steel Works, 2701 E. 106th St., Chi- 
cago 17, Ill. 

A, B, D, E, K, L 

Jones & Laughlin Steel Corp., Stainless 
& Strip Div., Box 4606, Detroit 34, 
Mich. 

A, B 

Jones & Laughlin Steel Corp., 3 Gateway 

Center, se 30, Pa. 


1412 150th St., Ham- 


A, B, D, I 
LaSalle Steel 7* 


mond, Ind. 


A 

Michigan Seamless Tube Co., 400 West 
Ave., South Lyon, Mich. 
M 


4 Wire Cloth Co., 2100 Howard 
, Detroit 16, Mich. 


N’ 
Midvale-Heppenstall Co., Nicetown, Phil- 
adelphia 40, Pa. 


B, D 
Pittsburgh Steel Sos 
Pittsburgh 30, P 


, M,N 
H. K. Porter Co., West Virginia Works— 
Connors Steel Div., P. O. Box 118, 
Huntington 6, W. Va. 
A 


1600 Grant Bldg., 


blic Steel Corp., Republic Bldg., 
leveland 1, Ohio 
A, B, D, E, G, 1, J, K, 
(See Ad, Pages er ol 163) 
Republic Steel Corp., Union Drawn Steel 
Div., P. O. Box , 401 Rose Ave. S.E., 


Massillon, Ohio 
I 


(See Ad, Pages 162 and 163) 
Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 

.D 
Superior Drawn Steel Co., Monaca, Pa. 
Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 
A, B, M 
Tubular Products Div.. The Babcock & 
Wilcox Co., Beaver Falls, Pa. 


G, L, M 
(See Ad, Page 137) 


U. S. Steel Corp., South Works, 3426 
E. 89th St., Chicago 17, Ill. 


A, B 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


U. S. Steel Corp., 525 William Penn Place, 
Pittsburgh 30, Pa. 
A, B, D, E, G, I, J, K, L, M,N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


Vanadium-Alloys Steel Co. Inc., Pitts- 
burgh Tool Steel Wire Co. Div., 1535 
Beaver Ave., Monaca, Beaver, Pa. 

Waimet Alloys Co., 5320 Oakman Blvd., 
Dearborn 2, Mich. 

D 


Westinghouse Electric Corp., Box 128, 
— Pa. 


Wyckoff Steel Co., P. O. Box 1256, Pitts- 
burgh 30, Pa. 
A, E, H 





AIS! Grade 13XX 


Acme- -Newport Steel Co., 9th & Lowell, 


American Brake Shoe Co., —y 4 Div., 
wg Hoyne Ave., Chicago 8 . Tl. 
American Sieel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., 

Ohio 
A, B, L, K, N 
Armco Steel Corp., Sheffield Steel Div., 
r 2 Box 31 oh Industrial Rd., Houston 
ex. 
kK B, D, E, L, K, L, N,H 
Babcock & Wilcox Co., Barberton, Ohio 


(See Ad, Page 137) 
Bethlehem Steel Co., Bethlehem, Pa. 
A, B, D, E, 1, M, N, H 
(See Ad, Page 161) 


Buchanan Steel Products Corp., Buchan- 
an, Mich 
A 


Columbia Steel & Shafting Co., Carnegie, 
a. 
A, N 
Copperweld Steel Co., 
Warren, Ohio 
A, B, D, H 
Copperweld Steel Co., Superior Steel Div., 


aa Pa 


Aristoloy Steel Div., 


Copperwe Steel Co., Warren, Ohio 
A, B, D 


Co eld Steel Co., The Ohio Seamless 
_ Div., 132-140 W. Main St.. Shelby. 
( ) vo 
M 
(See Ad, Page 165) 


Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 
A, B, D, N, H 

Erie Forge & Steel Corp., 1341 W. 16th 
St., Box 180, Erie 1, Pa 
D 

Great Lakes Steel Corp., 
A, B, D 

Industrial Forge & Steel Co., 1502 Allen 
Ave. S.E., Canton 1, Ohio 
B, D 

International Harvester Co., 
Steel Works, 2701 E. 
cago 17, Ill 
A, B, D, E, K, L 

Jones & Laughlin Steel Corp., Stainless 
& Strip Div., Box 4606, Detroit 34 
Mich. 
A, B 

Jones & Laughlin Steel Corp., 
Center, Pittsburgh 30, Pa. 
A, B, D, lL, M, H 

Kaiser Steel Corp., 300 Lakeside Drive 
Oakland 12, Calif. 
E 


Ecorse, Mich. 


Wisconsin 
106th St., Chi- 


3 Gateway 


LaSalle Steel Co., 1412 150th St., Ham- 
mond, Ind. 
A, H 

Lukens Steel Co., 453 Services Bldg., 


Ce yatesville, Pa 


Michigan Seamless Tube Co., 
Ave., South Lyon, Mich 
M 


400 West 


Michigan Wire Cloth Co., 2100 Howard 
St., Detroit 16, Mich. 
N 
Midvale-Heppenstall Co., 
adelphia 40, Pa. 
B, D 


Nicetown, Phil- 


Cleveland 13, 


Structural & Tube 


Phoenix Steel Corp., 
Phoenixville, Pa. 


Div., 121 Bridge St., 
D, E, G, M 
Pittsburgh Steel Co., 
Pittsburgh 30, Pa. 
D, M, N 
H. K. Porter Co., West Virginia Works— 
Connors Steel Div., P. O. Box 118, 
Coenen 6, W. Va. 


Republic Steel Corp., Republic 
leveland 1, Ohio 
A, B, D, E, G, 1, J, K, M, N 
(See Ad, Pages 162 and 163) 


Republic Steel ., Union Drawn Steel 
iv., P. O. Box 570, 401 Rose Ave. S.E., 
' Ohio 


(See Ad, Pages 162 and 163) 


Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 
D 


1600 Grant Bldg., 


Bldg., 


J 


Superior Drawn Steel Co., Monaca, Pa. 
KN 


Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 
A, B, M 

Tubular Products Div., The Babcock & 
Wilcox Co., Beaver Falls, Pa. 


G, L, M 
(See Ad, Page 137) 


U. S. Steel Corp., South Works, 3426 E. 
89th St., Chicago 17, Ill. 
B 


_E 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


U. S. Steel Corp., 525 William Penn Place, 
Pittsburgh 30, Pa. 
A, B, D, E, G, 1, J, K, L, M,N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


Waimet Alloys Co., 5320 Oakman Blvd., 
Dearborn 2, Mich. 
D 


Wyckoff Steel Co., P. O. Box 1256, Pitts- 
burgh 30, Pa. 
E,H 


> 


AISI Grades 23XX, 25XX 


Acme-Newport Steel Co., 9th & Lowell, 
Newport, Ky. 
D, E, J 

American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Il. 
A, M, H 

American Steel & Wire Div., U. Steel 
Corp., Rockefeller Bldg., Seal 13, 
Ohio 
K 


., Sheffield Steel Div., 
, Industrial Rd., Hous- 


Armco Steel Co 
P. O. Box 312 
ton |, Tex. 

A, B, D, E, I, K, L, N 

Bethlehem Steel Co., Bethlehem, Pa. 

A, H 


" "Gee Ad, Page 161) 
Ca ter Steel Co., Metallurgical 
t., 


™ B St., Readi P 
ern St., Reading, Pa. 
ay D, H K, N 
(See Ad, Page 164) 


se eee Steel & Shafting Co., Carnegie, 
a. 
A, N 
Copperweld Steel Co., Aristoloy Steel Div., 
Warren, Ohio 
A, B, D, H 
Conperweld Steel Co., Superior Steel Div., 
Camegie, Pa. 


Copperweld Steel Co., The Ohio Seamless 
Tube Div., 132- 140 W. Mai n St., Shelby, 


Ohio 
(See Ad, Page 165) 
Coulter Steel & Forge Co., 1494 67th St., 
 oreioae Yakland 8. 8, Calif. 


Cotcible Steel Co. of America, Four Gate- 
~~ Center, Pittsburgh 22, Pa. 


tJ D, ,’ 
Erie Forge & Steel Corp., 1341 W. 16th 
St., Box 180, Erie 1, Pa. 


D 
A. Finkl & Sons Co., 2011 Southport Ave., 
———- 14, Ill. 


Heppenstall Co., 4620 Hatfield St., 
ey 1, Pa. 
B 


Pitts-- 


Industrial Forge & Steel Co., 1502 Allen 


Ave. S.E., Canton 1, Ohio 

.D 

-Warner Corp., 
le, Ind. 


ll Steel Div., 
. O. Box 273, New 
D, E, J 
Jones & Laughlin Steel Corp., Stainless & 
re Div., Box 4606, Detroit 34, Mich. 


Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa. 

LaSalle Steel Co., 
mond, Ind. 
A, H 

Michigan Seamless Tube Co., 400 West 
~ South Lyon, Mich. 


1412 150th St., Ham- 


Michigan Wire Cloth Co., 2100 Howard 
- roit 16, Mich. 


Midvale-Heppenstall Co., Nicetown, Phil- 
adelphia 40, Pa. 
B, D 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
D, E, G,M 

Pittsburgh Steel Co., 
Pittsburgh 30, Pa. 
M 


1600 Grant Bldg., 


H. K. Porter Co., West Virginia Works— 
Connors Steel Div., P. O. Box 118, 
Huntington 6, W. Va. 

A 


blic Steel Corp., Republic 
leveland 1, Ohio 
B, D, E, G, I, J, K, M, N 
(See Ad, Pages 162 and 163) 
Republic Steel Corp., Union Drawn Steel 
Div., P P. O. Box B, 401 Rose Ave. S.E., 
Massillon, Ohio 


I 
(See Ad, Pages 162 and 163) 
Sharon Steel Corp., S. Irvine Ave., Sharon, 
Pa. 
B, D, E, J, K 


Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 
D 


Superior Drawn Steel Co., Monaca, Pa. 
A, N 


Bidg., 


Thompson Wire Co., 41 Mildred Ave., 
Boston 26, Mass. 
kK 


Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 
Tube Reducing Corp., P. O. Box 959, 

ceamale, N. J. 


Tubular Products Div., The Babcock & 
Wilcox Co., Beaver Falls, Pa. 


G, L, M 
(See Ad, Page 137) 


Macuine Desicn—Tue Ferrous Metats Boox 





U. S. Steel Corp., South Works, 3426 
E. - St., Chicago 17, Ill. 


A, 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
U. S. Steel Corp., 525 William Penn 
Place, Pittsburgh 30, Pa 
A, B, D, E, G, I, J, K, 
(See Ads, Pages 153, 154, 1 
158 and 159) 
Waimet Alloys Co., 5320 Oakman Blvd., 
ee 2, Mich. 


Washburn Wire Co., ag Ave., 
oo Rumford 16, R. I 
N 


L, 
Wickol Steel Co., P. O. Box 1256, Pitts- 

burgh 30, Pa. 

A, E, H 


N 
, 156, 157, 


Phil- 


AISI Grades 31XX, 33XX 


Acme-Newport Steel Co., 9th & Lowell, 
Newport, Ky. 
D, E, J 

American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Ill. 


M, 

American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio 
A, B, 1, K, N 

Armco Steel Corp., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Hous- 
ton 1, Tex. 


A, B, D, E, I, K, L, N, H 
— & Wilcox Co., Barberton, Ohio 


(See Ad, Page 137) 
Bethlehem Steel Co., Bethlehem, Pa. 
A, B, D, M, H 
(See Ad, Page 161) 
The Carpenter Steel Co., Metallurgical 
Dept., 101 W. Bern St., Reading, Pa. 
A, B, D, I, K, N 
(See Ad, Page 164) 
Coluinbia Steel & Shafting Co., Carnegie, 
Pa. 
A, N 
Copperweld Steel Co., Aristoloy Steel 
Div i. Warren, Ohio 
A, B, D, H 
———_ Steel Co., Superior Steel Div., 


_ Pa. 
Copper Steel Co., Warren, Ohio 


Copperweld Steel Co., The Ohio Seamless 
— Div., 132-140 "W. Main St., Shelby, 
Ohio 


(See Ad, Page 165) 


Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 
A, B, D, N, H 

Erie Forge & Steel Corp., 
St Box 180, Erie 1, Pa. 


1341 W. 16th 


A. Finkl & Sons Co., 2011 Southport Ave., 
Chicago 14, Ill. 
D 


Heppenstall Co., 4620 Hatfield St., Pitts- 
burgh 1, Pa. 
B, D 

Industrial Forge & Steel Co., 
Ave. S.E., Canton 1, Ohio 
B, D 

Ingersoll Steel Div., Borg-Warner Corp., 
P. O. Box 273, New Castle, Ind. 
D, E, J 


1502 Allen 


1961 Edition 


International Harvester Co., Wisconsin 
— 2701 E. 106th St., Chicago 
7, Il. 
A, B, D, E, K, L 

Jones & Laughlin Steel Corp., Stainless & 
eo Div., Box 4606, Detroit 34, Mich. 


hae & ‘Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa. 


B, D, 1, M 
LaSalle Steei Co., 1412 150th St., Ham- 
mond, Ind. 
A, H 
Lukens Steel Co., 453 Services Bidg., 
Coatesville, Pa 


E 
Michigan Seamless Tube Co., 400 West 
a South Lyon, Mich. 


Michi Wire Cloth Co., 2100 Howard 
7 roit 16, Mich. 


Midvale-Heppenstall Co., Nicetown, Phil- 
— 40, Pa. 


B, 

Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
M 


Pittsburgh Steel Co., 1600 Grant Bldg., 
aa 30, Pa 


H. K. Porter Co., West Virginia Works— 
Connors Steel Div., P. O. Box 118, 
Huntington 6, W. Va. 
A 

Republic Steel Corp., Republic Bldg., 

leveland 1, Ohio 
A, B, D, E, G, I,J, K, M,N 
(See Ad, Pages 162 and 163) 
blic Steel Corp., Union Drawn Steel 
iv. P. O. Box 570, 401 Rose Ave. 
ee Massillon, Ohio 


(See Ad, Pages 162 and 163) 
Sharon Steel Corp., S. Irvine Ave., Shar- 
on, Pa. 
B, D, E, J, K 
Standard Steel Works Div., The Baldwin- 
ye Corp., Burnham, Pa. 
Superior Drawn Steel Co., Monaca, Pa. 


A, 
Timken Steel & Tube Div., The Timken 
ree Bearing Co., Canton 6, Ohio 
M 


Tubular Products Div. The Babcock & 
Wilcox Co., Beaver Falls, Pa. 
G 


(See Ad, Page 137) 
U. S. Steel Corp., South Works, 3426 E. 
89th St., Chicago 17, Il. 


A,B 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
U. S. Steel Corp., 525 William Penn 
Place, Pittsburgh 30, Pa. 
A, B, D, E, G, I, J, K, L, M, N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
Waimet Alloys Co., 5320 Oakman Blvd., 
Dearborn 2, Mich. 


D 

Washburn Wire Co., Bourne Ave., Phil- 
lipsdale, Rumford 16, R. I. 
I,K, N 

Westinghouse Electric Corp., Box 128, 
— Pa. 


Wrekett —— Co., P. O. Box 1256, Pitts- 
burgh 30 
A, E,H- 


AISI Grade 40XX 


American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Ill. 
A, M, H 


American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
ABLKN 

Armco Steel Corp., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Hous- 
ton 1, Tex. 


1. B, 'D, E, I, K, L, N,H 
& Wilcox Co., Barberton, Ohio 


(See Ad, Page 137) 
Bethlehem Steel Co., Bethlehem, Pa. 
A, B, D, E, I, K, M, N, H 
(See Ad, Page 161) 
ter Steel Co., Metall 
"Depts Ta Ol ie Bern St., "Reading, 


ros Md, Page 164) 
ne a Steel & Shafting Co., Carnegie, 
a. 


A, N 
Copperweld Steel Co., Aristoloy Steel Div., 
LED = 


ox pid Stee Co., Superior Steel Div., 
aan 


Copperweld Steel Co., Warren, Ohio 


A, . 
Co Id Steel Co., The Ohio Seamless 
ube Div., 132-140 W. Main St., Shelby, 
Ohio 
(See Ad, Page 165) 


Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of America, Four Gate- 
~~ Center, Pittsburgh 22, Pa. 


A, , D, , 
Erie Forge & Steel Corp., 1341 W. 16th 
St., Box 180, Erie 1, Pa. 


D 
Etiwanda Steel Producers Inc., P. O. 
Drawer 8, Etiwanda, Calif. 


A, I 
One ho Steel Corp., Ecorse, Mich. 
A, 


Industrial Forge & Steel Co., 1502 Allen 
Ave. S.E., Canton 1, Ohio 
.D 

In Il Steel Div., 
. O. Box 273, New 
D, E, J 

International Harvester Co., Wisconsin 
Steel Works, 2701 E. 106th St., Chi- 
cago 17, Ill. 
A, B, D, E, K, L 

Jones & Laughlin Steel Corp., Stainless 
& Strip Div., Box 4606, Detroit 34, 
Mich. 
A, B 

Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa. 
A, B, D, I, M, H 

LaSalle Steel Co., 
mond, Ind. 
A, H 

Lukens Steel Co., 453 Services Bldg, 
Coatesville, Pa 
E 


-Warner Corp., 
stle, Ind. 


1412 150th St., Ham- 


Michigan Seamless Tube Co., 400 West 
ante South Lyon, Mich. 


Me Bet Wire Cloth Co., 2100 Howard 
roit 16, Mich. 


Sa Co., Nicetown, Phil- 
+. 40, Pa 


Phoenix Steel Corp, Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
D, E, G,M 

Pittsburgh Steel Co., 
o_o 30, Pa. 


1600 Grant Bldg., 





H. K. Porter Co., West Virginia Works— 
Connors Steel Div., P. O. Box 118, 
Huntington 6, W. Va. 


blic Steel Corp., Republic 
Jleveland 1, Ohio 
A, B, D, E, c Lj,K,M 
(See Ad, Pages 162 a 163) 
Re “| Steel Corp., Union Drawn Steel 
P. O. Box 570, 401 Rose Ave. S.E., 
Massillon, Ohio 
l 


(See Ad, Pages 162 and 163) 
Sharon Steel Corp., S. Irvine Ave., Shar- 
on, Pa. 
B, D, E, J, K 
Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 
B, D 
Superior Tube Co., P. O. 


Norristown, Pa. 


Bidg., 


Drawer 191, 


Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 
A, B, M 

Tubular Products Div.. The Babcock & 
Wilcox Co., Beaver Falls, Pa. 

G, L, M 
(See Ad, Page 137) 

U. S. Steel Lorp., South Works, 3426 

> 89th St., Chic ago 17, Ml. 


B, E 
(Sec Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


U. S. Steel Corp. 525 William Penn 
Place, Pittsburgh 30, Pa. 
A, B, D, E, G, I, J, K, L, M, N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


Waimet Alloys Co., 5320 Oakman Blvd., 
Dearborn 2, Mich. 
D 

Washburn Wire Co., Bourne Ave., Phil- 
lipsdale, Rumford 16, R. L 
I, K, N 

Wyckoff Steel Co., 
burgh 30, Pa 
A, E, H 


P. O. Box 1256, Pitts- 


AISI Grade 41XX 


Acme-Newport Steel Co., 9th & Lowell, 
Newport, Ky. 
D, E,j, H 

American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Ill. 
A, M, H 

American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Nhio 
A, B, 1, K, N 

Armeo Steel Corp., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Hous 
ton |, Tex 
A, B, D, E, L, KL L, N,H 

Babcock & Wilcox Co., Barberton, Ohio 
G 


(See Ad, Page 137) 


— Steel Co., Bethlehem, Pa. 
, B, D, E. I, K, M. N,H 
(See Ad, Page 161) 


Buchanan Steel Products Corp., Buchanan, 
Mich. 
A, H 
The Carpenter Steel Co., Metallurgical 
Ae 101 W. Bern St., "Reading, Pa. 
D, I, K, N 
(See Ad, Page 164) 


The Champion Steel Co., 30520 
Blvd, Willowick, Ohio 
A, B, D 


Lakeland 


44 


a Steel & Shafting Co., Carnegie, 
a. 


A, M, N : 
Copperweld Steel Co., Aristoloy Steel Div., 
AnD aa 


ey - Nossal Co., Superior Steel Div., 
rnegie, 


Gineatt Steel Co., Warren, Ohio 
B, D 


A, 
Co eld Steel Co., The Ohio Seamless 
ube Div., 132-140 "W. Main St., Shelby, 
Ohio 


(See Ad, Page 165) 
Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 


A 

Crucib'e Steel Co. of ~~ 2 gi Gate- 
way Wt a 22, P 
A, B, D, N 

Edgewa'er as Co., P. O. Box 478, Pitts- 
burgh 30, Pa. 


D 
Erie Forge & Steel Corp., 
St., Box 180, Erie 1, Pa. 


Etiwanda Steel Producers Inc. P. O. 
Drawer 8, Etiwanda, Calif. 
I 


A, 
Federal Tool & Mfg. Co.. 3600 Alabama 
Ave.. Minneapolis 16. Minn. 


J 

A. Fink! & Sons Co., 2011 Southport Ave., 
Chicago 14, Ill. 
B, D 

Great Lakes Steel Corp., Ecorse, Mich. 
A, B, D 

Heppenstall Co., 4620 Hatfield St.. 
burgh I, Pa 


1341 W. 16th 


Pitts- 


Industrial Forge & Steel Co., 
Ave. S. E, Canton 1, Ohio 
B, D 

Ingersoll Steel Div., 

P. O. Box 273, hi 
D, E, J 
International 
+: eae 2701 E. 106th St., 

17, Ill. 
A, B, D, E, K, L 

Jones & Laughlin Steel Corp., Stainless & 
Strip Div., 45 S Montgomery Ave., 
Youngstown 1, Ohio 
K 


1502 Allen 


Warner Corp., 
astle. Ind. 


Harvester Co., Wisconsin 
Chicago 


Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa 
A, B, D, I, M,H 
LaSalle S*eel Co., 
mond, Ind. 


1412 150th St., Ham- 


Lukens Steel Co., 453 Services Bldg., 
Coatesville, Pa. 


Michigan Seamless Tube Co., 400 West 
a South Lyon, Mich. 


Michigan Wire Cloth Co., 2100 Howard 
- Detroit 16, Mich. 


Midvale-Heppenstall Co., Nicetown, Phil- 
adelphia 40, Pa. 
B, D 


Armco Steel 


National Supply Div., 
Pittsburgh, 


Two Gateway Center, 
M 


Owensboro Forging Co. Inc., Box 492, 
Owensboro, Ky. 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
D, E, G, M 

Pittsburgh Steel Co., 
Pittsburgh 30, Pa. 
M 


1600 Grant Bldg., 


Plymouth Tube Div., Van Pelt Corp., 
- Wabash Ave., Adrian, Mich. 


H 
1 K. Porter Co., West Virginia Works- 
Connors Steel Div., P. O. Box 118, 
Huntington 6, W. Va. 


blic Steel Corp., Republic Bldg., 
leveland 1, oe 
A, B, D, E, G, I, J, K, 
(See Ad, P ages 162 pty 163) 
Republic Steel Corp., Union Drawn Steel 
Div., P. O. Box 570, 401 Rose Ave. 
S. E., Massillon, Ohio 
I 


(See Ad, Pages 162 and 163) 
Rome Strip Steel Co. Inc., 530 Henry St., 
Box 189, Rome, N. Y. 
K, N 
Sharon Steel Corp., S. Irvine Ave., Sharon, 
P. 


a. 
B, D, E, J, K 

Sheffield Div., Armco Steel Corp., Kansas 
“> 25, Mo. 


Standard tea Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 
B, D 

Superior Drawn Steel Co., Monaca, Pa. 
A, N 


Superior Tube Co., Wapakoneta, Ohio 
M 


Superior Tube Co., P. O. Drawer 191, 


orristown, Pa. 


Thompson Wire Co., 41 Mildred Ave. 
Boston 26, Mass. 
K 


Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 
A, B, M 

Tube Reducing Corp. P. O. Box 959, 
Passaic, N. J. 


Tubular Products Div.. The Babcock & 
Wilcox Co., Beaver Falls, Pa. 
G, L, M 
(See Ad, Page 137) 
-. S. Steel Co South Works, 3426 
E. = St., eles 17, Til. 


(Ses as, Pages 153, 154, 155, 156, 157, 
158 and 159) 


U. S. Steel Corp., _ William Penn Place, 
Pittsburgh 30, 
A, B, D, E, G, L J, K, L, M, N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


Vanadium-Alloys Steel Co., P. O. Box 
om Latrobe, Pa. 


Vanadium-Alloys Steel Co. Inc., Pitts- 
burgh Tool Steel Wire Co. Div., 1535 
eh Ave., Monaca, Beaver, Pa. 


Waimet Alloys Co., 5320 Oakman Blvd., 
a 2, Mich. 


Washburn Wire Co., el Ave., Phil- 
eo Rumford 16, Le 
I, K, 

PS see Electric Corp., Box 128, 
Blairsville, Pa. 
A, B 

Wheelock, Lovejoy & Co. Inc., 128 Sid- 
ney St, Cambridge 39, Mass. 

B, I 

Wyckoff Steel Co., P. O. Box 1256, Pitts- 
burgh 30, Pa. 
A, E,H 


AIS! Grades 43XX, 46XX 


Macuine Desicn—Tue Ferrous Merars Boox 





Acme-Newport Steel Co., 9th & Lowell, 
ee Ky. 


American Brake Shoe Co., Amforge Div., 
res” mae Ave., Chicago 8, Ill. 


American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio 
A, B,L, K,N 

Armco Steel Corp., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Hous- 
ton |, Tex. 

A, B, D, E, I, K, L, N, H 
Bethlehem Steel Co., Bethlehem, Pa. 
A, B, M, H 
(See Ad, Page 161) 
Buchanan Steel Products Corp., Buchan- 


an, Mich. 


nter Steel Co., Metallurgical - 


The 
Dept. Ol W. Bern St., Reading, Pa. 
A, B, D, 1, K, N 
(See Ad, Page 164) 
The Champion Steel Co., 30520 Lake- 
land Blvd., Willowick, Ohio 


A, B, D 
Columbia Steel & Shafting Co., Carnegie, 
Pa. 


A, M, N 
Copperweld Steel Co., Aristoloy Steel Div., 
AED a 


Co area! ~~ Co., Superior Steel Div., 


a 
Copperwel Steel Co., Warren, Ohio 


Co veld Steel Co., The Ohio Seamless 
ube Div., 132-140 "W. Main St., Shelby, 
Ohio 
M 
(See Ad, Page 165) 


Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of a gt Four Gate- 
xko eg yes ae 22, Pa. 


Easton ~ hoary Powder Co., P. O. Box 
Station “A”, Toledo 5, Ohio 
F 


Edgewater Steel Co., P. O. Box 478, Pitts- 
burgh 30, Pa. 
D 


Erie Forge & Steel Corp., 1341 W. 16th 
St., Box 180, Erie 1, Pa. 
D 


A. Finkl & Sons Co., 2011 Southport Ave., 
Chicago 14, Ill. 

Heppenstall Co., 4620 Hatfield St., 
burgh 1, Pa. 
B, D 


Pitts- 


Industrial Forge & Sieel Co., 1502 Allen 
Ave. S.E., Canton 1, Ohio 
B, D 
Il Steel Div., Borg-Warner Corp., 
. O. Box 273, New Castle, Ind. 
D, E, J 
International 
Steel Works, 2701 E. 
cago 17, Ill. 
A, B, D, E, K, L 
Jones & Laughlin Steel Corp., Stainless & 
Ne Div., Box 4606, Detroit 34, Mich. 
A, 


Harvester Co., Wisconsin 
106th St., Chi- 


Jones & Laughlin Steel Corp., 3 Gate- 
way Center, Pittsburgh 30, Pa 
B, D, I M 
LaSalle Steel Co., 
mond, Ind. 
A, H 
Latrobe Steel Co., 2626 Ligonier St., La- 
trobe, Pa 
A, B, D, I 


1412 150th St., Ham- 


1961 Edition 


Lukens Steel Co., 453 Services Bldg., 
— Pa. 


Michigan Seamless Tube Co., 400 West 
te South Lyon, Mich. 


Michigan Wire Cloth Co., 2100 Howard 
7 roit 16, Mich. 


Midvale-Heppenstall Co., Nicetown, Phil- 
“3 40, Pa. 


National Supply Div., Armco Steel Corp., 
boy Gateway Center, Pittsburgh, Pa. 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
D, E, G, M 

Pittsburgh Steel Co., 
at 30, Pa. 


1600 Grant Bldg, 


H. K. Porter Co., West Virginia Works— 
Connors Steel Div., P. O. Box 118, 
eee 6, W. Va. 


Republic Steel Corp., 
leveland 1, a a 
A, B, D, G, i, J, K, 
(See Ad, oowcey tea and 163) 
blic .¥ Co Union Drawn Steel 
iv., P. O Box 270, 401 Rose Ave. S.E., 
Massillon, ‘Obie 
I 


(See Ad, Pages 162 and 163) 
Sharon Steel Corp., 5. Irvine Ave., Shar- 
on, Pa. 
B, D, E, J, K 
Sheffield Div., Armco Steel Corp., Kan- 
sas City 25, Mo. 
A, B, E, K 
Standard Steel Works Div., The Baldwin- 
—- Corp., Burnham, Pa. 


Republic Bldg., 


“7 Drawn Steel Co., Monaca, Pa. 
aah Tube Co., Wapakoneta, Ohio 


Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 
A, B, M 
Tube Reducing Corp., P. O. Box 959, Pas- 
4 


saic, N 


Tubular Products Div., The Babcock & 
a ag a Beaver Falls, Pa. 


° (See Ad, Page 137) 


U. S. Steel Corp., South Works, 3426 E. 
89th St., Chicago 17, Ill. 
A, B, E 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


U. S. Steel Corp., 525 William Penn 
Place, Pittsburgh 30, Pa. 
A, B, D, E, G, I, J, K, L, M,N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


Waimet Alloys Co., 5320 Oakman Blvd., 
—— 2, Mich. 


Washburn Wire Co., Bourne Ave., Phil- 
lipsdale, Rumford 16, R. I. 
I, K, N 

Westinghouse Electric Corp., Box 128, 
— Pa. 


Wheelock, Lovejoy & Co. Inc., 128 Sid- 
> Cambridge 39, Mass. 


Wyckoff Steel Co., P. O. Box 1256, Pitts- 
burgh 30, Pa. 
A, E,H 


AISI Grades 47XX, 48XX 


Acme-Newport Steel Co., 9th & Lowell, 
Newport, Ky. 
D, E, J, H 
American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Ill. 
H 


A, 

Armco Steel ., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Hous- 
ton 1, Tex. 

A, B, D, E, 1, K, L, N, H 

Bethlehem Steel Co., Bethlehem, Pa. 
A, B, D, M, H 

(See Ad, Page 161) 

Buchanan Steel Products Corp., Buchanan, 

ich. 


The Carpenter Steel Co., Metallurgical 
Dept. 101 W. Bern St., Reading, Pa. 
A, B, D, I, K,N 


(See Ad, Page 164) 
Columbia Steel & Shafting Co., Carnegie, 


Pa 


A, N 
Copperweld Steel Co., Aristoloy Steel Div., 
Warren, Ohio 


A, B, D, H 
Co id Steel Co., Superior Steel Div., 
rnegie, Pa. 


K 
Copperweld Steel Co., Warren, Ohio 
B, D 


Copperweld Steel Co., The Ohio Seamless 
ube Div., 132-140 W. Main St., Shelby, 
Ohio 
(See Ad, Page 165) 
Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 


A 
Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 
. B, D, . 
Erie Forge & Steel Corp., 
St., Box 180, Erie 1, Pa. 
D 


1341 W. 16th 


A. Finkl & Sons Co., 2011 Southport Ave., 
Chicago 14, Il. 
D 
Industrial Forge & Steel Co., 1502 Allen 
Ave. S.E., Canton 1, Ohio 
.D 
Il Steel Div., Borg-Warner Corp., 
. O. Box 273, New Castle, Ind. 
D, E, J 
International Harvester Co., Wisconsin 
Steel Works, 2701 E. 106th St., Chi- 
cago 17, Ill. 
A, B, D, E, K, L 
Jones & Laughlin Steel Corp., 3 Gateway 
Center, eae 30, Pa. 
LaSalle Steel Co., 
mond, 


1412 150th St., Ham- 


Michigan Seamless Tube Co., 400 West 
ame South Lyon, Mich. 


Michigan Wire Cloth Co., 2100 Howard 
St., Detroit 16, Mich. 
N 


Midvale- mstall Co., Nicetown, Phil- 
adelphia 40, Pa. 

Phoenix Steel Corp. ‘Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
D, E, G,M 

Pittsburgh Steel Co., 
aaa 30, Pa. 


1600 Grant Bldg., 


H. K. Porter Co., West Virginia Works— 
Connors Steel Div., P. O. Box 118, 
Huntington 6, W. Va. 

A 





Republic Steel Corp., Bidg., 
leveland 1, Ohio 
A, B, D, E, GL J, K,M 
(See Ad, Pages 162° aa 163) 
Republic Steel Corp., Union Drawn Steel 
biv.. P. O. Box 570, 401 Rose Ave. S.E., 
Massillon, Ohio 


A, I 
(See Ad, Pages 162 and 163) 
7 Steel Corp., S. Irvine Ave., Sharon, 


B D, E, J, K 
Sheffield Div., Armco Steel Corp., Kan- 


sas City 25, Mo. 
B 


Republic 


Standard Steel Works Div., The Baldwin- 
<= Corp., Burnham, Pa. 
D 


Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 
A, B, M 

Tubular Products Div.. The Babcock & 
Wilcox Co., Beaver Falls, Pa. 

M 


7" Gee Ad, Page 137) 


U. S. Steel Corp., South Works, 3426 
E. 89th St., Chicago 17, Ill. 
A, B 


(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


U. S. Steel Corp. 525 William Penn 
Place, Pittsburgh 30, Pa. 
A, B, D, E, G, I, J, K, L. M, N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


Waimet Alloys Co .. 5320 Oakman Blvd. 
Dearborn 2, Mich. 


Wyckoff Steel Co., P. O. Box 1256, Pitts- 
burgh 30, Pa. 
A. E, H 


AISI] Grades 50XX, 51XX 


Acme-Newport Steel Co., 9th & Lowell, 
Newport, Ky 
D, E, J, H 

American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Ill. 
A, M, H 

American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio 
A, B, I, K, N 

Armco Steel Corp., Sheffield Steel Div., 
ee = 3129, Industrial Rd., Hous- 
ton I, 
A, B, D. E LKLN,H 

Athenia Div., National-Standard Co., Clif- 
ton, N J 
K 


a & Wilcox Co., Barberton, Ohio 


(See Ad, Page 137) 


Bethlehem Steel Co., Bethlehem, Pa. 
A, B, D, E, M, H 
(See Ad, Page 161) 


Buchanan Steel Products Corp., Buchanan, 
Mich. 
A 


The Carpenter Steel Co., Metallurgical 
t., 101 W. Bern St., "Reading, Pa. 
» D, L KN 
(See Ad, Page 164) 
Columbia Steel & Shafting Co., Carnegie, 
Pa. 
on N 
Cypress Steel Co., Aristoloy Steel Div., 


een _ 
A. B, D 
omer a Co., Superior Steel Div., 


Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of America, Four Gate- 
~~ ae 22, Pa. 


, D, J 
Erie Forge & Steel Corp. 1341 W. 16th 
St., Box 180, Erie 1, Pa. 


Etiwanda Steel Producers Inc., P. O. 


Drawer 8, Etiwanda, Calif. 
A. Finkl & Sons Co., 2011 Southport Ave., 
Chicago 14, Ill. 


D 
ory SD Steel Corp., Ecorse, Mich. 
D 


Industrial Forge & Steel Co., 1502 Allen 


Ave. S.E., Canton 1, Ohio 


B, D 
I ll Steel Div., Borg-Warner Corp 
O. Box 273, New Castle, Ind. 
D, E, 

International Harvester Co., Wisconsin 
Steel Works, 2701 E. 106th St. Chi- 
cago 17, Ill. 

A, B, D, E, K, L 

Jones & Laughlin Steel Corp., Stainless & 

ts Div., Box 4606, Detroit 34, Mich. 


Jones & Laughlin Steel Corp., Stainless & 
Strip Div., 45 S. Montgomery Ave., 
Youngstown 1, Ohio 
K 


Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa 
A, B, D, I, M, H 

Kaiser Steel Corp., 300 Lakeside Drive, 
Oakland 12, Calif. 
A, B 

LaSalle Steel Co., 1412 150th St., Ham- 
mond, Ind. 
A, H 

Latrobe Steel Co., 2626 Ligonier St., La- 
trobe, Pa. 
A, B, D, I 

Michigan Seamless Tube Co., 400 West 
Ave., South Lyon, Mich. 
M 

Michigan Wire Cloth Co., 2100 Howard 

St. troit 16, Mich. 


Midvale-He tall Co., Nicetown, Phil- 
adelphia 40, Pa. 
B, D 


National Standard Co., 601 N. Eighth St., 
Niles, Mich. 


New England High Carbon Wire Co., 50 
Howe Ave., Millbury, Mass. 
N 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
D, E, G,M 

Pittsburgh Steel Co., 
Pittsburgh 30, Pa. 
M 


1600 Grant Bldg., 


H. K. Porter Co., West Virginia Works— 
Connors Steel Div., P. O. Box 118, 
Huntington 6, W. Va. 
A 

Republic Steel Corp., Republic Bldg., 
cleveland 1, Ohio 

A, B, D, E, G, I,J, K,M,N 

(See , Pages 162 and 163) 
.. Union Drawn Steel 
0, 401 Rose Ave. S.E., 


Republic Steel 
iv., P. O. Box 
Massillon, Ohio 
I 


(See Ad, Pages 162 and 163) 
Sharon Steel Corp., S. Irvine Ave., Shar- 


on, a. 

B, D, E, J, K 

Sheffield Div., Armco Steel Corp., Kan- 
sas 25, Mo. 


Standard Steel Works Div., The Baldwin- 
—— Corp., Burnham, Pa. 


Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 
A, B, M 

Tubular Products Div., The Babcock & 
Wilcox Co., Beaver Falls, Pa. 


,L,M 
(See Ad, Page 137) 
U. S. Steel Corp., South Works, 3426 
E. 89th St., Chicago 17, Ill. 
A, B, E 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
U. S. Steel Corp., 525 William Penn 
Place, Pittsburgh 30, Pa. 
A, B, D, E, G, I, J, K, L, M, N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


Waimet Alloys Co., 5320 Oakman Blvd., 
pone 2, Mich. 


Washburn Wire Co., Bourne Ave., Phil- 
lipsdale, Rumford 16, R. 1. 
I, K, N 


Wyckoff Steel Co., P. O. Box 1256, Pitts- 
burgh 30, Pa 
A, E, H 


AIS! Grade 61XX 
Acme-Newport Steel Co., 9th & Lowell, 


De Ky. 


American Brake Shoe Co., Amforge Div., 
OCH Hoyne Ave., Chicago 8, Ill. 


American Steel & Wire Div., U. S. Steel 
Corp, Rockefeller Bldg., Cleveland 13, 


R . I,K,N 

Armco Steel Corp., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Hous- 
ton 1, Tex. 
A, B, D, E, 1, K, L, N, H 

——- Spring Corp., Gibson Div., 
f Shs x 386, Mattoon, Ill. 


Bethlehem Steel Co., Bethlehem, Pa. 
A, B, D, E, I, M, N, H 
(See Ad, Page 161) 
mter Steel Co., Metallurgical 
Ol W. Bern St., "Reading, 
.D, I,K,N 
(See Ad, Page 164) 


an Steel & Shafting Co., Carnegie, 
a. 

A, N 
Copperweld Steel Co., Aristoloy Steel Div., 


Warren, Ohio 
A, B, D, H 


ae, a ny Steel Co., Superior Steel Div., 
rnegie, Pa. 
ix 


Acme-Newport Steel Co., 9th & Lowell, 
Newport, Ky. 
D, E, J, H 
Copperweld Steel Co., Warren, Ohio 
A, B, D 
Id Stee! Co., The Ohio Seamless 
ube Div., 132-140 W. Main St., Shelby, 
Ohio 


(See Ad, Page 165) 


Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of America, Four Gate- 
hy Center, Pittsburgh 22, Pa. 
D, N, H 
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Erie Forge & Steel a. 1341 W. 16th 
St., Box 180, Erie 1, 


D 
A. Finkl & Sons Co., 2011 Southport Ave., 
nee 14, Il. 


oi Steel Corp., Ecorse, Mich. 
Heppenstall Co., 4620 Hatfield St., Pitts- 
burgh 1, Pa. 


B, 
Industrial Forge & Steel Co., 
Ave. S.E., Canton 1, Ohio 


B, D 

Ingersoll Steel Div., Borg-Warner Corp 
P. O. Box 273, New Castle, Ind. 
D, E, J 

International Harvester Co., Wisconsin 
Steel Works, 2701 E. 106th St., Chi- 
cago 17, Il. 
A, B, D, EF, K, L 

Jones & Lzeughlin Steel Corp., Stainless 
& Strip Div., 45 S. Montgomery Ave., 
Youngstown i, Ohio 
K 


1502 Allen 


Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa. 
B, D, | M 

Kaiser Steel Corp., 300 Lakeside Drive, 
Oakland 12, Calif. 


A, B, 
Lukens Steel Co., 453 Services Bldg., 
Coatesville, Pa. 


LaSalle Steel Co., 
mond, Ind. 


A, 
Michigan Seamless Tube Co., 400 West 
~ am South Lyon, Mich. 


Michigan Wire Cloth Co., 2100 Howard 
St., Detroit 16, Mich. 


1412 150th St., Ham- 


N 

Midvale-Heppenstall Co., Nicetown, Phil- 
adelphia 40, Pa. 
B, D 


New England om Carbon Wire Co., 50 


Howe Ave., Millbury, Mass. 

N 

Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
D, E, G, M 

Pittsburgh Steel Co., 
Pittsburgh 30, Pa. 
M 


1600 Grant Bldg., 


H. K. Porter Co., West Virginia Works— 
Connors Steel’ Div., P. O. Box 118, 
Huntington 6, W. Va. 

A 


Republic Steel Corp., 
leveland 1, Ohio 
A, B, D, E, G, 1, J, K, M, N 
(See Ad, Pages 162 and 163) 


——, Steel —— Union Drawn Steel 
P. O. Box 570, 401 Rose Ave. S.E., 
Masillon, Ohio 


(See Ad, Pages 162 and 163) 
Sharon Steel Corp., S. Irvine Ave., Shar- 
on, Pa. 
B, D, E, J, K 
Standard Steel Works Div., The Baldwin- 
— Corp., Burnham, Pa. 
, D 
Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 
A, B, M 


Tubular Products Div.. The Babcock & 
Wilcox Co., Beaver Falls, Pa. 
G, L, M 
(See Ad, Page 137) 
U. S. Steel Corp., South Works, 3426 E. 
ay Chicago 17, Ill. 


A, 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


Republic Bldg., 


1961 Edition 


U. S. Steel 
Place, Pittsburg 
A, B, D, E, 
(See Ads, P. 
159) 
Waimet Alloys 5320 Oakraan Blvd., 
- ania 2, Mi h. 


Washburn Wire Co., Bourne Ave., Phil- 
lipsdale, Rumford 16, R. 1. 


I, K,N 
Wheelock, Lovejoy & Co. Inc., 128 Sid- 
ney St., Cambridge 39, Mass 


A, B, 

Wyckoff Steel Co., P. O. Box 1256, Pitts- 
burgh 30, Pa. 
A, E, H 


AISI Grades 86XX, 87XX, 92XX 


Acme-Newport Steel Co., 9th & Lowell, 
Newport, Ky. 


American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Ill. 


A, M, H 
American Steel & Wire Div., U. Steel 
Corp., Rockefeller Bidg., Clevdlond 13, 
Ohio 
A, B, I, K, N 
Armco Steel Corp., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Hous- 
ton 1, Tex. 


A, B, D, E, I, K, L, N, H 
Bethlehem axe Co., Bethlehem, Pa. 
A, B, D, E, I, M, N, H 
(See Ad, Page 161) 
Buchanan Steel Products Corp., Buchan- 
an, Mich. 
H 


The Carpenter Steel Co., Metallurgical 
t., 101 W. Bern St., Reading, Pa 
A, B, D, L. K, N 
(See Ad, Page 164) 
The Champion Steel Co., 30520 Lakeland 
Blvd., Willowick, Ohio 
.D 
a Steel & Shafting Co., Carnegie, 
4 
Co peer Steel Co., Aristoloy Steel 
.. Warren, Ohio 
AB .D,H 
Co eld Steel Co., 
_ Carnegie, Pa. 


(See Ad, Page 165) 


rr D> Steel Co., Warren, Ohio 
Coe Steel Co., The Ohio Seamless 
be Div., 132-140 "W. Main St., Shelby, 
Ohio 
M 
Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Superior Steel 


Crucible Steel Co. of America, Four Gate- 
Hy! Center, Pittsburgh 22, Pa. 


Erie Forge & Steel Corp., 1341 W. 16th 
yy Box 180, Erie i, Pa 


Federal Tool & Mfg. Co., 3600 Alabama 
rn Minneapolis 16, Minn. 


A. Finkl & Sons Co., 2011 Southport Ave., 
Chicago 14, Ill. 
. D 
Great Lakes Steel Corp., Ecorse, Mich. 
A, B, D 
Heppenstall Co., 4620 Hatfield St., 
burgh 1, Pa. 


Pitts- 


Industrial Forge & Steel Co., 1502 Allen 


“et S.E., Canton 1, Ohio 


I mt Steel Div., Borg-Warner Corp., 
rs 3 a 273, New Castle, Ind. 

International Harvester Co., Wisconsin 
Steel Works, 2701 E. 106th St., Chi- 
cago 17, Ill. 
A, B, D, E, K, L 

Jones & Laughlin Steel Corp., Stainless 
& Strip Div., Box 4606, Detroit 34, 
Mich. 


A, B 

Jones & Laughlin Steel Corp., Stainless 
& Strip Div., 45 S. Montgomery Ave., 
Youngstown 1, Ohio 
K 


Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa. 
A, B, D, L, M, 

Kaiser Steel Corp. 300 Lakeside Drive, 
— 12, if. 


A, 
LaSalle Steel Co., 
mond, Ind. 


A, H 

Latrobe Steel Co., 2626 Ligonier St., La- 
trobe, Pa. 
A, B, D, I 

Lukens Steel Co., 453 Services Bldg., 
Coatesville, Pa. 


E 
Michigan Seamless Tube Co., 400 West 
ae South Lyon, Mich. 


Michigan Wire Cloth Co., 2100 Howard 
St., Detroit 16, Mich. 


N 
Midvale-H nstall Co., Nicetown, Phil- 
adelphia 40, Pa. 


B, D 
New England = Carbon Wire Co., 
- Howe Ave., Millbury, Mass. 


Owensboro Forging Co. Inc., Box 492, 
Owensboro, Ky. 


H 
Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
D, E, G, M 
Pittsburgh Steel Co., 1600 Grant Bldg., 
+ eae 30, Pa. 


Ham- 


1412 150th St., 


H. K. Porter Co., West Virginia Works— 
Connors Steel Div., P. O. Box 118, 
Huntington 6, W. Va. 

A 


Republic Steel Corp., Republic 
leveland 1, Ohio — 
A, B, D, E, G, 1, J, K, 
"(See Ad, Roe 2 ool 163) 
Republic Steel Corp., Union Drawn Steel 
iv., P. O. Box 270, 401 Rose Ave. S.E., 
Massillon, Ohio 


(See Ad, Pages 162 and 163) 


John A. Roebling’s Sons Div., Colorado 
Fuel & Iron rp., 640 S. Broad St., 
nasa 2, N. J. 


Bldg., 


Sharon Steel Corp., S. Irvine Ave., Shar- 
on, Pa. 
B, D, E, J, K 

Sheffield Div., Armco Steel Corp., Kan- 
sas City 25, Mo. 
A, B 


Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 


Superior Drawn Steel Co., Monaca, Pa. 
K'N 
as - a Tube Co., Wapakoneta, Ohio 


Superior Tube Co., P. O. Drawer 191, 


Norristown, Pa. 
M 





Thompson Wire Co., 41 Mildred Ave. 
—— 26, Mass. 


Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 


A, b, M 
Tube Reducing Corp. P. O. Box 959, 
a, N. J. 


Tubular Products Div., The Babcock & 
Wilcox Co., Beaver Falls, Pa. 


G, L, M 
(See Ad, Page 137) 
U. S. Steel Corp., South Works, 3426 E. 
89th St., Chicago 17, Ill. 
A, B, E 
(See Ads, Pages 153, 154, 155, 156, 157 
158 and 159) 
U. S. Steel Corp. 525 William Penn 
Place, Pittsburgh 30, Pa. 
A, B, D, E, G, 1, J, K, L, M, N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
Vanadium-Alloys Steel Co. Inc., Pitts- 
burgh Tool Steel Wire Co. Div., 1535 
Beaver Ave., Monaca, Beaver, Pa. 
A, I 
Waimet Alloys Co., 5320 Oakman Blvd., 
Dearborn 2, Mich. 
D 
Washburn Wire Co., Bourne Ave., Phil- 
lipsdale, Rumford 16, R. L 
IL K, N 
Wyckoff Steel Co., 
burgh 30, Pa. 
A, E, H 


P. O. Box 1256, Pitts- 


AISI Grades 93XX, 97XX, 98XX 


American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Ill. 
A, M, H 

American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 


Armco Steel Corp., Sheffield Steel Div., 
P. ©. Box 3129, Industrial Rd., Hous- 
ton |, Tex 
A, B, D, E, I K, L, N,H 

Associated Spring Corp., Gibson Div., 
P. O. Box 336, Mattoon, Ill. 

N 
Bethlehem Steel Co., Bethlehem, Pa. 
A, B, D, M, H 
(See Ad, Page 161) 
The Coupee Steel Co., Metallurgical 
Ol W. Bern St., "Reading, 
A, B, D, 1, K, N 
(See Ad, Page 164) 

The Champion Steel Co., 30520 Lake 

land Blvd., Willowick, Ohio 


Columbia Steel & Shafting Co., Carnegie, 
Pa. 
A, N 

Copperweld Steel Co., 
aa Ohio 


Aristoloy Steel Div., 


Copperatd Steel Co., Superior Steel Div., 
a Pa. 
Pe Steel Co., Warren, Ohio 
A, B, D 
Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of America, Four Gaie- 
kD a, as 22, Pa. 


Erie Forge *. - Corp., 1341 W. 16th 
St., Box 180, Erie 1, Pa. 
D 


148 


A. Finkl & Sons < 2011 Southport 
os Chicago 14, Il 


Industrial Forge & Steel Co., 
Ave. S.E., Canton 1, Ohio 


D 
ll Steel Div., -Warner Corp., 
. O. Box 273, New Castle, Ind. 


, EJ 

International Harvester Co., Wisconsin 
Steel Works, 2701 E. 106th St., Chi- 
cago 17, Ill. 
A, B, D, E, K, L 

Jones & oe Steel Corp., Stainless 
& Strip Div., 45 S. Montgomery Ave., 
——- i, Ohio 


1502 Allen 


Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa. 
B, D, I, M 

LaSalle Steel Co., 1412 150th St., 
—_ Ind. 


A,H 
Latrobe Steel Co., 2626 Ligonier St., La- 
trobe, Pa. 


A, B, D, I 
Lukens Steel Co., 453 Services Bldg. 
sre Pa. 


Michigan Seamless Tube Co., 400 West 
toe South Lyon, Mich. 


Michigan Wire Cloth Co., 2100 Howard 
St., Detroit 16, Mich. 


Ham- 


Midvale-Heppenstall Co., Nicetown, Phil- 
— 40, Pa. 
D 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
M 


E, 
Pittsburgh Steel Co., 1600 Grant Bldg., 
cae 30, Pa. 


H. K. Porter Co., West Virginia Works— 
Connors Steel Div. P. O. Box 118, 
Huntington 6, W. Va. 
A 

blic Steel Corp., Bldg., 
leveland 1, Ohio 
A, B, D, E, G, I, J, K, M, N 
(See Ad, Pages 162 and 163) 

Republic Steel Co Union Drawn Steel 
Div., P P. O. Box et, 401 Rose Ave. S.E., 
Massillon, Ohio 

I 


(See Ad, Pages 162 and 163) 
Sharon Steel Corp., S. Irvine Ave., Sharon, 


Pa. 
B, D, E, J, % 

Standard Steel Works Div., The Baldwin- 
) Corp., Burnham, Pa. 
Timken Steel & Tube Div., The Timken 
7. Co., Canton 6, Ohio 


Tubular Products Div.. The Babcock & 
Wilcox Co., Beaver Falls, Pa. 
G, L, M 
(See Ad, Page 137) 
U. S. Steel Corp., South Works, 3426 
E. 89th St., Chicago 17, Ill. 


A, B 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
U. S. Steel Corp., 525 William Penn 
Place, Pittsburgh 30, Pa. 
A, B, D, E, G, I, J, K, L, M,N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


Waimet Alloys Co., 5320 Oakman Blvd., 
Dearborn 2, Mich. 
D 


Republic 


Wyckoff Steel Co., P. O. Box 1256, Pitts- 
burgh 30, Pa. 
A, E, H 


Boron Steels 


American Brake Shoe Co., Amforge Div 
AM H Hoyne Ave., Chicago 8, Ill. 


Steel & Wire Div S. Steel 
Corp., Rockefeller Bldg., fSeatbe 13, 
Ohio 
ane “y 7 Sheffield Steel Div 
P. “PO “Box 31 “Cog Industrial Rd., Hous- 
ton 
A, 8’ D. & i K, L, 

Bethlehem _ Co., Bethlehem, Pa. 

A, B, E, M 


(See Ad, Page 161) 
ee Steel & Shafting Co., Carnegie, 
a. 
A, N 
Copperweld Steel Co., Aristoloy Steel Div., 
Warren, Ohio 
A, B, D 


say. ey Steel Co., Superior Steel Div., 
a Pa. 


em Steel Co., Warren, Ohio 


Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 
A, B, D, N 

Great Lakes Steel Corp., Ecorse, Mich. 
A, B, D 


International Harvester Co., Wisconsin 
Steel Works, 2701 E. 106th St., Chicago 


Jones & Laughlin Steel Corp., 3 Gatewa 
—— Pittsburgh 30, Pa. , 


LaSalle Steel Co., 
mond, Ind 


1412 150th St., Ham- 


Michigan Wire Cloth Co., 2100 Howard 
Detroit 16, Mich. 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
D, E, G, M 

H. K. Porter Co., West Virginia Works- 
Connors Steel Div. P. O. Box 118, 
wae 6, W. Va. 


Republic Steel <anRe 
leveland 1, Ohio 
A, B, D, E, GL J, K,L,M 

(See Ad, Pages 162 and 163) 


oe Steel Corp., S. Irvine Ave., Sharon, 
B D, E, J, K 


Sheffield Div., Armco Steel Corp., Kansas 
th 25, Mo. 
A, 


Republic Bldg., 


Timken Steel & Tube Div., The Timken 
Roller , ees Co., Canton 6, Ohio 


U. S. Steel Corp., South Works, 3426 
: -_ St., Chicago 17, Ill. 

(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
panbGenge Steel Corp., Bridgeville, 

‘a. 
A, B, D, I, J, K, N 


Wyckoff Steel Co., P. O. Box 1256, Pitts- 
burgh 30, Pa. 
A, E, H 


Stainless Steels 


Stainless steels are iron-base alloys con- 
taining more chromium than the 12 per 
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cent necessary to produce passivity, but 
less than 30 per cent. 


American Brake Shoe Co., yh Div., 
2621 S. Hoyne Ave., Chicago 
A 


American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio 
A, B, 1, K, N 


Applicator | Co., Brooklyn 
, N. 


157-63 13th St., 


Armen Div., Armco Steel Corp., 703 Cur- 
Middletown, Ohio 
A, B, C, P ELJKLN 
Armco Steel Corp., Butler, Pa. 


J, K 
Associated Spring Corp. Gibson Div., 
4 oe Box 336, Mattoon, Iil. 


Bebeok & Wilcox Co., Barberton, Ohio 


(See Ad, Page 137) 
J. Bishop & Co., Platinum Works-Tubu- 
lar Prod. Div., Malvern, Pa. 
M 


(See Ad, Page 166) 


Bridgeport Brass Co., Bridgeport 2, Conn. 


K 
Brookfield Wire Co. Inc., Fiskdale Rd., 


Brookfield, Mass. 
N 

Buchanan Steel Products Corp., Buchanan, 
Mich. 


A 


Calstrip Steel Corp., 7140 Bandini Blvd., 
Los Angeles 22, Calif. 
K 


G. O. Carlson Inc., Thorndale, Pa. 
A, E 


nter Steel Co., Alloy Tube Div., 
eld Rd., Union, N. J. 


(See Ad, Page 164) 

The Carpenter Steel Co., Metallurgical 
Dept., 101 Poe Bern St., Reading, Pa. 
A, B, D, I, K, M, N 

(See See Ad, Page 164) 

Columbia Steel & Shafting Co., Carnegie, 
Pa. 

M 

Copperweld Steel Co., Aristoloy Steel Div., 
Warren, Ohio 
A, B 

Copperweld Steel Co., Superior Steel Div., 
Carnegie, Pa. 

K 


The Ca 
a © 


Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A 


Crucible Steel Co. of America, Sanderson- 
Halcomb Works, P. O. Box 977, Syra- 
cuse 1, N. Y. 

A, B, I, N 

Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 
A, B, D, E, G, I, J, K, M, N 

Damascus Tube Co., Greenville, Pa. 

Detroit Induction Heating Co., 12120 
Cloverdale, Detroit 4, Mich. 

A, K 

Dove Die & Stamping Co., 3009 E. 50th 
St., Cleveland 27, Ohio 
,K 

Durable Wire Inc., Beaver Rd., Branford, 


Conn. 


E. B. Metal Products Co. Inc. 12-12 
es Plaza S., Long Island City 1, 


A, G, I, J, K, L, M, N 


1961 Edition 


Elec:ric Wire Co. Inc., 122 Federal St., 


Northampton, Mass. 


Federal Tool & Mfg. Co., 3600 Alabama 
Ave., Minneapolis 16, Minn. 


J 
A. Finkl & Sons Co., 2011 Southport Ave., 
Chicago 14, Il. 


B, D 

Firth-Sterling Inc., 2201-3299 Demmler 
Rd., McKeesport, Pa. 
A, B, D,L 

Greenville Tubes Inc., Box 30, Greenville, 


Gr N 

Hoeganaes Sponge Iron Corp., River Rd. 
& Taylor Lane, Riverton, N. J. 
F 


Independent Nail & Packing Co., 106 
Hale St., Bridgewater, Mass. 


N 
In Il Steel Div., ag , Boag = Corp., 
. O. Box 273, New Castle, Ind. 


D, E, J 
International Powder Metallurgy Co., 439 
Main St., Ridgway, Pa. 
4 


A, IL, 

Janney Cylinder Co., 7401 State Rd., 
Philadelphia 36, Pa. 
M 


Jones & Laughlin Steel Corp., Stainless & 
Strip Div., Box 4606, Detroit 34, Mich. 
B, D, LJ, KN 
Jones & Laughlin Steel Corp., Stainless & 
Strip Div. 45 S. Montgomery Ave., 
Youngstown 1, Ohio 
K 


Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa. 
A, B, D, I, J, K, N 
Joslyn Stainless Steels, Div. of Joslyn Mfg. 
& Supply Co., 155 N. Wacker Drive, 
Chicago 6, Ill. 
A, B, D, I, L, N 
Latrobe Steel Co., 
robe, Pa. 
A, B, D, I 
McLouth Steel Corp., 300 S. Livernois 
Ave., Detroit 17, Mich. 


2626 Ligonier St., Lat- 


Michigan Wire C'oth 
= Detroit 16, Mich. 


Co., 2100 Howard 


Midv ie eo Co., Nicetown, Phil- 
5 Spealivs , Pa. 
D 


Modern Metal Products, 726 Beacon St., 
regions 6, Tl. 


National Standard Co., 601 N. Eighth St., 
_ Mich. 


Ott Mfg. Inc., 101 Newark Way, Maple- 
ae N. J. 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
E, M 

Republic Steel Corp., Republic Bldg., 

Cleveland 1, Ohio 

A, B, D, E, G, I, J, K 

(See Ad, Pages 162 eed 163) 


Republic Steel Corp., Steel & Tubes Div., 
aera 8, Ohio 
(See Ad, Pages 162 and 163) 
Republic Steel Corp., Union Drawn Steel 
Div., P. O. Box 570, 401 Rose Ave. 
S E. Massillon, Ohio 
(See Ad, Pages 162 and 163) 
Rodney Metals Inc., 1357 Rodney French 
Bivd., New Bedford, Mass. 


C, K 
(See Ad, Page 152) 


Simonds Saw & Steel Co. Inc., Steel Mill 
Div., Lockport, N. Y. 
A, B, D, E, J 

Somers Brass Co., 94 Baldwin Ave., Wat- 
ee Conn. 


Standard Steel Works Div., The Baldwin- 
semana Corp., Burnham, Pa. 
B 


Superior Tube Co., Wapakoneta, Ohio 
Superior Tube ac P. O. Drawer 191, 


> Seman a 


S Tube Corp., One Clifton Blvd., 
po N. J. 
G, M 

Timken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 
A, B, M 

Trent ae Co., P. CO. Box 468, Fullerton, 

if. 
G, M 
(See Ad, Page 160) 

Trim Trends Inc., 25606 W. Seven Mile 
Rd., Detroit 40, Mich. 
K 


Tube Reducing Corp. P. O. Box 959, 
Passaic, J. 
M 

Tubular Products Div., The Babcock & 
Wilcox Co., Beaver Falls, Pa. 


G, L, M 
(See Ad, Page 137) 


Union Steel Corp., 2150 Stanley Terrace, 
Union, N. J. 
K 


U. S. Pipe & Foundry Co., Steel & Tubes 
Div., Burlington, N. J. 

U. S. Steel Corp., South Works, 3426 E. 
89th St., Chicago 17, Ill. 


(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
U. S. Steel Corp., Gary Sheet & Tin Mill, 
i - Box 59, Gary, Ind. 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
U. S. Steel a = William Penn 
Place, are 30, 
A, B, D, E, G, J, K, Lb ™, N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


Universal-Cyclops Steel Corp., Bridgeville, 


a. 
A, B, D, I, J, K, N 
Vanadium-Alloys Steel Co., P. O. Box 151, 
Latrobe, Pa. 
F, M 
Waimet Alloys Co., 5320 Oakman Blvd., 


Dearborn 2, Mich. 


D 


Wall Tube & Metal Products Co., New- 
he Tenn. 


The Wallingford Steel Co., Valley St., 
Wallingford, Conn. 
. G,K, M 
Westinghouse Electric Corp. Box 128, 
— Pa. 


Wisconsin Wire Works, 1002 N. Meade, 
o O. Box 767, Appleton, Wis. 


wearer Steel Corp., Washington, Pa. 
William-Wallace Co., Box 137, Belmont, 
aa 





Ferritic 


American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Ill. 
A 


American Stel & Wire 
Corp., Rockefeller Bldg., 
Ohio 
A, B, . K, N 

Armco Div., Armco Steel Corp., 703 Cur- 
tis St. Middletown, Ohio 
A, B, Cc D, E, I, J, K, L, N 

— Steel Corp., Butler, Pa. 


Div., U. 35. Steel 
Cleveland 13, 


Babcock & Wilcox Co., Barberton, Ohio 
G 
(See Ad, Page 137) 


J. Bishop & Co., Platinum Works-Tubu- 
4 Prod. Div., Malvern, Pa. 


(See Ad, Page 166) 


Brookfield Wire Co. Inc., Fiskdale Rd., 
Brookfield, Mass. 
N 

Buchanan Steel Products Corp., Buchanan, 
Mich. 
A 

Calstrip Steel Corp., 7140 Bandini Blvd., 
Los Angeles 22, Calif. 
K 

G. O. Carlson Inc., Thorndale, Pa. 
A, E 

The Car 
Springfield Rd., 
G, M 


nter Steel Co., Alloy Tube Div. 
Union, N. J. 


(See Ad, Page 164) 


The Carpenter Steel Co., Metallurgical 
Dept., 101 W. Bern St., Reading, Pa. 
A, B, D, 1, K, M, N 

(See Ad, Page 164) 


Columbia Steel & Shafting Co., Carnegie, 
Pa 
M 

Copperweld Steel Co., Superior Steel Div., 
Carnegie, Pa 


Coulter Steel & Forge Co., 1494 67th 
St., Emeryville, Oakland 8, Calif. 
A 

Crucible Steel Co. of America, Sanderson- 
mn ag Works, P. O. Box 977, Syra- 
cuse I, Y 
A, B, L N 

Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 
A, B, D, E, G, 1, J, K, M,N 

—_ Die & Stamping Co., 3009 E. 50th 

Cleveland 27, Ohio 

; K 

Durable Wire Inc., 
Conn 


Beaver Rd., Branford, 


Electric Wire Co. Inc., 
Northampton, Mass 


122 Federal St., 


Federal Tool & Mfg. Co., 3600 Alabama 
Ave., Minneapolis 16, Minn. 
J 
A. Finkl & Sons Co., 
Chicago 14, Ill 
B, D 
Firth-Sterling Inc, 2201-3299 
Rd., McKeesport, Pa. 
A, B,D, LN 
Hoeganaes Sponge Iron Corp., River Rd. 
& Taylor Lane, Riverton, N. J. 
F 


2011 Southport Ave., 


Demmler 


Independent Nail & Packing Co., 106 
Hale St., Bridgewater, Mass. 
N 


130 


-Warner Corp., 


Il Steel Div. 
stle, Ind. 


. O. Box 273, New 
D, E, J 
Jones & | ty Steel Corp., Stainless & 
re 4% Box 4606, Detroit 34, Mich. 
D, i, J, K, N 
Jones & Laughlin Steel Corp., Stainless & 
Strip Div., 45 S. Montgomery Ave., 
Youngstown 1, Ohio 


Jones & Laughlin Steel Cm. 3 Gateway 
Center, Pittsburgh 30, 
A, B, D, LJ, KN 
Joslyn Stainless Steels, Div. of Josly Mfg. 
Co., 155 N. Wacker Drive, 


Latrobe Steel Co., 2626 Ligonier St., Lat- 
robe, Pa. 
A, B, D, I 

McLouth Steel Corp., 300 S. 
‘e4 Detroit 17, Mich. 


Livernois 


Michigan Wire Cloth Co., 2100 Howard 


St., Detroit 16, Mich. 
N 


Midvale-Heppenstall Co., Nicetown, Phil- 
— 40, Pa. 
B 


National Standard Co., 601 N. Eighth St., 
Niles, Mich. 
N 

Ott Mfg. Inc., 101 Newark Way, Maple- 
wood, N. J. 


J 
Phoenix Steel Corp., Structural & Tube 
¥w., 121 Bridge St., Phoenixville, Pa. 
M 


Republic Steel Corp., Republic Bldg., 
Cleveland 1, Ohio 
A, B, D, EB G, I, J, K, M, N 
(See Ad , Pages 162 and 163) 
Republic Steel Com. Steel & Tubes Div., 
"aces 8, Ohio 


(See Ad, Pages 162 and 163) 
Republic Steel Corp., Union Drawn Steel 
Div., P. O. Box 570, 401 Rose Ave., 
S. E., Massillon, Ohio 


A, I 
(See Ad, Pages 162 and 163) 


Rodney Metals Inc., 1357 Rodney French 
Blvd., New Bedford, Mass. 


(See Ad, Page 152) 

Sharon Steel Corp., S. Irvine Ave., Sharon, 
Pa. 
B, D, E, K 

Simonds Saw & Steel Co. Inc., Stee! Mill 
Div., Lockport, N. Y. 
A, B, D, E, J 

Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 

D 


Superior Tube Co., 
M 
Superior Tube Co., P. O. 


o_o Pa. 


Wapakoneta, Ohio 


Drawer 191, 


— Tube Corp., One Clifton Blvd., 
Clif — N. J. 


Ticken Steel & Tube Div., The Timken 
Roller Bearing Co., Canton 6, Ohio 
A, B, M 
Trent Tube Co., East Troy, Wis. 
M 


(See Ad, Page 160) 
Tube Reducing Corp. P. O. Box 959, 
Passaic, N. J 


M 
Tubular Products Div.. The Babcock & 
Wilcox Co., Beaver Falls, Pa. 


G, L, M 
(See Ad, Page 137) 


Union Steel Corp., 2150 Stanley Terrace, 
aca N. J. 


U. S. Steel Corp., South Works, 3426 E. 
89th St., Chicago 17, Il. 


A, B 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
U. S. Steel Corp., Gary Sheet & Tin Mill, 
P. O. Box 59, Gary, Ind. 
J, K 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
U. S. Steel Corp., = William Penn 
fg Me ey 30, Pa. 
A, B, D, E, G, J, K, L, M, N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 
Universal-Cyclops Steel Corp., Bridgeville, 


Pa. 
A, B, D, I, J, K, N 
Vanadium-Alloys Steel Co., P. O. Box 151, 
Latrobe, Pa. 
Waimet Alloys Co., 5320 Oakman Blvd., 
Dearborn 2, Mich. 
D 


Wall Tube & Metal Products Co., New- 
port, Tenn. 
M 


The Wallingford Steel Co., Valley St., 
Wallingford, Conn. 
Cc, G,K,M 

Westinghouse Electric Corp. Box 128, 
_— Pa. 


Wisconsin Wire Works, 1002 N. Meade, 
€ O. Box 767, Appleton, Wis. 


ve Steel Corp., Washington, Pa. 


Martensitic 


American Brake Shoe Co., Amforge Div., 
- S. Hoyne Ave., Chicago & 8, “i 


American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio 
A, B, I, K, N 

Armco Div., Armco Steel Corp., 703 Cur- 
tis St., Middletown, Ohio 
A, B, C, D, E, I, J, K, L, N 

= Steel Corp., Butler, Pa. 


Associated Spring Corp., Gibson Div., 
P. O. Box 336, Mattoon, Ill. 
K, N 

J. Bishop & Co., Platinum Works-Tubu- 
Me Prod. Div., Malvern, Pa. 


(See Ad, Page 166) 
Brookfield Wire Co. Inc., Fiskdale Rd., 
Brookfield, Mass. 
N 


Buchanan Steel Products Corp., Buchanan, 
Mich. 
A 

G. O. Carlson Inc., Thorndale, Pa. 
A, E, 


The ter Steel Co., Alloy Tube Div., 
Springtield, Rd., Union, N. J. 


: (See Ad, Page 164) 
The Carpenter Steel Co., Metallurgical 
rey 101 W. Bern St., Reading, Pa. 
D, l, K, M 
(See Ad, Page 164) 
Co Steel Co., Superior Steel Div., 
egie, Pa. 
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KEYSTONE WIRE 


| fowatiliy 


makes possible 
°e 64% wire reduction 
e Large thin collar 
° Low-cost production 


for Elco Tool and Screw Corporation 


To coid head a plunger-selector lever, vital part in an automobile 
shift mechanism, is a four-blow operation successfully done by Elco 
Tool and Screw Corporation, Rockford, Illinois. Rigid specifica- 
tions call for a 64% wire reduction from the original .306” diameter 
wire. They also designate forming a .660” diameter collar while 
holding a section of the plunger shaft to a 15° +0° 30’. 

Dean Tollefsrud, Purchasing Agent for Elco, reports, “We have 
had excellent results from Keystone Steel & Wire Company C-1038 
Special Process Wire in making this plunger.” Adds Louie Zanin, 
Process Engineer, “Production runs and die life have been good 
for this difficult heading job. We have been successful in forming 
this part even though specifications are critical.” 

Keystone’s Research and Metallurgical departments have devel- 
oped special thermal treatments and closely controlled manufactur- 
ing procedures to insure uniform temper and structure throughout 
each coil. So, when your specifications call for major extrusions 
and severe upsetting, remember the flowability characteristics of 
Keystone Wire. If you desire, long continuous coils are available. 
We shall be glad to help you solve your wire problems. Write us 
for further details. 
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Keystone Steel & Wire Company, Peoria, Illinois 


KEYS TON E 


wirRe FOR iInOuUSTRY 


MANUFACTURED AT PEORIA, ILLINOIS. U.S.A 





Rodney 
delivers 


THIN STRIP 


and FOUL 


Precision Thinness 
in Stainless and 
Special Alloys... 


Rodney concentrates its entire 
efforts, research and production, toward 
furnishing super thin, extra wide, pre- 
cision rolled, metal strip and foil in all 
tempers and finishes. With the entire 
capacity of plant and personnel devoted 
exclusively to this specific area, Rodney 
can offer the added “know-how’’, manu 
facturing experience, quality control, 
and application knowledge your opera- 
tion may require 

Rodney produces stainless steel 
strip all alloys in widths from 
%” to 24 at gauges from .012 
to .0003”. Rodney also rolls high tem 
perature alloys and other special alloys 
on a production basis. Aluminum alloys, 
carbon steel strip and specialty custom 
rolling are also handled 


UNIQUE SERVICE 
DESCRIBED IN 


JUST DROP US A NOTE 
ON YOUR COMPANY 
LETTERHEAD 


RODNEY 
METALS, INC. 


ROONEY ROLLED iS 


QUALITY ‘CONTROLLED 


Mil 
Rodney French Bivd., New Bedford, Mass 


Executive Offices 

261 Fifth Avenue, New York 16, N.Y 

West Coast Office & Warehouse 

5462 East jilison St, Los Angeles 22, Calif 
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Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 


Crucible Steel Co. of America, Sanderson- 
Haleomb Works, P. O. Box 977, Syra- 
cuse 1, N. Y. 

A, B, I, N 


Crucible Steel Co. of America, Four Gate- 
way Center, Pittsburgh 22, Pa. 

A, B, D, E, I, J, K, M, N 
Dove Die & Stamping Co., 3009 E. 50th 
St., Cleveland 27, Ohio 
J, K 


Durable Wire Inc., Beaver Rd, Branford, 
Conn. 


N 


Electric Wire Co. Inc., 
Northampton, Mass. 
N 


122 Federal St., 


Firth-Sterling Inc., 2201-3299 Demmler 
Rd., McKeesport, Pa. 
A, B, D, I, N 


Ingersoll Steel Div., Borg-Warner Corp., 
P. O. Box 273, New Castle, Ind. 
D, E, J 


Jones & Laughlin Steel Corp., Stainless & 
re Div., Box 4606, Detroit, 34, Mich. 
B, D, J, K, N 


Jones & Laughlin Steel Corp., Stainless & 
Strip Div., 45 S. Montgomery Ave., 
Youngstown 1, Ohio 
K 

Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa. 

A, B, D, 1, J, K, N 


Joslyn Stainless Steels, Div. of Joslyn Mfg. 
& Supply Co., 155 N. Wacker Drive, 
Chicago 6, Ill. 

A, B, D, I, L, N 


Latrobe Steel Co., 2626 Ligonier St., La- 
trobe, Pa 


A, B, D, I 


McLouth Steel Corp., 300 S. Livernois 
Ave., Detroit 17, Mich. 
K 


, 


Michigan Wire Cloth Co., 2100 Howard 
St, Detroit 16, Mich. 
N 


Midvale-Heppenstall Co., Nicetown, Phil- 
adelphia 40, Pa. 


National Standard Co., 601 N. Eighth St., 
Niles, Mich. 
N 


Ott Mfg. Inc., 101 Newark Way, Maple- 


wood, iN. ] 


J 


Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
E, G, M 


Republic Steel Corp., Republic Bldg., 
Cleveland 1, Ohio 
A, B, D, E, G, I, J, K, M, N 
(See Ad, Pages 162 and 163) 


Republic Steel Corp., Steel & Tube Div., 
Cleveland 8, Ohio 


M 
(See Ad, Pages 162 and 163) 


Republic Steel Corp., Union Drawn Steel 
Div., P. O.-Box 570, 401 Rose Ave. 
S. E., Massillon, Ohio 


(See Ad, Pages 162 and 163) 


Rodney Metals Inc., 1357 Rodney French 
Blvd., New Bedford, Mass. 


Cc, K 
(See Ad, Page 152) 


Sharon Steel Corp., S. Irvine Ave., Sharon, 
Pa. 
B, D, E, K 


Simonds Saw & Steel Co. Inc., Stcel 
Mill Div., Lockport, N. Y. 
A, B, D, E, J 


, 


Somers Brass Co., 94 Baldwin Ave., Wat- 
erbury, Conn 
K 


Standard Steel Works Div., The Baldwin- 
’) Corp., Burnham, Pa. 


'. 


Tube Co., Wapakoneta, Ohio 
A 


Superior Tube Co., P. O. Drawer 191, 
Norristown, Pa. 
M 


Swe Tube Corp., One Clifton Blvd., 
Clifton, N. J. 
G, M 


Timken Steel & Tube Div., The Timken 
Roller as Co., Canton 6, Ohio 


Tubular Products Div., The Babcock & 


Wilcox Co., Beaver Falls, Pa. 
G, L, M 


Union Steel Corp., 2150 Stanley Terrace, 
Union, N. J. 
K 


U. S. Steel Corp., South Works, 3426 E. 
_ St., Chicago 17, Il 


A, B 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


U. S. Steel Corp., 525 William Penn Place, 
Pittsburgh 30, Pa. 
A, B, D, E, G, J, K, L, M, N 
(See Ads, Pages 153, 154, 155, 156, 157, 
158 and 159) 


a aaa Steel Corp., Bridgeville, 
a. 
A, B, D, I, J, K, N 


Vanadium-Alloys Stecl Co., P. O. Box 
15], Latrobe, Pa. 
A, B, D, E, F, I, J, M, 


Waimet Alloys Co., 
Dearborn 2, Mich. 
D 


5320 Oakman Blvd., 


Wall Tube & Metal Products Co., New- 
port, Tenn. 
M 


The Wallingford Steel Co., Valley St., 
Wallingford, Conn. 
C, G, K, M 


Washington Steel Corp., Washington, Pa. 
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latham talks design 


When you think of industrial design, you tend to recall the giants that gave birth to the profession in the late 
Twenties: Loewy, Teague, and Dreyfuss. But hot on their heels is another generation of designers. One of them 
is this year’s Chairman of the Board of the American Society of Industrial Designers, Richard Latham, a 
man who as late as 1940 was a combination floor sweeper and designer at Montgomery Ward when it was 
one of only three Midwestern companies that had design departments. 

Those were the days when industry was just beginning to realize that good design represented a competitive 
advantage. They were the days of Montgomery Ward’s “Good—Better—Best” policy in which they used design 
subtleties to distinguish between three different grades of the same item. “In those days,” Latham says, “design 
was largely a matter of face lifting. Today, industrial design is becoming a true planning function for industry, 
and the designer is concerned as much with making a product work better as he is with appearance.” 

Latham is well-qualified to tackle any problem of form or function. During World War II he worked in 
engineering research and development on aircraft, including the jet fighter, weapons systems and ballistics, 
and the first air-borne radar system. After the war he devoted five years abroad to the German porcelain 
industry. Since then his work has centered on “hard” products and transportation. Included in the latter are 
work on the new Greyhound Bus and the DC-€ and DC-7 aircraft series. Since early 1955, he has headed his 
own industrial design firm of Latham, Tyler, Jensen and worked on ceramic consumer products, corporate 
identity programs, the design and marketing of housewares, retail shop layouts, aircraft instrumentation and 
design of medical equipment. A number of striking exhibits have been designed by Latham, Tyler, Jensen, 
including the Cantigny War Memorial Museum at Wheaton, Illinois, and they’re currently working on the 
Hall of Health for the California Museum of Science and Industry. 

What is the designer’s function today? “The real question,” Latham says, “is what should it be? Industry is 
using industrial designers to create or redesign products for next year’s markets, or at the most just a few 
years ahead. But the industrial designer’s real talent lies in genuine innovation, in crystallizing the reality of 
not only what a product might be, but what it can be. He conceives of totally new products that aren’t even 





& 


in existence today, and then gets down to the hard work of adapting them to the home, to the everyday 
business of living. The true industrial designer works years ahead. He dreams. Short-term design and redesign 
on the other hand, should be a staff function of industrial corporations where it can be integrated into the 
total marketing plan, including product development, sales, market development, merchandising. Then the 
true industrial designer can act as a pure consultant to industrial management.” Is he needed? ““Woefully. 
He’s the only artist in business.” 

“But let’s not confuse the artistic designer with the Left Bank,” Latham says. “Industrial designers are—and 
have to be—hard-headed businessmen who must know what will sell and how well and easily the product 
can be manufactured. I haunt machine shops and production lines,” Latham says. “I talk to workers and 
foremen and try to analyze production problems, as well as educate them about what we’re striving for in 
the product design. Just as unrealistic design can make the production man lose his hair, a lack of understanding 
on the part of production people and insistence on long-standing production techniques can often ruin a design.” 

Selection of the right material for a design is another Latham trademark. The material must be capable of 
convenient fabrication, it must express the personality of the product that the designer is trying to achieve, 
and it must help move the product off shelves and showroom floors. 

Latham has used dozens of different materials, and it is no coincidence that the majority of his firm’s product 
designs have used steel in one way or another. He says, “Steel, after all, was the first metal available to man 
that could be stretched and pulled into form. Steel, to the designer, is form in tension. It has an inner strength 
that you feel. It was the first material that had enough ductility to be formed and drawn, yet at the same 
time enough strength to make a skeleton from which things could be hung, such as auto frames and certain 
types of architectural systems. And let’s not overlook the fact,” Latham says, “that this modern metal is the 
same one that made mass production possible.” 

The moral? Steel in its many forms has been with us for years, yet it continues to excite the imagination of 
people like Dick Latham and his associates who make a business of designing for the future. 
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This mark tells you a product 
is made ef modern, dependabie Steel 


Stainless Steel heat exchangers 
duplicate outer space at —443°F 


Missile scientists have turned to Stainless Steel to duplicate atmospheric 
conditions in outer space and save the great expense of actually firing missiles 
for pure test purposes. They can create temperatures as low a* -443°F in 
Stainless Stee] heat exchangers—and reduce air pressure to one-billionth of 
an atmosphere. Here is the problem Stainless solved: high-velocity-gas 
research demanded a heat exchanger that combined rapid cooling, compact- 
ness, lightness and freedom from contamination. For Tranter Manufacturing 
Company, fabricators of the unusual heat exchanger shown in the picture, 
Stainless filled the bill. Their Stainless “Platecoil” heat transfer unit cools 
50% faster than conventional coiled pipe designs; it weighs half as much as 
conventional units, and occupies only one-half the space. Because of Stain- 
less Steel’s superior corrosion resistance, problems of corrosive scaling are 
eliminated. Pipe design is unusual. Two sheets of Stainless are embossed with 
serpentine half-channels, then welded together. Stainless “Platecoil” is used 
to jacket the launching tubes on the Polaris submarine, and has many more 
conventional uses in the chemical, food processing and petroleum industries. 
No other metal could do the job as well as Stainless Steel. 


Cut costs with (ss) Special Sections 


A USS hot-rolled special section is an irregular steel shape, de- 
signed specifically for one purpose and rolled so that there is little 
or no finishing required to meet final specifications. It is difficult *: 
predict where a special section can come into a design. Its adoption 
follows a detailed analysis of production operations, such as ma- 
chining, grinding, welding or riveting; a study of scrap losses, 
freight economies, and a close look at mechanical requirements. 
Take a close look at some of the parts now being used in your 
designs. If you come to a conclusion that money can be saved or 
reliability can be improved, get in touch with us. If you want to see 
how manufacturers have made good use of USS Special Sections, 
write for our booklet, “Hot-Rolled Carbon Steel Special Sections.” 





600,000-barrel capacity storage tank built of © = 1” Steel 


The world’s largest oil storage tank is located in Mena 
Abdulla, Kuwait, on the Arabian Gulf. It was built by 
the Chicago Bridge & Iron Company of high-yield- 
strength USS “T-1” Constructional Alloy Steel. 
Its contents can fill a new super-tanker in one stop 
instead of several. By using ““T-1” Steel, the contrac- 
tor was able to save fabricating, shipping and erecting 
costs and get extra strength and corrosion resistance. 


The tank is 64 feet high and 260 feet in diameter. 
The shell consists of six 8-foot rings of “T-1” Steel, 
made to 115,000 psi minimum ultimate strength, and 
two top 8-foot rings made of A 131 grade A carbon 
steel. The tank has a Horton pontoon floating roof 
and the bottom of the vessel was made of A 283 grade 
C plates 14-inch thick. The “T-1” Steel shell thick- 
nesses, which ranged from one inch down to 14-inch, 
were determined on the basis of a design stress of 
38,333 psi, 4 of the minimum ultimate strength of the 
steel. Joint efficiency: 100%. By using USS “T-1” 
Steel in the lower rings, 42% less steel was required. 





USS “T-1” Steel offers the designer exceptional 
strength and toughness, even at very low tempera- 
tures. Some suggested uses are pressure vessels, 
equipment-hauling trailers, LP gas transports, off- 
shore rigs and other equipment that must be strong, 
light and corrosion-resistant. Our booklet, “USS “T-1’ 
Steel,” tells the whole story. Write United States 
Steel, 525 William Penn Place, Pittsburgh 30, Pa. 
“HORTON” is a registered trademark of Chicago Bridge & Iron Company 


new solutions for new problems 


U.S. Steel offers information 
on stress corrosion 


U. 8S. Steel researchers have been carrying on a pro- 
gram to determine the suitability of several very high 
strength alloy and stainless steels for aircraft and 
missile applications. Pictured here are several steel 
bands that have been tested to failure as part of this 
program. The study includes the effects of heat treat- 
ment and coatings on stress corrosion, and discusses 
the microstructural characteristics of stress corrosion 
cracks. The study is called, “Stress Corrosion of 
Steels for Aircraft and Missiles.”” Get your copy by 
writing to United States Steel. USS and “T-1” are 
registered trademarks of United States Steel. 






































For the literature offered here, or for additional infor- 
mation, write to United States Steel, Room 6357, 525 
William Penn Place, Pittsburgh 30, Pennsylvania. 
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ANGLES CHANNELS HEXAGONS ROUNDS HALF ROUNDS 





United States Steel offers the widest range of carbon and alloy bar sizes, shapes and grades available in the industry. 
We're a single source for all your requirements. 








Sickle guard 
forged from 
(ss) Bar Stock 


for longer life 


This forged and machined part will last longer 
than the cast design it replaced even though it 
weighs 12% less and costs less. It’s a sickle 
guard used on the cutting platform of a line of 
John Deere self-propelled combines, and is 
manufactured by Buchanan Stee! Products Cor- 
poration, Buchanan, Michigan. 


John Deere wanted the part to be thinner for 
maximum cutting coverage at high speeds, and 
shock- and wear-resistant so that it could self- 
sharpen the blade. The designers specified 
forged steel because it would mean a lighter, 
tougher, more durable part. The part is forged 
from bar flat steel produced by United States 
Steel. 


Design and fabrication possibilities are virtually 
unlimited with USS Carbon and Alloy Bar 
products. Forgings are usually fabricated from 
USS flats, rounds or round-cornered squares. 
And nowhere else can you get the range of sizes, 
shapes and grades offered by USS. You name it 
—we have it. Just call our nearest sales office, or 
write United States Steel, Room 6328, 525 Wil- 
liam Penn Place, Pittsburgh 30, Pennsylvania. 


United States Steel Corporation * Columbia- 
Geneva Steel Division * Tennessee Coal and 

é. ss J P This mark tells you 
Iron Division United States Sieel Supply ontetattecaien 
Division + United States Steel Export Company modern, dependable Stee! 
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“The Gravity Kid” shows how 
CONTOUR-WELDED STAINLESS TUBING 
DEFIES CORROSIVE ATTACKS 


It’s smoother inside than any other tubing—welded or 
seamless — because the patented* Contour-welding proc- 
ess virtually eliminates the weld bead. And this smoother 
surface ensures greater resistance to corrosion—simply 
because there are fewer focal & 
points for corrosive attack. 
You see, in conventionally 
welded tubing, gravity pulls 
the molten metal down into the 
tubing. This forms a bead that is 
difficult to remove by cold work- 
ing. And cold working can lead to 
undercuts that become focal areas for corrosive attack. 
Contour-welded tubing, however, is welded at the bot- 
*U.S. Patent 2,716,692 


onventionally weided 


ntour welded 


tom. Gravity still pulls the molten metal down. But now 
the weld atea corresponds to the contour of the tube. 
There’s virtually no weld bulge on the inside surface. 
And even on the O.D., the weld seam closely conforms 
to the tubing contour. 


Contour-welded tubing is smoother, too, than seam- 
less. That’s because it’s formed from uniformly rolled 
strip steel, whereas seamless is extruded or pierced. 

But get full details on this corrosion-resistant tubing. 
Send for our free 48-page manual on Contour-welded 
tubing in sizes from 1/8” to 40” O.D.—in stainless and 
high alloy steels, titanium, zirconium, zircalloy and 


Hastelloy.* 
*Trademark Haynes Steilite Co. 


TRENTWELD’ Stainless and High Alloy Tubing 


Trent Tube Company, a Subsidiary of Crucible Stee! Company of America. Genera! Offices and Mills: East Troy, Wisc.; Fullerton, Calif. 
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For strength 
. . economy 
. +. versatility 


NO LARGER 
GENERATOR 
SHAFT EVER 

FORGED 
ANYWHERE 


Shipped recently to the General 
Electric Company’s Large Steam 
Turbine Generator Department at 
Schenectady, N. Y., this shaft weighs 
233,865 lb and measures 38 ft, 914 
in. long. The shaft will be machined 
and assembled by G. E. for a turbine- 
generator unit to serve Tennessee 
Valley Authority’s Paradise Steam 
Generating Station at Paradise, Ky. 

The 116-ton shaft was forged from 
a 120-inch diameter ingot that re- 
quired the combined output of five 
electric-furnace heats, or roughly 
260 tons of vacuum-poured, nickel- 
moly-vanadium steel. It was the 
largest ingot ever cast in a vacuum 
by Bethlehem. No larger generator 
shaft has ever been forged. 

The generator shaft was fully 
heat treated and sonic tested. It has 
a maximum body diameter of 5914 
in.; minimum diameter of the forg- 
‘ng is 114 in. The generator will op- 

ate at 1800 rpm, providing a maxi- 

‘m electrical output of 391,111 kva. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA, 


Export Sales: 
Bethlehem Steel Export Corporation 


BETHLEHEM 
STEEL 
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COST OF RELIABILITY 


...with 20,000-pound heats of Republic Vacuum-Melted Metal 


Processed into billets, sheets, bar, strip, or wire, 
vacuum arc melted metals are being delivered in 
quantity, on time, at reasonable cost. 

To minimize the cost, Republic produces vacuum- 
melted metals in larger melts—4,000 to 20,000 
pounds. Integrated facilities process 18- to 32-inch 
diameter ingots into a wider range of product sizes 
and conditions than ever before possible. 

Republic’s consumable electrode vacuum-melting 
process improves mechanical properties—tensile 


strength, ductility, fatigue life, and performance at 
high and low temperatures. Precise control reduces 
nonmetallic inclusions and harmful gases. 

Our metallurgists will help you select and apply 
the vacuum-melted metal best suited to your require- 
ments: constructional alloy steel, high strength alloy 
steel, bearing steel, stainless steel, super alloy steel, 
titanium, or special carbon steel. For information, 
contact your nearest Republic sales office or mail 
the coupon. 


CONSTRUCTION ALLOY STEELS « HIGH STRENGTH STEELS e BEARING STEELS e STAINLESS STEELS 
SUPER ALLOY STEELS e TITANIUM ¢ SPECIAL CARBON STEELS 
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Republic PH 15-7 MO* for missiles and aircraft offers high 
ultimate tensile strength with excellent mechanical proper- 
ties to 1000°F. Republic 17-4 PH* for shafts, gears, pins and 
other components requires only a one-hour heat treatment 


REPUBLIC 


at 900°F to develop its full strength (ultimate tensile 


strength to 200,000 psi). Republic 17-7 PH* for pressure 


PH STAINLESS STEELS... 


tanks, bellows, springs, and other applications provides 
better corrosion resistance than the hardenable grades of 


chromium stainless. Send for PH Stainless Steel Booklet. 
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"Licensed under Pat. Nos. 2482096,2505753 and Trade Mark of Licensor. 


y Strong, Modern, Dependable 


REPUBLIC STEEL 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 


o>) 





REPUBLIC STEEL CORPORATION 
DEPT.MD-1590-A 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send more information on: 
CO Republic Vacuum-Melted Metals 
DC PH Stainless Steel 

0 Have a metallurgist call 


Name 








Company. 


Address 








City. 





Design engineers demand versatility 
... they get it with Stainless Steel 


Design Engineers constantly search for 
materials that will serve in a wide 
range of applications. Here’s why 
Carpenter Stainless Steels offer the 
versatility required to produce new 
products and improve present designs. 


Cold heading applications 





| tee 2 Type 6 fy 8 


The relative cold headability of aus- 
tenitic stainless and heat resisting steels 
is determined by their respective work 
hardening rates. Alloys showing the 
least amount of increase in hardening 
ner given degree of cold work need 
oa work to form them. They thus 
cause less tool wear. Curves for the 
austenitic grades in the above chart 
show that Type 305 stainless, a grade 
often used for cold headed parts, has 
a much lower work hardening rate 
than Types 304 und 316. It also indi- 
cates that Stainless No. 10 and No. 12, 
special stainless steels produced by 
Carpenter, have even lower work hard- 
ening rates than Type 305, only slightly 
higher than rates for the f- grades 
such as Type 430. 


Production cost cut 50% 


The switch to Carpenter Stainless 
No. 8 (Type 303) for these dishwasher 
hinge pivot pins increased production, 
improved quality and provided a cost 
saving of 50% per part. Tool regrind- 


O— Type 0) Type 304 oie 20 Aly 6 A206 Ge 10 Alley & Me 12 Aey 
bh erte Grates j 


ing was substantially reduced, size tol- 
erances were accurately held and final 
grinding operations were completely 
eliminated. Along with these benefits, 
this customer received excellent corro- 
sion resistance and brilliant finishes . . . 
two vital requirements for the success- 
ful production of this part. 


Magnetic core applications 











Four Carpenter Stainless Alloys are 
available for magnetic core applica- 
tions that must operate for long pe- 
riods in highly corrosive media. All 
four are produced to special quality 
standards that assure consistent uni- 
formity in magnetic behavior. This 
magnetic behavior of stainless steels 
varies with their hardness. For con- 
sistency and best magnetic properties, 
the alloys should be in the fully an- 
nealed condition after all machining 
operations. The chart above shows the 
magnetization-permeability character- 
istics of Carpenter No. 3, No. 5-F, 
No. 6-FM, and No. 446 as annealed. 


One change... five benefits 


ite Ss le eT tad 


Original specifications for this missile 
part called for heat treated alloy steel 


[arpenter steel 


you can do it consistently better with Carpenter Stainless Steels for specialists 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Export Dept., Port Washington, N.Y.—“CARSTEELCO” 
Alloy Tube Division, Union, N. J. 

Webb Wire Division, North Brunswick, N. ]. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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with a tensile strength of 125,000 to 
145,000 psi. With the AISI 4130 steel 
selected for this part, the required fin- 
ish could not be obtained consistently 
on either the threading, milling or ream- 
ing operations. Another major problem 
was the 25% reject rate, caused by 
cadmium build-up on feathered edges 
of the threads after plating. A request 
for a specification Breen resulted in 
the switch to Carpenter No. 5 (Type 
416) and here’s what happened! Pro- 
duction increased 55% . . . rejects 
dropped from 25% to 0. . . cadmium 
coating was no longer required . . . 
grinding was eliminated . . . delivery 
requirements were easier to meet. 


+ 


New 180-page working data book on 
Carpenter Stainless and Heat-Resistin 

Steels. Includes descriptions of all 
grades, information on selection, fabri- 
cation tips, corrosion tables and ap- 
plication data. Ask your Carpenter 
Representative, or write for a copy. 





Are you getting all these 
performance characteristics in 
the materials you specify? 


_] brilliant finish 

[_] maximum strength 
[_] corrosion resistance 
[) uniformity 

[_] hardness 

(_] versatility 

(_] good machinability 
(_] ease of fabrication 
(_] exacting tolerances 
[_] long service life 

[_] customer satisfaction 


Carpenter Stainless gives you 
all these . . . and more! 
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Selection of finest raw materials 


Testing every step of the way 
Lygpection to rigid standards 


Assure I0O% 
dependability for 


OHIO WELDED 
PRESSURE TUBING 


You can be sure — doubly sure — of utmost tubing 
dependability when you specify Ohio Welded Pressure 
Tubing — made by Ohio Seamless. First, Ohio works 

to accepted industry standards — ASTM, ASME, and 
similar Federal and military specifications covering 
welded pressure tubing. Second, Ohio Welded Pressure 
Tubing is produced under a continuous process of quality 
control — not just a final test inspection to cull 
questionable material. 


Carefully selected prime raw material is slit, edged, 


Photographs show flare, flattening 
and crush tests performed continu- 


ously on every order. Non-destructive 
tests include air, water, magnetic, 
eddy current and visual inspection to 
insure 100% dependability. 





Photomicrograph of polished and acid- 
etched surface shows perfect micro- 
structure of normalized Ohio Welded 
Pressure Tubing. Weld area running 
down the centei is now indistinguish- 
able and tube has become, in every 
sense, weldiess. 


shaped and electric resistance welded on the most 
versatile and modern equipment in operation. At each 
and every step of the way Ohio Welded Pressure Tubing 
is under the scrutiny of Ohio’s master tubemakers . . . 
making control tests at frequent intervals . . . testing 
random samples from each production order far beyond 
the limits of the usage involved. 

For critical pressure piping applications . . . for 
condensers, heat exchangers, boilers and superheaters — 
in the range of sizes from 4% to 74" OD and wall 
thicknesses from .028 to .375’’— mark your prints 
“Ohio Custom Made Welded Pressure Tubing.” 

There is no equivalent. 


OHIO SEAMLESS TUBE 


Division of Copperweld Steel Company 
SHELBY - OHIO 


Seamless and Electric Resistance Welded Stee/ Tubing * Fabricating and Furging 


Representatives in principal cities. Check leading directories: en See as CRT er 


THOMAS’, MacRAE’S, CONOVER-MAST, SWEET’S, FRASER’S. 


A-4500A 











PRECISE TUBING HELPS HANDLE HOT STUFF 


Juggling radioactive materials takes a pair of sure hands—sure mechanical hands. Mal- 
functions cannot be tolerated. All components must adhere to rigid specifications and 
operate together perfectly. A good application for precise tabing. ‘> 

We make stainless steel and nickel tubing in mechanical, aircraft, capillary and hypo- 
dermic grades in sizes up to 1 inch OD—plus an amazing variety of “‘specialties’’ such 
as super and “‘exotic’’ alloys, glass-to-metal sealing alloys and clad metals. 

In addition, we produce a vast line of platinum products and chemicals that have been 
used by industry for over a century. 

We are unique because of our ability to work these metals to such tiny, precise forms. 
Bulletin No. 12 describes our tubular products—Catalog No. P-6 describes our platinum 
products. Write for them. 


isk 


Tubular Products Division J. BISHOP a CO. platinum works A C4 wa LVERN, PENNSYLVANIA 


A JOHNGON MATTHEY ASGOCIATE “METALS FOR PRECISION AND PERFORMANCE” 


Orrices NEW YORK ° PITTSBURGH ® CHICAGO ® ATLANTA ® HOUSTON ° LOS ANGELES 
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Formed and Worked 
Ferrous Metal Parts 


HIS section contains listings of the various manufacturing methods used 


in forming ferrous metals. 


Both cold and hot shaping methods are 


included. Cold shaping is performed on a metal that has been previously 
mechanically worked and is primarily used in the forming of sheet metal. 
Hot shaping is performed above the recrystallization temperature of the 
metal, and includes operations such as drawing, forging, pressing and bend- 


ing. 


. Alloy Steels 


. Stainless Steels 


Materials used for these manufacturing methods are coded as follows: 
. Carbon Steels 


. Special Analysis Ferrous Metals 


Formed Parts 


Acme Metal Spinning Inc., 98 43rd Ave. 
N. E., Minneapolis 21, Minn. 
A, B, C 

Acme Steel Treating Co., 119 Leib St., 
Detroit 7, Mich. 


A, C 
Acorn Sheet Metal Mfg. Co. Inc., 4605 
W. 2lst St., Chicago 530, Il. 


A, C 
Admiral Tool & Mfg. Co., 3700 N. Tal- 
om Ave., Chicago 18, Ill. 


Adin Steel Co., 906 James, Adrian, Mich. 
es 


ade ance Transformer Co., 2950 N. West- 
ern Ave., Chicago 18, Ill. 


A 
Aeromotor Div. of Nautec Corp., 2500 W. 
Roosevelt Rd., Chicago 8, Ill. 


A 
Aetna Industries Inc., 24331 Sherwood, 
Box 66, Center Line, Mich. 


Cc 

Air Brake Div., Westinghouse Air Brake 
Co., Wilmerding, Pa. 
A, B, C 

Air Conditioning Products Co., 2340 W. 
Lafayette Blvd, Detroit 16, Mich. 
A 


The Airolite Co., Westview Ave., Marietta, 
Ohio 
A, B, C, D 

Products Inc., 

York, N. Y 
A, B, C, D 

Edward Alden Wire Products Inc., 4607 
St. Aubin, Detroit 7, Mich. 
A, C 


30 Church St., New 


Allen Iron & Steel Co., P. O. Box 550, 
Norristown, Pa. 


A 
Alloy Products Corp., 1045 Perkins Ave., 


1961 Edition 


Waukesha, Wis. 
Cc 


Alten Foundry & Machine Works Inc., 
226 W. Wheeling St., Lancaster, Ohio 


A, B, Cc, D 
Alto Mfg. Co., 1647 W. Wolfram St., Chi- 
cago 13, Ill. 


American Aluminum Co., 230 Sheffield 
=e Mountainside, N. J. 
Pn Device Mfg. . & Ace Mfg. 
' Div., Steeleville nm 


American Metalcraft Co., Waterville, Ohio 


maida Radiator & Standard Sanitary 
Corp., Youngstown Kitchens Div., 605 
S. Ellsworth Ave., Salem, Ohio 


A 
American Steel Treating Co., P. O. Box 
We Crystal Lake, IIl. 


The American Welding & Mfg. Co., Dietz 
Rd., Warren, Ohio 
A, B, C, D 

Amesbury Metal Products Co., 39 Oakland 
St., Amesbury, Mass. 


A, B, C 

AnAAx Mfg. Co., 206 Fulton Ave., Wheel- 
ing, W. Va. 
A, B, C, D 

Apex Metal Stamping Co. Inc., 
st. Brooklyn, N. Y. 


1221 38th 


Architectural Metal Corp., 360 Euclid 
Ave , Canonsburg, Pa. 
A, B, C 

Argus Mfg. Co., 
Chicago 51, Iil. 
A 


1134 N. Kilbourn Ave., 
Armco Drainage & Metal Products Inc., 
P. O. Box 29, College Park, Ga. 
A 


Armco Drainage & Metal Products Inc., 
North Pacific Div., 1320 S. W. Broad- 


way, Portland 1, Oreg. 
B 


Armco Steel Corp., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Hous- 
ton 1, Tex. 


The Armor Metal Products Co., 3400 
Beekman St., Cincinnati 23, Ohio 
A, B, C, D 
Armour-Porter Co., 
cester 5, Mass. 


A, C 

Artisan Metal Works Co., 11400 Madison 
Ave. r: W., Cleveland 2, Ohio 
A, B, 

hana Spring Corp., Seaboard Pacific 
Div., P. O. Box 231, Gardena, Calif. 
A, B, C, D 

Associated Spring Corp., Milwaukee Div., 

1 E. Erie, Milwaukee 2, Wis. 


A, B, C, D 
Ataco Steel Products Co., 1040 Ninth Ave., 
— Wis. 


A, 
Atco ae 3825 S. Racine Ave., Chicago 
9, Ill. 


324 Grove St., Wor- 


A, C 
Atlas Wire Products Co. Inc., 8027 Paseo, 
zoe City 30, Mo. 


Aurora Electric Co. Inc., 87-21 12Ist St., 
ee Hill 18, N. Y. 


Auto-Therm Corp., 24422 Ryan Rd., War- 
ren, Mich. 
A, B, C 

Babcock & Wilcox Co., Tubular Products 
Div., 640 Keystone Si., Alliance, Ohio 


A 
Baa Gould, Pine St. Ext., Nashua, 


A, B 
— Thompson Co. Inc., 24 Water 
Ae a ed, Mass 
Ray B Becker Co., 2345 N. Ross Ave., 
‘woman 17, Oreg. 


Behringer Metal Works Inc., 108-122 Jabez 
St., Newark 5, N. J. 


A, C 
The Bellevue Mfg. Co., Ashford Ave., 
—— Ohio 


The Belmas Co. Inc., 1221 Almeda Rd., 
? 1112, Houston 1, Tex. 


A BC 
Benthall +. “7 Co. Inc., P. O. Box 513, 
Suffolk, 
A, B, CG, D 
sae Steel Co., State Rd. 231, 
' 559, + 3. Ind. 


bergen Wire Rope Co., Gregg St., Lodi, 
B, C, D 

Berkeley Steel Construction Co., 1331 
Eastshore Highway, Berkeley 10, Calif. 
A, B,C, D 

Bethlehem aii & | 225 Sec- 
ond St., Bethlehem, Pa. 
A, B, C, D 

ar wae Steel Co., Bethlehem, Pa. 


P. O. 


Otto Biefield Corp., 200 N. Water St., 
Watertown, Wis. 
A, B. C 

Biggs-United Div. of United Sheet Metal 
Co., 1007 Bank St., Akron 5, Ohio 
A, B, C 

The Binkley Co., Warrenton, Mo. 
A, ’ Cc 

B & J Tool Co. Inc., 161 S. Water St., 
Poughkeepsie, N. Y. 

Blackman Stamping & Mfg. Co., 2730 
E. 37th St., Los Angeles 5 Calif. 
A,B,C,D> 





John C. Boehm Co., 1345 W. 73rd St, 


foseae 2 2, Ohio 


E. ‘ Brandt & Co., Inc., 50-20 25th St. 
Long Island City 1, N. Y. 


A, C 

Bretford Mfg. Inc., 3951 25th Ave., Schil- 
ler Park, Ill. 
A 


Brown Hutchinson Iron Works, 1831 Clay 
Ave., Detroit 11, Mich. 
A, B, C, D 

Bundy Tubing Co., 8109 E. Jefferson Ave., 
Detroit 14, Mich. 
A 


Bundy Tubing Co., Box 312, Tamaqua, Pa. 


A 
Burkhardt Steel Co., 869 S. Broadway, 
Denver 9, Colo. 


A 
Burt Mfg. Co., 44 E. South St., 


Ohio 


Akron 11, 


A, C 
Butler Mfg. Co., 2710 Butler Ave., Rich- 
mond 1, Calif. 


A 
Butler Mfg. Co., 1020 S. Henderson, Gales- 
burg, Ill. 
Cadillac Fabricators Inc., 7001 Morgan 
Ave., Cleveland, Ohio 


A 
Cal Dak Industries Inc., 2001 E. 23rd St., 
Little Rock, Ark. 


A 
Caldwell Culvert Co., Box 770, Jackson 5, 


Miss. 


A 

California Spring Co. Inc, P. O. Box 
22014, Los Angeles 22, Calif. 
A, B, C, D 

Cambridge Wire Cloth Co. Inc., Cam- 
bridge, Md. 
A, B, C, D 

Canton Stoker Co 300 Andrew Place 
S.W., Canton 1, Ohio 


A 

C. IL Capps Co. Inc., 1727 Bennett St., 
Box 3335, Jacksonville 6, Fla. 
A, B, C, D 

The C. S Card Iron Works Co., P. O. 
Box 117, Denver 1, Colo. 


A,B 

Cardinal Mfg. Co., 24011 Hoover Rd., 
Warren, Mich. 
A 


Carrick Products Co., 
Detroit 21, Mich. 


19939 Livernois, 


Carswell Mfg. Co., 501 S. 
Kansas City 19, Kans. 


Parker, Ind. 


Firman L. 
Valley St., 


A 
Central Mfg. Inc., 


A 
Central Metal Products Inc., 615 Mathis 
St., Blytheville, Ark. 
Cc 


A, C 
Central Steel Tube Co., Clinton, Iowa 


A 
Champion a Metal Co., P. O. Box 32, 
Cortland, 


A, C 

City Metal Spinning & Stamping Co. Inc., 
288 N. Eighth St., Brooklyn 11, N. Y. 
A, Cc 


B, C 
Clark Equipment Co., Buchanan, Mich. 


A, B 
Clark Grave Vault Co., 375 E. Fifth Ave., 
Columbus 1, Ohio 


A 
Claster Steel Co. Inc., Park St., 
port, Pa. 


Williams- 
A, C 

Cleveland Porcelain Enameling Co., 3190 
E. 65th St., Clevela-d 4, Ohio 


A, C 

Club Aluminum Products Co., 825 26th 
St., LaGrange Park, Ill. 
A 


The Collier Steel Corp., Collier, W. Va. 
A 


Colonial Engineering Co. Inc., 100 Smith 
Place, Cambridge, Mass. 


A, C 
Columbus Industries Inc., 2412 Pennsyl- 
vania Ave., Columbus, Ind. 


A, B, C 

The Commercial Shearing & Stamping 
re 1775 Logan Ave., Youngstown l, 
Ohio 


A 
The Compo Corp., 3220 W. Fond du Lac 
Ave., Milwaukee 10, Wis. 


A, B, C, D 
Conner Mfg. Co., P. O. Box 486, Louis- 
we l, Ky. 


Continental Tube Co., 2401 Grant, Bell- 
we lll. 


Cop Steel Engineering Co., Edwards 
on Div., 2901 S. Main ‘St., South 
Bend > Ind. 


A, B, 
Coppereld Steel Co., The Ohio Seamless 
ube Div., 132-140 "W. Main St., Shelby, 

Ohio 
Mfg. Co., E. Lake 


The Creamery Package 
a hae Mills, Wis. 


A, B, 
Cullman Products Corp., Cullman, Ala. 


Cc 
Cumberland Case Co., | Wiehl St., P. O. 
Box 1446, Chattanooga 1, Tenn. 


A 
Customade Products Corp., Robins St. & 
U. S 65 S., Conway, Ark. 


A, C 
Dayton Rogers Mfg. Co., 2824 13th Ave. 


S., Minneapolis 7, Minn. 
D 


Dearborn Stamping Co., 10501 Haggerty 
oo Dearborn 1, Mich. 


D. K. Mfg. Co., 5059 S. Kedzie Ave., Chi- 
cago 32, Il. 


Dennis Mitchell Industries, 4424 Paul St., 
aa 24, Pa. 
.—— Mfg. Co., 2142 W. Fulton St. 
icago 12, Ill. 


Eagle Iron Works Inc., 129 E. Holcomb 
Ave., Des Moines 4, Iowa 


A 

Sam C. Earley Corp., Box 38, Station B, 
Toledo 6, Ohio 
A, B, C, D 

Eastern Steel Products Corp., Rock 
Mount, N. C. d 
A, B, C, D 

Eastern Wire Products Co., N. Moodus 
Rd., Moodus, Conn. 
A, B, C 

E. B. Metal Products Co. Inc., 12-12 
NY. Plaza S., Long Island City l, 


" 2s Steel Co., College & Allegheny 
re — eny County, Oakmont, Pa. 


Eisen Metal Products Co., 
_ N. J. 


175 Main St., 


Electro-Rack Inc., 11501 Jefferson Blvd., 
Culver City, Calif. 
A, B, C,D 

Elliott Co., Jeanette, Pa. 
A, B, C 


1700 Ridgeley St., 


Ellicott-Brandt Inc., 
Baltimore 30, 
A, B, Cc, D 

Elrae Pressed Metals Inc., ae Syca- 
. St., Buffalo 12, N. 


Elso Shutter Mfg. Co., 2738 W. Warren 
St. Detroit 8, Mich. 


Embro Mfg. Co., P. O. Box 407, Canton 
5, Ohio 


A 
Empire Steel Bui 
ond Ave., Covina, 


A, B, C,D 
Engineered Specialties Inc., 


dealin 


Lakeville, 


Engineering Co. Inc., 1217 Hyde 
ark = Boston 36, Mass. 


A, B, 
Eugene Welding Co., 302 Carleton Ave., 
a ich. 


Evansville Sheet Metal W: 
Ninth Ave., Evansville 12, 


A, B, C 
Fabricators Steel Corp., Bladensburg, Md. 
A 


Fairbanks, Morse & Co., 3601 Kansas Ave., 
Kansas City, Kans. 
A, C 

Feirmount Wire Products Inc., 604 E. 
Washington, Fairmount, Ind. 


A 

am Co., P. O. Box 118, Passaic, 
A, B,C, D 

Fanner Co., Brookside Park, Cleve- 
land 9, Ohio 
A, B, D 


P. Feiner & Sons Inc., 522 W. 45th St. 
ow = 36, N. Y. 


Florida Sheet Metal Works, 812 W. Main 
St., nc O. Box 1114, Lakeland, Fla. 


Peter i Mig. Co., 30 Park St., 
ville 43, 
c,D 

Fraen Corp., Rear 338 Main St., 
field, Mass. 
A, B, C 

—— Corp., 1400 Wabansia, Chicago 22, 
A, B,C 

Gey Steel Products Corp., 4400 W. Ninth 

, Gary, Ind. 


509 N. 


Wake- 


Gate City Steel Inc, 1602 N. Ilth St. 
Omaha 10, Nebr. 
A, C 

Gateway Engineering Co., 2003 Lovegrove 
-. Baltimore 18, Md. 


General Railway Signal Co., 801 West 
‘x c O. Box 600, Rochester 2, N. Y. 

Geuder, Paeschke & Frey Co., 324 N. 15th 
St., 73 l, Wis. 

Globe ; Iron Construction Co., Princess 
ae Rd. & Park Ave., Norfolk 4, Va. 


Globe Tool & Die Mfg. Co. Inc., 833 
Main St., Southbridge, Mass. 
A, B, C,D 
-Mackwirth Co., 817 Sycamore, 
falo 12, N. Y. 


, 


I. Golden Corp., 1054 38th St., Brooklyn 
19, N. Y. 


A, C 
Gordon & Morgan Machine Co., 3725 
eens Ave., Lincoln 7, Nebr. 


Goslin Birmingham Mfg. Co. Inc., 3521 
Hew: N., Box 631, Birmingham 1, Ala. 
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FINGERS OF STEEL... 


high-carbon spring steel from. the. Athenia 
Steel Division of National-Standard is available in 
ite} Gah-wne) om COM oben -1an] 01-14-10 m- lal me holm ole) (eM ce) ii-1e mo) a 


annealed, with thicknesses fram .001" to .065’ 


The high quality and uniformity of Athenia 
spring steel is the result of precision rolling, pol 
ishing: and slitting to rigid standards on the most 


‘modern equipment. Athenia Steel is available from 


iS Feb dlolarcl bei eclalereiae mGcelasler-lal mm Olihacolammh (-l Mel -1e-1-)'B 
and from the following: National-Standard Warehouse, 
Plainville, Conn.; D & B Steel Co., Cleveland; Krusen 
Wire & Steel Co., Los Angeles; Lapham-Hickey ‘Steel 
Corp., Chicago; Voss-Davidson Stee!l.Co., Detroit; 
Zurbach Steel Co., Somerville, Mass., Plainville, Conn. 


For technical information, write to... 


Athenia Steel Division 
NATIONAL-STANDARD COMPANY 
Clifton, New Jersey | ; 








New N-S stainless wire tests 100,000 psi 


From National-Standard research and develop- 
ment comes NS-355—a stainless steel, corrosion 
resistant spring wire having much greater elasticity 
than conventional stainless steel wire. 

NS-355 is a semi-austenitic alloy, originally de- 
veloped for use in heavy wire sections fabricated 
from bar, billet or plate stock—applications requir- 
ing corrosion resistance, strength, durability and 
hardness. National-Standard searched for a way to 
apply these outstanding advantages to highly 
stressed spring wire applications. 

After comprehensive research in processing meth- 
ods, National-Standard metallurgists developed the 





capability to draw NS-355 alloy into exceptionally 
high-tensile spring wire. Spring production tests 
were made on .125 and .075 inch diameter wire sam- 
ples with a tensile strength over 100,000 psi higher 
than music spring wire, proving that NS-355 wire 
could be satisfactorily run on automatic coiling 
machines with excellent formability. 


Further evaluation tests were conducted in the 
Spring Laboratory of Bendix Corporation, South 
Bend, Indiana. Here, engineers ran life cycle tests 
on NS-355 stainless steel springs and determined 
spring modulus values. On a mechanical cycling 
unit—eight springs to a fixture—NS-355 springs 





above music wire 


were subjected to 600 compression cycles per min- 
ute—a total of 10-million cycles under stresses from 
20,000 to 150,000 pounds. 

The development of NS-355 stainless steel spring 
wire creates an entirely new solution to highly 
stressed, corrosion resistant spring requirements for 
jet engines, food and beverage equipment, chemical 
machinery and a growing number of other special 
wire applications. 

For more information about new NS-355 stainless 
steel spring wire, or help in developing high quality 
wire to meet your special or unique applications, 
write National-Standard Company, Niles. Mich. 


NATIONAL 








National-Standard NS-355 stainiess steel springs with 
an index as low as 3 can be formed on automatic coil- 
ing machines without breakage. 


Manufacturer of Speciality Wire & Meta/ Products 


NATIONAL-STANDARD COMPANY 
Niles, Michigan 61-Wos 


Graham Eng. Research Inc., 1571 W. 
Pierce St., Milwaukee 4, Wis. 
A, B, C 

Grand Haven Stamped 
Grand Haven, Mich. 
A, C 

Peter Gray Corp., 286 Third St., Cam- 
bridge 42, Mass. 
A, B, C, D 

Greenline Metal Products Co., 493 Wheat 
field St., North Tonawanda, N. Y. 
A, B, C, D 

Gresham & Co., 2745-57 S 
Kansas City 8, Mo. 
A, C 

Griffin & Co. Inc., 
Louisville 8, Ky 
A. G 

Guarantee Specialty Mfg. Co., E. 
N.Y.C. R.R., Cleveland 8, Ohio 


vuthwest Blvd., 
500 Bergman Ave., 
96th & 


A 

Gulf Machinery Co. P. O. Box 187, 
Clearwater, Fla 
A, C 

Hahn & Clay, 5100 Clinton Drive, Hous- 
ton 20, ty 
A, B,C 

Frank Hemechek Machine Co., 97 Ellis 
St.. Kewaunee, Wis 


Hamilton Cosco Inc., Cove Station Bo» 
520, Weirton, W. Va 
A 

Hanson Bros., 8207 S. Allport Ave., Whit 
tier, Calif 
A, B,C, D 

Div. of Harrigan & Reid Co., 
ley Ave., Detroit 26, Mich 
A, B, C 

Hartley Boiler Works, Box 868, Mont 
gomery 5, Ala 
A, B, C 

Haydon Corp., 
100 W. 22nd St., 
A,B,C, D 

Hayes Industries Inc., 
cerville, Ohio 
A, € 

Helmick Foundry-Machine Co., P. O. Box 


71, Fairmont, W. Va 


\ 

Hemminger Co.., 
A, B,C, D 
Hertzler & Zook Products, 
Belleville, Pa 

A 


1365 Bag 


Haydon Products Div., 
New York 34, N., Y. 


Namco Div., Spen- 


13-53 Rome St., Newark 


6 Maple St.. 


Highie Mfg. Co., Avon Tube Div., E 
Fourth St.. Box 149, Rochester, Mich 
A 

Higgins Metal Products Co., 2000 Broad 
way, Swanton, Ohio 
A, B, C, D 

Hirschman Pohle Co. Inc., Lent Ave., 
I ere rv. N y 
A, B, cD 

Hoff Sheet Metal Works Inc., 411 N. 
Eighth St., Richmond, Ind 


J. R. Hoe & Sons Inc., N 
wood Rd., 
A, B, C 

Hofley Mfg. Co., 22534 Groesbeck High 
way, East Detroit, Mich 
A, B, C, D 

Holbrook Merrill Co. 1150 Kifer Rd., 
P. O. Box 777, Sunnyvale, Calif 
A,B,C, D 

Houston Blow + & Sheet, Metal Works, 
P.O = 1692, Houston 1, Tex 
AL G 

Hudson “Ne & Die Co., Inec., 
vern St., —_—_ 5, N 
A. B, C, 

eben Tustin Mfg. Corp., 1045 39th St., 
Brooklyn 19, N. Y 
1, & G 


19th & Fleet 
Middlesboro, Ky 


18 Mal 
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Products Co., 


Huot Mfg. Co., 550 N. Wheeler Ave., 
St. Paul 4W, Minn. 


A 
Hydroforming Co. of America, 7400 W. 
Lawrence Ave., Chicago, III. 


A, B, C, D 

Idaho Falls Steel Products Co., 255 E. 
Anderson St., P. O. Box 1258, Idaho 
Falls, _ 
A, B, 

Ideal Can Co., 68 Vine St., 
ton 7 “Mass. 
A, B, 

Indiana Pressed Steel Co., P. O. Box 1232, 
Muncie, Ind 
A 


Everett, Bos- 


Industrial Electric Works, 1509 Chicago 


St., Omaha, Nebr 


\ 

Industrial Engineering Works Inc., 67 
Bloomsbury St., P. O. Box 1961, Tren- 
ton \ = ]. 
A, .D 

intemal” Metal Fabricating, 90 Newark 
Pomptain Turnpike, 
A, B, C 


Wayne, N. J. 


Industrial Wire Products es 2417 E. 
23rd St., Los Angeles 58, Calif. 
\ 


oe Steel & Iron Works Inc., P. OU. 
Box 951, New Brunswick, N. 


A 

Ingersoll Steel Div., Borg-Warner Corp., 
P. O. Box 273, New Castle, Ind. 
A, B, C, D 


Irwin-Sensenich Corp., Box 311, Irwin, 
,.c Dd 
m3. Iron Works, 4839 E. 
Bell, Calif. 
\ 


Patata St., 


Carl Jacobson & Co. Inc., 


Dixmoor, Ill 


143rd & Robey, 


A 

The Jeffrey Mfg. Co., 907 Fourth St., 
Columbus 16, Ohio 
A, B, C 

Johnson Machine Works, N. llth St. 
Charit« 7 lowa 
A, B, 

Jones Shest Metal & Machine Works, 16th 
St. & Second Ave., Opelika, Ala. 
A, C 

Jones Sheet Metal & Machine Works, 
16th St. & Second Ave., Opelika, Ala. 
A, C 

Kaiser Steel Corp., Fabricating Div., Napa, 
Calif 
A, B, C, D 

Kennedy Van Saun Eng. & Mfg. Corp., 
Beaver St., Danville, Pa 
A,B, C, D 

Kenosha Boiler & Structural Co., 4117 
13th Court, Kenosha, Wis. 
A 

Kenworth Mfg. Co., 12300 W. 
Ave., Milwaukee 16, Wis. 
A,B, C, D 

Kickham Boiler & Sheet Iron Works Inc., 
2515-17 N. 25th St., St. Louis 6, Mo. 
A, B, C, D 

Kiechler Mfg. Co. Inc., 


Cincinnati, Ohio 


I ibson 


1014 Wade St., 


Alfred B. King Co., 
Haven, Conn 
A, B, C, D 


King Stove & Range Co., Sheffield, Ala. 


Devine St., North 


Klauer Mfg. Co., 
Dubuque, Iowa 
A 


Ninth & Washington, 


ba Klein Steel Co., Bellevue, Ohio 
_B 


Te td Fabricating Co., P. O. Box 2235, 
Madison 5, Wis 
A, B, C 


Macuine Desicn 


Kuhl Mfg. Co., 2424 Davis St., San 


Leandro, Calif. 
A, B, C, D 
Lacelede Steel Co., Alton Works, P. O. 
Box 266, Alton, Il. 
A, D 
Lackawanna Steel Construction Corp., 
2 O. Box 951, Buffalo 5, N. Y. 


Ladish Co., 5481 S. Packard Ave., Cudahy, 


afayette Metal Spinning Co., 248 McKib- 
bin St., Brooklyn 6, N. Y. 

A, B, Cc 

aminated Shim Co. Inc., 48 Union St., 
Glenbrook, Conn. 

A, B, C, D 
atrobe Steel Co., 
— Pa. 


Ae Mfg. Co., 
Ashland, Pa. 
A, B, C, D 
Leichner Mig. Co., 
away Ill. 


2626 Ligonier St., La- 
422 S. Third St. 
1510 N. Neil St., 


A, B, C, 

Lemlar Nig. Co., P. O. Box 352, 

calif 

A, Cc 

Leonard’s Metal Forming Co., 
Clay St., St. Charles, Mo. 
A, B, C, D 

Leslie Welding Co. Inc., 11241 W. Mel- 
rose St, Franklin Park, Ill. 
A 


Gardena, 


2310 W. 


Lewis Welding & Engineering Corp., Bed- 
ford, Ohio 
A, B, C, D 

Lincoln Steel Works, 315 W. O St., Lin- 
coln 1, Nebr. 
A 


Link Belt Co., Dept. 61-MDFM, 300 W. 
Pershing Rd., Chicago 9, Ill. 
A, B, C, D 

Lisk-Savory Corp., 243 Gorham St., Can- 
andaigua, N. Y 
A 


Longbons Roofing & Sheet Metal Co., 730 
S. Main St., P. O. Box 84, Decatur, Ill. 
A, B, C 

Lukens Steel Co., 
Coatesville, Pa. 

/ c,D 

Lundin-Hendry Inc. Box 2027, 
Rouge l, La. 

A, C 
—— Iron Range Co., 715 N. Spring 
Beaver Dam, Wis. 
A B,C,D 

Managanese Steel Forge Co., Richmond St. 
& Castor Ave., Station E, Philadelphia 
4, Pa. 

D 


453 Services Bldg., 


n 
pation 


(See Ad, Page 190) 
Marshall Blow Pipe Co., 7431 DuBois St., 
Detroit ll, Mich. 
A, B, C 
Master Mfg. Co., 119 Main St., 
Box 694, Sioux City 2, Iowa 
A, C 


> & 


og Metal Products Co., 495 Emory 
St. San Jose 10, Calif. 
A, C.D 

J. A. McMahon Inc., 649 Grant St., Niles, 
Ohio 
A 


Melrose Sheet Metal Co., 2960 Chapman 
St.. Oakland 1, Calif. 
A, C 

Mercury Minnesota Inc., 901 Hulet Ave., 
Faribault, Minn. 
A 


Metal Fabricators Inc., Box 3232, Charlotte 


3, N. C 


A, B,C, D 


Tue Ferrous Metats Boor 





MIDVAC PRODUCES 




















CONSUMABLE ELECTRODE VACUUM MELTED 
NON-MAGNETIC STEELS ELIMINATE 20% REJECTIONS 


Where high tensile and yield strength are required in non-magnetic steel many producers of 

critical parts are relying on Midvac Steels. In the production of retainer rings for generators, rejects 

which averaged 20% with air melted steels were eliminated with Midvac vacuum melted steels, 
The Midvac Process eliminates atmospheric contamination, ingot soundness is improved, 

segregation is reduced, workability is increased and product quality is stepped up. 

Midvac Steels are offered in many alloys as billets or forgings to meet the most critical 

design specifications. Write for detailed metallurgical case history book to... 


MIDVALE-HEPPENSTALL COMPANY e NICETOWN, PHILADELPHIA, PA. 
SUBSIDIARY OF HEPPENSTALL COMPANY, PITTSBURGH, PA, 
Plants: Pittsburgh, Pa. * Bridgeport, Conn. * New Brighton, Pa. 


MNMidvac Steels. 


VACUUM AND CONSUMABLE ELECTRODE STEELS + BACK-UP ROLL SLEEVES « FORGED STEEL ROLLS *« FORGINGS 
RINGS + PRESSURE VESSELS + INDUSTRIAL KNIVES + DIE BLOCKS * MATERIALS HANDLING EQUIPMENT 
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Metal Forming Corp., 1937 Sterling Ave., 
Elkhart, Ind. 


A, B, C, D 
— ‘Specialty Co., Este Ave. & B & O 
R.R., Cincinnati 32, Ohio 


A 

Metal Treating Equipment Ex. Inc., 8725 
Greeley, Detroit 11, Mich. 
A, B, C 

Micro Precision Corp., 150 N. Fifth St., 
Brooklyn 11, N. Y. 

Mid-West Wire S»ecialties Co. Inc., 2739- 
2741 N. Pulaski Rd. Chicago, Ill. 


A, B, C 
Midwest Metal Moulding Co., 13299 Eight 
aa, Rd., East Detroit, Mich. 


A, 

A. G. Miller Co., Batavia St., Springfield 
4, Mass. 
A, B, C, D 

Mitchell Mfg. Co., 160! 
w Smith, Ark. 


Ballman Rad., 


Monatco Mig. Corp., 2214 Front, Kansas 
City, Mo. 
A, B, C,D 

Morweld Steel Products Corp., Ellsworth, 
Mich. 
A, B, C 

Mosher Steel Co., P. O. Box 5651, Dallas 


22, Tex. 


Mountain State Fabricating Co. Inc., Box 
1231, Clarksburg, W. Va. 
A, B, C 

The F. E. Myers & Bros. Co., 400 Orange 
St., Ashland, Ohic 
A 


Nashville Wire Products Mfg. Co. Inc., 
O. Box 491, Nashville 2, Tenn. 

National Standard Co., Cross Perforated 
y= gy Plant, P. O. Box 507, Carbon- 
ale, P. 


» © 
(See Ad, Pages 169, 170 and 171) 


National Steel & Shipbuilding Co., Har- 
e Drive & 28th, San Diego 12, Calif. 


New Brunswick General Sheet Metal 
Works, 425-33 Cleveland Ave., Highland 
Park, N. ] 

A, C 


New Cumberland Metal Products Div., 
The Matthew Phillips Co., New Cumber- 
land, W. Va. 

A 


New England Pressed Steel Co., Washing- 
2 P. O. Box 29, Natick, Mass. 
New waa Corp., Mount Joy, Pa. 
A, B, : 


Newent Neus Shipbuilding & Dry Dock 
Co., 4101 Washington Ave., Newpori 
News, Va. 

A, B, C 

Nordberg Mfg. . 3073 S. Chase Ave., 

ee. 7, Wis. 
»a GD 

ed..0 Engraving & Mfg. Co., Fourth 
& Vine Sts. LaCrosse, Wis. 

A, B, C 

Northern Steel & Supply Co., 154 A St. 
. E., P. O. Box 637, Ephrata, Wash. 

Northfield Stamping Co. Inc., 
~ Melvindale, Mich. 


19500 Allen 


Northwest Foundry & Furnace, 2345 S.E. 
_— St., Portland 2, Oreg. 
Northwest Foundry & Furnace, 2345 SE. 
Gladstone St., Portland 2, Oreg. 
A 
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~~ Metal Products Inc., Kent, 


~ Steel Rolling Mills Inc., 4315 
wae Ave. N.W., Seattle 7, Wash. 


The Ohio Steel Fabricating Co., 879 Ad- 
dison Rd., Cleveland 3, Ohio 


A 
Ott Mfg. Inc., 101 Newark Way, Maple- 
wood, N. J. 


A 
mE oo > Inc., 77 Cornwall, Buf- 
falo x. A 
A, B, 
Onniths Kain Co., 20905 Aurora Rd., 
Bedford, Ohio 
A, B, C, D 
Overly Mfg. Co., 574 W. Otterman St., 
Greensburg, Pa. 


A, C, 
Pacific Metal Fabricators Co., 2505 S. 
Blue Island, Chicago 8, Ill. 


A, B, C, D 
Palier & Goldstien Sheet Metal & Metal 
Roof Decking, 13309 S. Western Ave., 
Gardena, Calif. 
A, B, C, D 
Papec Machine Co., 
ville, N. Y. 


A 
Paragon Spring Co., 4617 W. Fulton St., 
Chicago 44, Ill 
A, B, C, D 
The Park Dro 
St., — 


A, B, 
M. B. Parker Co., 1449 Thomas, Box 
4823, Memphis, Tenn. 


10 Main St., Shorts- 


Forge Co., 777 E. 79th 
3, Ohio 


A 
Patch Wegner Co. Inc., 56 Howe St., Rut- 
land, Vt. 


A 
Penn Metal Co. Inc., P. O. Box 1460, 
Parkersburg, W. Va. 


A 
Peterson Products Corp., 4848 N. 
Rd., Schiller Park, Ill. 


River 


A, B, C 
Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
A, B, C, D 
Pittsburgh Steel Co., 
Pittsburgh 30, Pa 
A 


1600 Grant Bldg., 


Powell Pressed Steel Co., Erie St., Hub- 
bard, Ohio 
A, B, C, D 

~~ Coil a Co., 1213 W. Rose 

, El Monte, Cal 

a” D 

Product Engineering & Mfg. Co. Inc., 434 
W. +5 iene Kans. 

Production Metal Products Inc., 421 N. 
; eran St., Chicago 22, Il. 
Pruden Products Co., Water St., Evans- 
ville, Wis. 

A 


P & W Tool & Die Co., 3751 Montgom- 
ery Rd., Cincinnati 12, Ohio 
A 

Ralph Mfg. Co., 927 Broad St., 
Wadsworth, Ohio 
A 


Box 188, 


Quinn Wire & Iron Works, Box 549, 
Boone, Iowa 
A 

The Rail Joint Co., Div. S eer & O 
Y Church St., New York 7, N. 

Ralph Mfg. Co., 927 Broad St., Box 188, 

> vara ane Ohio 

Palmer, 


-_ —" Corp., 241 Park St., 


Ravens-Metal Products Inc., Box 882, 


apatites W. Va. 


Rey Daisley Co. inc., 535 W. Hoffman 
Ave. ne eS 


Reon ' Corp, Red Lion, Pa. 


B, 
Revere a & Brass Inc., Rome Mfg. 
Co. Div., P. O. Box 111, Rome, N. Y. 


A, C 
ay pe Industries Co., Vincennes, Ind. 


Richmond Steel Co. Inc., 18th & — Sts., 
. O. Box 1578, Richmond 13, 


Richter Metalcraft Corp., Box 147, Mt. 
— N. Y. 


nial Electric Steel Corp., Miller St. 
N.W., Roanoke, Va. 


A 
H. H. Robertson Co., 


Pa. 


14th St., Ambridge, 


A 

Rochester Novelty sate 485 Hague St., 
Rochester 6, N. Y 
A, 


Cc 
Rockwell Engineering Co., 13500 S. West- 
ern Ave., Blue Island 43, Ill. 


A, B, C, D 
Rodney Metals Inc., 1357 Rodney French 
Blvd., New Bedford, Mass. 


A 
ey, Enamel & Mfg. Co., Belleville, Ill. 


A, C 
Roll Forming Corp., First St. & Goodman 
Ave., Shelbyville Ky. 
Rotary = a 
25, N. Y. 
A, B, C, D 
Roura Iron Works, 1401 Woodland Ave., 
Detroit 11, Mich. 
A, B, C 
Schaller Steel Works Inc., 2201 France St., 
New Orleans, La. 
A, C 
4 Mfg. a 1016 E. Columbia 
, Evansville 7, Ind 


1746 Dale Rd., Buffalo 


Screw & Bolt Corp. of America, Box 1921, 
Longview, Tex. 
A 


Security Steel & Wire Works Inc., 140 
ene Ave., Boston 43, Mass. 


Shank Metal Products Co., 49 Day St., 
South Norwalk, Conn. 

Sherman-Reynolds Inc., 415 N. Aberdeen 
‘ Chicago 22, Ill. 

Shore-Calnevar Inc., 7701 E. Compton, 
— Calif. 


9 oat Stra 


rane Simmons & Sons Inc., 119-127 N. 
Washington St., Boston 14, Mass. 
A, B, C 

Simon Carter Co., 655 19th Ave. N.E., 
ic 18, Minn. 


ing Co., North Point 
11, Baltimore 19, Md. 


Simpson Co., 1470 Doolittle Drive, San 
eee Calif. 


Sioux City Foundry & Boiler Co., E. 
| an & Division St., Sioux City, Iowa 


Skyline Products ny 819 Grand Blvd., 
Park, L. L, N. Y 
A, B, C 
Smith & Caffrey Co., Lodi & Bear Sts., 
wen 8 N. Y. 


Macnuine Desicn—Tue Ferrous Mertats Boox 





Elwin G. Smith & Co. Inc., Williams St., 
wes rittisourgn 2, ia. 
A, B, C, 
— Metal Products Co. Inc., 1240 Spruce 
, Easton, Pa. 
Bb, C 
Southbridge Roofing Co. Inc., Webster 
Rd. ree Mass. 
Cc 


Southern Fabricating Co. Inc., 818 20th 
St., Sheffield, Ala. 
A 


South River Metal Products, 
Turnpike, Souih River, N. J. 
AC 


377-379 
A, C 

Spaulding Products Co., 550 W. Barner 

St., Frankfort, Ind. 

A 


Spitzley Rettenmier Sheet Metal Co., 1200 
W. Fort St., Detroit 26, Mich. 
A, C 


Sprinchorn & Co., 601 W. Third St., 
Jamestown, N. Y. 
C 


The Standard Products Co., Box 512, Ful- 
lerton, Calif. 
Cc 


A, 
Standard Products Co., Lexington Div., 
510 Henry Clay Bivd., Lexington 7, Ky. 
Cc 


A, 
— Products Co., 2130 W. 110th 
. ataenarhen 2, Ohio 


Standard Sheet Metal Works, 3295 N. 
30th St., Milwaukee 16-1, Wis. 


A, B, C 
Standard Steel xe 610 E. 133rd St., 
rag! York 54, N. 


A, Cc 
mn FP Steel Sections, 610 E. 
New York 54, N. Y. 


133rd_ St., 


A, B, C 

Standard Steel Works Div., The Baldwin- 
Lima- ee Corp., Burnham, Pa. 
A, B, C, 

The adhe Be Tube Co., 24400 Plymouth 
Rd., Detroit 39, Mich. 


A, C, 
The Stanley Works, 195 Lake St., New 
Britain, Conn. 


A 
Sterling Mfg. Co. Inc., 1134 Fairview 
e. O. Box 1798), Wichita 1, Kans. 
Cc 


Stoddard Quirk a <> .. 3383 E. Lay- 
ton Ave., Cudahy, W 
A, C 

Stubuitz Greene Corp., Reynolds Spring 
Co. Div., 500 E. Third St., Chester, Pa. 


A 
The Stuebing Automatic Machine Co., 
3424 Beekman St., Cincinnati 23, Ohio 


A 
Stupp Corp. P. O. Box 2548, Baton 
Rouge, La. 


A 
Suckle Electronics Co., 22nd & Hayes Ave., 
Camden 5, N. J. 


Superior Tool & Die Corp., 1747 Flower 
St., Glendale 1, Calif. 
A, B, C, D 

Swe; Tube Corp., One Clifton Blvd., 
Clifton, N. J. 
Cc 


Syro Steel Co., 
ard, Ohio 


A 

S. G. Taylor Chain Co., 3 14lst St., Box 
509, Hammond, Ind. 
A, B, C 

Technibilt Corp., 905 Air Way, Glendale 
& 


Calif. 


170 N. State, Box 87, Gir- 


A 


Templet Mfg. Corp., 701 
Brooklyn 8, N. Y 
A, 


Atkins Ave., 


Thompson Pipe & Steel Co., P. O. Box 
2852, Denver 1, Colo. 
A,C 


1961 Edition 


Thomson Electric Welder Co., Welded 
Products Div., 3020 N. Water St., Bay 
ey Mich. 


Thomson Electric a Co., Rolled 
pao Div., Oscoda, Mich. 


The Thornton Co., 6901 Morgan Ave., 
aw ne 27, Ohio 


A, C 
E. H. Titchener & Co., 67 Clinton St., 
egnerten. N. Y. 


»C,D 
Toledo Stamping & Mfg. Co., 99 Fearing 
Blvd., P. O. Box 596, Toledo, Ohio 
A 


Tower Construction Co., 2700 Hawkeye 
Drive, Sioux City 2, lowa 


A, B, C 
Triangle Sheet Metal Works, 115 New 
Hyde Park Rd., New Hyde Park, N. Y. 
Cc 


Trim Trends Inc., 25606 W. Seven Mile 
~~ 40, Mich. 


A, 

Tri-State Engineering Co., P. O. Box 266, 
Washington, Pa. 
A 


Trojan Steel Co., P. O. Box 2426, Charles- 
ton 29, W. Va. 
A, B, C, D 

Lies 575 Linden Ave. E., Linden, N. J. 


A, 
The Turner & Seymour Mfg. Co., Law- 
ton St., Torrington, Conn. 


A, B, 
U. S. Steel Corp., American Bridge Div., 
Ambridge Plant, Ambridge, Pa. 


A, B 
U. S. Steel Corp., Gary Sheet & Tin Mill, 
P. O. Box 59, Gary, Ind. 


A, C 
U. S. Stove Co., Cedar Ave., South Pitts- 
burg, Tenn. 


United Structural Steel Co., 
St., Worcester 5, Mass. 


A 

United Tube Corp. of Ohio, 3860 E. 91st 
St., Cleveland 5, Ohio 
A, B, C, D 

Universal Form Clamp Co., 1238-48 N. 
oe Ave., Chicago 51, Ill. 


Utica Steam Engine & Boiler Works, 800 
Whitesboro St., Utica 4, N. Y 


A, C 
Van Huffel Tube Corp., Deitz Rd., War- 
ren, Ohio 


A 
L. D. Van Valkenburg Co., Holyoke, Mass. 


A, B, C 
Vanadium-Alloys Steel Co., P. O. Box 
151, Latrobe, Pa. 


B, C, D 

Victor Tool & Machine Corp., P. O. Box 
29-605-25 Ann St., St. Joseph, Mich. 
A 

Virginia Metalcrafters, (Loth Stove Co.), 
1010 E. Main St., Waynesboro, Va. 
A 


182 Prescott 


Vitreous Steel Products Co., P. O. Box 150, 
WOK Ind. 


Inc., Vidmar Inc. Div., 


Volkert Stampin 
Williamsport, Pa. 


2323 Reach Rd., 
A 


Vulcan Rail & Construction Co., 365 
an St., Benwood, W. Va. 


wv Aircraft Co., Peters Rd., Troy, 
io 
A, B, C 
Warren Mfg. Co. Inc., Main St., 
ao N. H. 


New- 


Warth Bros. Steel Fabricators, 240 W. Ivy, 
Inglewood, Calif. 
A 


Washington Stove Works Inc., 3402 Smith 
+. Everett, Wash. 


Waterman Industries Inc., P. O. Box 458, 
we Calif. 


A, B. 
Webster Site. Inc., W. Hall St., Tiffin, 


ws PD “se ee Corp., 176 Johnson St., 
ae 
A, B, 
Wedge iinet Inc., 3985 Jennings Rd., 
Cleveland 9, Ohio 


A 

Wm. Weich Roofi 
Inc., Metal Wo Inc., 
Ave., Cincinnati 14, Ohio 
A, B, C, D 

West Bend Aluminum Co., Lock Box 278, 
West Bend, Wis. 


A, C 
Western Way Mfg. Co., 16018 Roscoe 
Blvd., Van Nuys, Calif. 
D 


J B, 
Western Iron & Foundry Co. Inc., 702 E. 
—— St., Wichita 2, Kans. 


& Sheet Metal Works 
1819 Central 


A, 
Westinghouse Electric Corp., Box 128, 
Blairsville, Pa. 


Westprest Inc., 521 N. Bivins St., Ama- 


rillo, Tex. 


A, B, C, D 
Wheatland Steel Products Co., Wheat- 
r Pa. 


Wheelin Steel Corp., Martins Ferry Fac- 
tory, ‘Martins Ferry, Ohio 


Wilder Mfg. Co., P. O. Box 189, Niles, 
Ohio 
A 


Wilder Products Co., 2400 Columbus Ave., 
Springfield, Ohio 
A 


William-Wallace Co., Box 137, Belmont, 
Calif. 


Wind Turbine Co., E. Market St. & 
Pennsylvania R.R., West Chester, Pa. 
A, C 

Wire-O-Corp., 205 Cottage St., 
keepsie, N. Y. 

A 


Pough- 
Wolverine Porcelain Enameling Co., 3350 
oe Ave., Detroit 10, Mich. 


Div. of 
urlington, 


Woodworth Metal Fabricatin: 
Shelburne Industries Inc., 
Vt. 

A 
Worcester Pressed Steel Co., 
Ave., Worcester 6, Mass. 
A, B, C, D 
Wuest Bros., 934 W. Hill St. 
Ky. 


> 


100 Barber 
Louisville 


York Corugating Co., Adams St. & West- 
ern Md. Ry., York, Pa. 
A 


Young & Bertke Co., 2235 Buck St., Cin- 
cinnati 22, Ohio 
A 


Youngstown Metal Products Co., P. O. 
Box 900, Youngstown 1, Ohio 
A, B, C, D 

Yuba-Bedford Corp., Subsidiary Yuba Con- 
solidated Industries Inc., Bedford, Ind. 


. 


Spinnings 


A Craft Enterprise Inc., 2 Louise St., Bing- 
hamton, N. Y. 


A, C 





Acme Metal Spinning Inc., 98 43rd Ave. 
N.E., Minneapolis 21, Minn. 
A, B, C, D 

Amesbury Metal Products Co., 39 Oak- 
land St., Amesbury, Mass. 
A, B, C 

AnAAx Mfg. Co., 206 Fulton Ave., Wheel- 
ing, W. Va 
A 

Bartlett-Thompson Co. Inc., 24 Water St., 
Wakefield, Mass. 
A, e c,D 

C. L Capps Co. Inc., 1727 Bennett St., 
Box 3a Jacksonville 6, Fla. 
A, B, C, D 

Cast Metal Mfg. Co., Bath, Pa. 


Cc 
City Metal Spinning & Stamping Co. Inc., 
238 | N. Eighth St., Brooklyn 11, N. Y. 


A, B, C 
Cleveland Porcelain Enameling Co., 3190 
E. 65th St., Cleveland 4, Ohio 


A 

Columbus Industries Inc., 2412 Pennsyl- 
vania Ave., Columbus, Ind. 
A, B, C, D 

The Commercial Shearing & Stamping 
Co., 1775 Logan Ave., Youngstown Il, 
Ohio 
A, B, C, D 

Copperweld Steel Co., The Ohio Seamless 

ube Div., 132-140 W. Main St., Shelby, 

( Yhio 
A 

The Creamery Package Mfg. Co., E. Lake 
St., Lake Mills, Wis. 
A, C 

D. K. Mfg. Co. 
Chicago 32, Ill. 


5059 S. Kedzie Ave., 


4 


Gary Steel Products Corp., 4400 W. Ninth 
St., Gary, Ind. 
A 


Hanson Bros., 8207 S. Allport Ave., Whit- 
tier, Calif 
A, B, C, D 

Haydon Corp., 
400 W. 202nd St., 
A, B, C, D 

. 4 Machine Co. Inc., 42-11 Ninth 

, Long Island City 1, N. Y 

‘i 'B, Cc 

Industrial Electric Works, 
\ Omaha, Nebr. 


Haydon Products Div., 
New York 34, N. Y. 


1509 Chicago 


Kenworth Mfg. Co., 12300 W. Lisbon 
Ave., Milwaukee 16, Wis. 
A, C 
Lafayette Metal Santen < Co., 248 McKib- 
bin St., Brooklyn 6, N. Y 
B,C 


Leonard’s Metal Forming Co., 2310 W. 
Clay St., St. Charles, Mo. 
A, B,C, D 
Leslie Welding Co. Inc., 11241 W. Mel- 
rose St. Franklin Park, Ill. 
Lisk-Savory Co Can- 
N. 


., 243 Gorham St., 


Lukens Steel Co., 453 Services Bldg. 
Coatesville, Pa. 
A, B, C, D 

Malleable Iron Range Co., 715 N. Spring 
St., Beaver Dam, Wis. 


Mercury Clutch Div., Automatic Steel 
Products Inc., 1201 Camden Ave. S.W., 
\ounen 6, Ohio 


role Spinners Inc., 5015 N. 33rd St., Mil- 
waukee 9, Wis. 
A, B,C, D 

Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
A, B, C,D 


176 


Premier Metal Works, 1616 S. Clinton St., 
we 16, Ill. 


A, 
Ray, Daisley Co. Inc., 535 W. Hoffman 
Ave., Lindenhurst, N. Y. 


B, C,D 

Rotary Co. Inc., 1746 Dale Rd., Buffalo 
25, N. Y. 
A, B, C, D 

Sherman-Reynolds Inc., 415 N. Aber- 
deen St., Chicago 22, Ill. 
A, B, C 

Shore-Calnevar Inc., 7701 E. Compton, 
Paramount, Calif. 


Southern Fabricating Co. Inc., 818 20th 
fy Sheffield, Ala. 


Spincraft Inc., 4122 W. State St. Mil- 
waukee 8, Wis. 
A, B, C, D 

C. W. Torngren Co. Inc., 236 Pearl St., 
Somerville 45, Mass. 
A, B, C, D 

United Tube Corp. of Ohio, 3860 E. 9lst 
St., Cleveland 5, Ohio 
A, B,C, D 

Utica Steam Engine & Boiler Works, 800 
—" St., Utica 4, N. Y. 


“i Metalcrafters, (Loth Stove Co.), 
0 E. Main St., Waynesboro, Va. 


Vite Craft Corp. 11122 W. 58th St. 
Shawnee, Kans. 
A,B, C, D 

The Vollrath Co., Foundry L.v., 
18th oe Sheboygan, Wis. 


Stamped 
and Punched Parts 


A Craft En ise Inc., 2 Louise St. 
ee, % 4 


1236 N. 


Accurate Die & Stamping Co. Inc., 1937- 
2 Maud Ave., Chicago 14, Ill. 


Acme Eyelet & 5 Co., 1208 S. 
woe Ave., Maywood, 


A, 

Acme Metal Spinning Inc., 98 43rd Ave. 
N.E., Minneapolis 21, Minn. 
A, B, C, D 

Acme Steel Treating Co., 119 Leib St., 
Detroit 7, Mich. 


A, C 

Acme Wire Products Corp., Box 249, 
ee Calif. 

Acorn Sheet Metal . Inc. 4605 
St. Ching Ke Ill. 


Admiral Tool & Mfg. Co., 3700 N. Tal- 
¢ Chicago 18, Ill. 


Adrian Steel Co., 906 James, Adrian, 
Mich. 
A, C 

Advance Transformer Co., 2950 N. West- 
= Ave., Chicago 18, Ill. 

Aetna Industries Inc., 24331 Sherwood, 
- 66, Center Line, Mich. 


Air Brake Div., Westinghouse Air Brake 
Co., Wilmerding, Pa. 


A, B, C, D 

Air Conditioning Products Co., 2340 W. 
; Blvd., Detroit 16, Mich. 

The Airolite Co., Westview Ave., Mariet- 
ta, Ohio 
A, B,C, D 


Edward Alden Wire Products Inc., 4607 
St. Aubis., Detroit 7, Mich. 


A 
Allen Iron & Steel Co., P. O. Box 550, 
Norristown, Pa. 


A 
Alloy Products Corp., 1045 Perkins Ave., 
Waukesha, Wis. 


Cc 
Alofs Mfg. Co., 345 32nd St. S.W., Grand 
Rapids 8, Mich. 


A, B, C,D 
Alto Mfg. Co., 1647 W. Wolfram St., 


ae 13, IL. 

Aluminum Products Corp., 551 W. Third 
St., Fulton, N. Y. 

A, C 


American Aluminum Co., 230 Sheffield 
St., Mountainside, N. J. 


A 
American Anchor & Chain Corp., Front 
St., P. O. Box 100, Fieldsboro, N. J. 


A 

American Brake Shoe Co., Railroad Prod- 
ucts Div., 2210 E. Abriendo, P. O. Box 
74, Pueblo, Colo. 
A 


American Brass Co., Fabr. Metal Goods 
or. 23 Crane St., Waterbury, Conn. 


A, 

American Coat Hanger Mfg. Specialty 
Co., 4310 W. Jefferson Blvd., Los An- 
- 16, Calif. 


American Device Mfg. Co. & Ace Mfg. 
- Div., Steelev illen 1. 


America Metalcraft Co., Waterville, Ohio 

A, Cc 

American Radiator & Standard Sanitary 
Corp., Youngstown Kitchens Div., 605 
S. Elisworth A Ave., Salem, Ohio 


A 

American Steel Foundries, Hammond Div., 
meee Hammond, Ind. 
A, 


American Steel Treating Co., P. O. Box 
we Crystal Lake, III. 
A, 


American Tack Co. Inc., 3-7 Cross St., 
anes i he 


Amesbury Metal Products Co., 39 Oak- 

land St., Amesbury, Mass. 
B, C 

AnAAx Mfg. Co., 206 Fulton Ave., Wheel- 
ing, W. Va. 
A, B, C, D 

Anchor Hocking Glass Corp. 8653 At- 
lantic Blvd, P. O. 589, South 
Gate, Calif. 
A, B,C, D 

Apex Metal Stamping Co. Inc., 1221 38th 
_ Brooklyn, N. Y. 

Applicator Co., 157-63 13th St., Brooklyn 
15, N. Y. 
A, C 

Architectural Metal Corp. 360 Euclid 
Ave., ees. Pa. 


— Mfg. Co., 
— 5l, iil. 


The Armor Metal Products Co., 3400 
om St., Cincinnati 23, Ohio 
A, 


Inc., 1738 Townsend St., 
, Ohio 


1134 N. Kilbourn Ave., 


Art Stampi 
_— 


Art Wire & Stamping Co., 227 High St., 
Newark 2, N. J. 
A,B, C,D 

Artisan Metal Works Co., 11400 Madison 
A _ Cleveland 2, Ohio 
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sonia Spring Corp., Seaboard Pacific 
. P. O. Box 231, Gardena, Calif. 
A, E c,D 
Associated Spring Corp., Bristol, Conn. 
A, B, C, D 
Associated Spring Corp., Gibson Div., 
P. o Box 336, Mattoon, III. 


A, C 

Associated Spring Corp., Milwaukee Div., 
341 E. Erie, Milwaukee 2, Wis. 
A, B, C, D 

Ataco Steel Products Co., 
~~ Grafton, Wis. 


_B 
Atco Corp., 3825 S. Racine Ave., Chi- 
cago 9, Ill. 


AC 

Atlas Metal Parts Co., 3232 N. 3lst St., 
Milwaukee 16, Wis. 
A,C 


Atlas Wire Products Co. Inc., 8027 Paseo, 
Kansas City 30, Mo. 
A 


1040 Ninth 


Aurora Electric Co. Inc., 87-21 12Ist St., 


Richmond Hill 18, N. Y. 
A 


Automatic Spring Coiling Co., 4045 W. 
Thorndale Ave., Chicago 46, Ill. 
Cc 


A, B, 

Automatic Steel Products Corp., 803 Tay- 
lor, Grand Haven, Mich. 
A, B, C, D 

Auto-Swage Products Inc., 
Shelton, Conn. 

A, C 

Auto-Therm Corp., 24422 Ryan Rd., War- 
ren, Mich. 
A, B, C 

Aywon Wire & Metal - 22-36 Caton 
Place, Brooklyn 18, N. Y 
A, B, C 

ag & Gould, Pine St. Ext., 

H. 


‘ B, C 
William L. Barrett Co., 30 School St., 
Bristol, Conn. 
A, B, C,D 
Bartlett-Thompson Co. Inc., 24 Water St., 
Wakefield, Mass. 
A, B, C, D 
Be Cu Mfg. Co. Inc., Beryllium Rd., 
ea > sea N. J. 


Rey EF Becker Co., 2345 N. Ross Ave., 
Portland 17, Oreg. 


A 

Behringer Metal Works Inc., 
Jabez St., Newark 5, N. J. 
A, C 

The Bellevue Mfg. Co., 
Bellevue, Ohio 
A 


265 Canal St., 


Nashua, 


108-122 
Ashford Ave., 


Benthall Machine Co. Inc., P. O. Box 
513, Suffolk, Va. 
A, B, C, D 

Berger Steel Co., State Rd. 231, P. O. Box 
ee Lafayette, Ind. 


Berkshire Manufactured Products Inc., 625 
Lowell St., West Peabody, Mass. 
A, B, C, D 

Better Formed Metals Inc., 
St., Waterbury 4, Conn. 
A, B, C, D 
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— Steel Co., Bethlehem, Pa. 

Otto Biefield Corp., 200 N. Water St., 
Watertown, Wis. 
A, B, C 

Biggs-United Div. of United Sheet Metal 
Co., 1007 Bank St., Akron 5, Ohio 
A, B, C 

Bingham os Div., The Bingham- 
Herbra brand Corp., 1062 "Post St., Toledo 
6 Ohio 


The Binkley Co., Warrenton, Mo. 
A, B, C 


, 


1961 Edition 


B & J Tool Co. nm 161 S. Water St., 
Tc ie, N. Y 


A, B, C, 
Blackman Stamping & Mfg. Co., 2730 
E. 37th St., Los Angeles 58, Calif. 
A, B, C, D 
Boehm Pressed Steel Co., 2219 W. 63rd 
St., Station A, Cleveland 2, Ohio 


A, C 

The Boston Metals Co., Baldt Anchor 
Chain & Forge Div., P. O. Box 350, 
Chester, Pa. 


A, B, C, D 
E. J. Brandt & Co. Inc., 50-20 25th St., 
Lang Island City 1, N. Y. 


H. Braun Tool & Instrument Co. Inc., 
140 Fifth Ave., Hawthorne, N. J. 


A, C 
Bretford Mfg. Inc., 3951 25th Ave., Schil- 
rs Park, Ill. 


The Brewer-Titchener Corp., Cortland 
” on Div., 111 Port Watson St., Cort- 
- . 


Bundy Tubing Co., 8109 E. Jefferson Ave., 
~~ 14, Mich. 


Burt Mfg. Co., 44 E. South St, Akron 
1l, Ohio 


A, C 

Butler Mfg. Co., 
Galesburg, Ill. 
A 


Cal Dak Industries Inc., 2001 E. 23rd St., 
Little Rock, Ark. 


A 
Caldwell Culvert Co., Box 770, Jackson 5, 
Miss. 


A 
oe Spring Co. Inc., P. O. Box 
BC - Angeles 22, Calif. 
A, 


Cambridge O Wire Cloth Co. Inc., Cam- 
bridge, M 
A, B, C, D 
Capital Spring Co., 
hicege 22, Ill. 


Co. Inc., 1727 Bennett St., 
“a : 6, Fla. 
A,B 


The C. :% Tied feeds Waid Ch. P. O. 
Box 117, Denver 1, Colo. 


A, B 
Cardinal Mfg. Co., 24011 Hoover Rd., 
—— Mich. 


Carrick Products Co., 
Detroit 21, Mich. 


Firman L. Carswell Mfg. Co., 501 S. Val- 
ley St., Kansas City 19, Kans. 


1020 S. Henderson, 


1124 N. Wood St., 


19939 Livernois, 


A 
Central Mfg. Inc., Parker, Ind. 
A 


Central Metal Products Inc., 615 Mathis 
wt eee Ark. 


Champion Sheet Metal Co., P. O. Box 32, 
Cortland, N. Y. 


A, C 
John Chatillon & Sons, Spring Div., 48 
Franklin St., New York 13, N. Y. 
A, B, C, D 
Chicago Crown Co., 
Chicago 23, Ill. 
A, B 
Chicago Cutting Die Co., 2333 W. Nel- 
son St., Chicago 18, Ill. 
A, B, C, D 
Chicago Wilcox Mfg. Co., 7701 S. Ava- 
lon, Chicago 19, I 
A, C 


1231 S. Pulaski Rd., 


City Metal go B4 & Stamping Co. 
Inc., 288 N. Eigh , Brooklyn 11, 
N. Y 


A, B,C 


Ca reese Co., Buchanan, Mich. 


Clark Grave Vault Co., 375 E. Fifth Ave., 
Columbus 1, Ohio 


A, C 
Cleveland Metal Products Co., Washing- 
ton & Center Sts., Cleveland 13, Ohio 


A, C, D 
Cleveland Metal Stamping Co. 3110 
awe Ave., Cleveland 14, Ohio 


Cleveland Porcelain Enameling Co., 3190 
E. 65th St., Cleveland 4, Ohio 


AC 
Club Aluminum Products Co., 825 26th 
St., LaGrange Park, Ill. 


A 
be Collier Steel Corp., Collier, W. Va. 
The : om Co., Clinton, Iowa 


Colonial Engineering Co. Inc., 100 Smith 


ers Cambridge, 


A, 
Columbian Enameling & Stamping Co. 
Inc., P. O. Box 30, Terre Haute, Ind. 


A, Cc 

Columbus Industries Inc., 2412 Pennsyl- 
vania Ave., Columbus, Ind. 
A, B, C,D 

The Commercial Shearin 
Co., 1775 Logan Ave., 
Ohio 


A, C 
Compco Metal Products Co., 85 E. Hylda 
Ave» Youngstown 7, Ohio 


Conner Mfg. Co., P. O. Box 486, Louis- 
ville 1, Ky. 


A 
Consolidated Spring a't'y TS- 13 Coop- 
er Ave., Glendale 27. 


& ngs 6 


oungstown 


A, B, C,D 
Cook Specialty Co., N. Second St., Green 


L ae eb 


Co ob Steel Co., The Ohio Seamless 
ube Div., 132-140 "W. Main St., Shelby, 
ee 


Crompton & Knowles Corp., 93 Grand St., 
Worcester 1, Mass. 
A 

S. Attleboro, 


Craft Inc., 1929 County St., 


Mass. 
A, C 
Crook Sen & Co., 408 E. High St., Hicks- 
ville, Ohio 
A 
er. eames Products Corp., Cullman, Ala. 


Cumberland Case Co., 1 Wiehl St., P. O. 
Box 1446, Chattanooga 1, Tenn. 
A 


Customade Products w> , Robins St. & 
U. S. 65 S., Conway, A 
A, C 

Danby Mfg. Co., Portland, Mich. 
A, C 


Dayton Rogers Mfg. Co., 2824 13th Ave. 
S., 2 7, Minn. 
Dearborn Stamping Co., 
am Dearborn 1, Mich. 


10501 Haggerty 

The Defiance Stamping Co., Perry & Gor- 
man Sts., P. O. Box 506, Defiance, Ohio 
A 


Dennis Mitchell Industries, 4424 Paul St., 
——n 24, Pa. 


Desplains Mfg. Co., 2142 W. Fulton St., 
oo 12, Il. 


Detroit Metal Products, 1600 E. Ten Mile 
Rd., Hazel Park, Mich. 
A 





Detroit Stamping Co., 350 Midland Ave., 
Detroit 3, Mich. 
A, B, C, D 

Die-Matic Products mye 
Ave., Jamaica 33, N. 
A, B, Cc 

D. K. Mig. Co., 5059 S. Kedzie Ave., Chi- 
cago 32, Ill. 
Cc 
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The Doo Val Tool & Mfg. Inc., 45 Elm St., 
Naugatuck, Conn. 
A, B, C, D 

The Doo Val Tool & Mfg. Inc., 45 Elm St., 


Naugatuck, Conn. 


» C 
Dove Die & Stamping Co., 3009 E. 50th 
~ Cleveland 27, Onio 


Dura Steel Products Co., 1774 E. 2ist St., 
ey a 58, Calif. 


- , Works Inc., 129 E. Holcomb 


, Des Moines 4, lowa 


Sem C. Earley Corp., Box 38, Station B, 
Toledo 6, Ohio 
A, B, C, D 
Eastern Steel 
Mount, N. C. 
A, B, C, D 
Eastern Tool & Mfg. Co., 
a oma 9, N. J. 


Products Corp. Rocky 


1 Montgomery 


Eastern Wire Products Co., N. Moodus 


-? Moodus, Cc Conn. 


E. .. Metal Products Co. Inc., 12-12 Bridge 
Plaza S., Long Island City 1, N. Y. 


Eckmann Pressed Metal Co., 
487, Racine, Wis. 
A, B, C 

Eisenhauer Mfg. Co., 
Box 390, Van 
A, B, C, D 

Ekco Products Co., Sta Brite Div., Byes- 
ville, Ohio 


P. O. Box 


Center & Wall, 
ert, Ohio 


Electro-Rack Inc., 
Culver City, C valif. 
» C, 
Ellicott-Brandt Inc., 
Baltimore 30, Md. 
A, B, C, D 
Elrae Pressed Metals Inc., 


more St., P.ffalo 12, 


11501 Jefferson Bivd., 
1700 Ridgeley St., 
Syca- 


Elso Shutter Mfg. Co. 
St., Detroit 8, Mich. 


2738 W. Warren 


A 
Embro Mfg. Co., 
5, Ohio 


A 
Empire Spring Co., 
c,D 


P. O. Box 407, Canton 


Abbe Rd., Elyria, Ohio 
Empire Steel ag, Co., 545 N. Sec- 


ond Ave., Covina, Calif. 
A 


Engineered 
Minn 
A, B, C 

Eugene Engineering Co. I 
Park Ave., ~ Ma 
A, B, C 

Eugene Welding Co., 
wee Mich. 


Specialties Inc. Lakeville, 


1217 Hyde 
Boston 36, Mass. 


302 Carleton Ave.. 


Fairbanks, Morse & Co., 3601 Kansas Ave. 
Kansas City, Kans. 
A, C 

Fairmount Wire Products Inc., 
een, Fairmount, Ind. 


604 E. 


Falls Stamping & Welding Co., 1701 Front 
~ aan oga Falls, Ohio 


nae Co., P. O. Box 118, Passaic, N. J. 
A, B,C, D 


Fanner Mfg. Co., Brookside Park, Cleve- 
_ 9, Ohio 


A, B .C,D 

Farwell Metal Fabricating, Div. of Farwell, 
Ozmun, Kirk & Co., 75 W. Fairfield 
Ave., St. Paul 7, Minn. 


A, B, C 
Fastex Div., Illinois Tool Works, 195 Al- 
gonquin Rd., Des Plaines, Ill. 


A, 

Federal Tool & Mfg. Co., 3600 Alabama 
Ave., Minneapolis 16, Minn. 
A, B, C, D 

P. Feiner & Sons Inc., 522 W. 45th St., 
New York 36, N. Y. 
A, B, C 

Fisher Industries Inc., 1625 W. Maple Rd., 
xe Mich. 


Ford Motor Co., Cleveland —_ 
Plant, 7845 Northfield Rd., 
Ohio 


A 

Forgings & Stampings Inc., 1025 23rd 
Ave., Rockford 2, Ill. 
A 


Forman “a4 Inc., 185 Boardway, Brook- 
lyn Il, N. Y 
A, B 

Fraen Corp., Rear 338 Main St., 
field, Mass. 
A, B, C 

Freeway Washer & Stamping Co., 4911 
Grant Ave., Cleveland 5, Ohio 
A, B, C 

Gagnier Fibre Products Co., 10151 Capital 
Ave., Oak Park 37, Mich. 


A, C 

Gardner-Clark Spring Co., 6833 Stanford 
Ave., Los Angeles |, Calif. 
A 


Gardner Hardware Corp., 170 Mill St., 
Gardner, Mass. 


A 

Gary Steel Products Corp., 4400 W. Ninth 
St., Gary, Ind. 
A 


Gate City Steei Inc., 1602 N. 
Omaha 10, Nebr. 
A, C 

Gatewxy Engineering Co., 2003 Lovegrove 
St., Baltimore 18, Md. 


A 

General Pressed Metal Co., 926 Wolf St., 
P. O. Box 493, Syracuse 1, N. Y. 
A, B, C 

Genera! Railway Signal Co., 801 West 
Ave., P. O. Box 600, Rochester 2, N. Y. 
A, B, C,D 

Geuder, Paeschke & Frey Co., 324 N. 15th 
St., Milwaukee 1, Wis. 


A, B,C, D 

Globe Tool & Die Mfg. Co. Inc., 833 Main 
St., Southbridge, Mass. 
A, B, C, D 

I. Golden Corp., 1054 38th St., 
19, N. Y. 
A, C,D 

Gopher Stamp & Die Co., 78 Chicago 
Ave., St. Paul, Minn. 


A 
Gordon & Morgan Machine Co., 3725 
Touzalin Ave., Lincoln 7, Nebr. 


Wake- 


llth St. 


Brooklyn 


A, B 

Graham Eng. Research Inc., 1571 W. Pierce 
St., Milwaukee 4, Wis. 
A, B, C 

Grand Haven Stamped Products Co., 
Grand Haven, Mich. 
A, C 

Peter Gray Corp., 286 Third St., Cam- 
bridge 42, Mass. 
A, B, C, D 

Greenline Metal Products Co., 493 Wheat- 
field St., North Tonawanda, N. Y. 
A, B, C, D 

Gresham & Co., 2745-57 Southwest Blvd., 
Kansas City 8, Mo. 
A, C 


Guarantee ialty Mfg. Co., E. 96th & 
N.Y.C. R.R., Cleveland 8, Ohio 


A, B, C 
Frank Hamachek Machine Co., 97 Ellis 
St., Kewaunee, Wis. 


Hamilton Cosco Inc., Cove Station Box 
yy eee W. Va. 


Hanson Bros., 8207 S. Allport Ave., Whit- 
tier, w5 


A, B, C, D 
Harvey Spring & Mfg. Co., 671 N. Sanga- 
mon St., — Ill. 
A, B, C.D 
Haydon A Haydon Products Div., 
202nd St., c= York 34, N. Y. 
A, AB. “GD 


Hayes Industries Inc., Namco Div., Spen- 
cerville, Ohio 


A, C 

Hertzler & Zook Products, 36 Maple St., 
Belleville, Pa. 
A 


Heyiman Mfg. Co., 1000 Michigan Ave., 
a? N. J. 


Hig bie Mfg. Co., Avon Tube Div., E. 
am St., Box 149, Rochester, Mich. 


Hiegine Metal Products Co., 2000 Broad- 


way, Swanton, Ohio 


J. R. Hoe & Sons Inc., N. 19th & Fleet- 
wood Rd., Middlesboro, Ky. 
A, B, C 

Hoff Sheet Metal Works Inc., 411 N. 
Eighth St., Richmond, Ind. 


A 
Hofley Mfg. Co., 22534 Groesbeck High- 
way, East Detroit, Mich. 


A, B, C, D 

Holbrook Merrill Co., 1150 Kifer Rd., 
P. O. Box 777, Sunnyvale, Calif. 
A, B, C,D 

Houston Blow Pipe & Sheet, Metal Works, 
P. O. Box 1692, Houston I, Tex. 
A, B, C, D 

M. D. Hubbard Spring Co., 217 Central 
Ave., P. O. Box 651, Pontiac 12, Mich. 
A, B, Cc 

Hudson Tool & Die Co. Inc., 18 Malvern 
St., Newark 5, N. J. 
A, B, C, D 

Huebel Mfg. Co. Inc., 761 Lexington Ave., 
Kenilworth, N. J. 
A, B,C, D 

Hughes-Treitler -_ Corp., 1045 39th St., 
“ “wa 19, N 


Huot Bite. Co., 550 N. Wheeler Ave., 
St. Paul 4W, Minn. 
A 

Ideal Can Co., 68 Vine St., Everett, 
Ronen Mass. 

Independent Nail & Packing Co., 106 
or St., Bridgewater, Mass. 

Indiana Pressed Steel Co., P. O. Box 1232, 
— Ind. 


Industrial Casting of Myerstown, P. O. 
Box 60, Columbia, Pa. 
A 


Industrial Electric Works, 1509 Chicago 
St., Omaha, Nebr. 
A 


Industrial Engineeri 
Bloomsbury St., P 
ton 6, N. J. 


Works Inc., 67 
. Box 1961, Tren- 


Industrial Metal Fabricating, 90 Newark 
Pompton Turnpike, Wayne, N. J. 
A, B, C 

Industrial Wire Products Corp., 2417 E. 


os St., Los Angeles 58, Calif. 
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ll Steel Div., Borg-Warner Corp., 
Box 273, New Castle, Ind. 
A, B, C, D 
Inshield Die & Stamping Co., 1931 Man- 
hattan Blvd., Toledo 8, Ohio 
A, C 
The Jeffrey Mfg. Co., 907 Fourth St., Co- 
lumbus 16, Ohio 
A.C 
Jones & Laughlin Steel Corp., Stainless 
& Strip Div., Box 4606, Detroit 34, 
Mich. 
A. ¢ 
jones Sheet Metal & Machine Works, 16th 
St. & Second Ave., Opelika, Ala. 
A, C 
Kaiser Steel Co 300 Lakeside Drive, 
Oakland 12, Calif, 


Deiat Van Saun Eng. & Mfg. Corp., 
Beaver St., Danville, Pa. 
A, B, C, D 

Kenworth Mfg. Co., 12300 W. 
Ave., Milwaukee 16, Wis. 
A, B, C, D 

Kickhaefer Mfg. Co., 901 S. Second St., 
Milwaukee 4, Wis. 
A, B, C, D 

Kickham Boiler & Sheet fron Works Inc., 
2515-17 N. 25th St., St. Louis 6, Mo. 
A, B, C, D 

Kiechler Mfg. Co. Inc., 1014 Wade St., 
Cincinnati, Ohio 


Lisbon 


North 


Alfred B. King Co., Devine St., 
Haven, Conn. 
Aa GD ‘ 
King Stove & Range Co., Sheffield, Ala. 


A 
Klauer Mfg. Co., Ninth & Washington, 
Dubuque, Iowa 


A 
The ae Steel Co., Bellevue, Ohio 
A, 


A. J. Knott Tool & Mfg. Co., 6 Front St., 
Milford, Mass. 
A, C, D 

John J. Kovacs Inc., 353 Canal St., New 
York, N. Y. 
A, B, Cc, D 

Krause Stamping & Mfg. Co., P. O. Box 
188, Triadelphia, W. Va. 
A 


Kuhl Mfg. Co., 2424 Davis St., 
andro, Calif. 
A, B, C, D 

LaGanke and Sons Stamping Co., 864 
E 140th St., Collinwood Station, Cleve- 
— 10, Ohio 


San Le- 


Lafayette Metal Spinning Co., 248 Mc- 
a Brooklyn 6, N. Y. 

Laminated Shim Co. Inc., 48 Union St., 
Glenbrook, Conn. 
A, B, C.D 

Larson Tool & Stamping Co., Olive St., 
Attleboro, Mass. 

* . Cc, D 

Leake Stamping Div. of Monarch Prod- 
ucts Co. 1250 E. First St., Monroe, 
Mich. 
A 


Lee-Rowan Co., 6301 Etzel Ave., St. Louis 
14, Mo. 


A 
Leichner Mfg. Co. 1510 N. Neil St., 
Champaign, IIl. 
A, B, C 
Lemlar Mfg. Co., P. O. Box 352, Gar- 
dena, Calif. 
A 


Leonard’s Metal Forming Co., 2310 W. 
Clay St., St. Charles, Mo. 
A, B, C, D 

Leslie Welding Co. Inc., 11241 W. Mel- 
rose St., Franklin . ‘ark, Ill. 
A 


1961 Edition 


Lincoln Steel Works, 315 W. O St., Lin- 
te 1, Nebr. 

Link Belt Co., Dept. 61-MDFM, 300 W. 
Pershing Rd., Chicago 9, Ill. 
A, B, C, D 

Link-Belt Co., Dept. 61-MDFM, Ewart 
Plant, 220 S. Belmont Ave., Indianapo- 
lis, Ind. 
A, B, C, D 

Lisk-Savory Corp., 243 Gorham St., Can- 
a N. Y. 


Lukens Steel Co., 453 Services Bldg., 
Coatesville, Pa. 

A, B, C, D 

Lundin-Hendry Inc., Box 2027, Baton 
Wg l, La 


A, 

Malco Mfg. Co., 4025 W. Lake St., Chi- 
cago 24, Ill. 
A 


Malleable Iron Range Co., 715 N. Spring 
ie Beaver Dam, Wis. 


Mardigian Corp., The Buckeye Aluminum 
a a 770 Spruce St., Wooster, Ohio 

Marlboro Wire Goods Co., 406 Lincoln 
St., Marlboro, Mass. 
A, C 

Master Mfg. Co., 119 Main St., 
Box 694, Sioux City 2, lowa 
A, C 

Master Metal Products Co., 495 Emory 
St., San Jose 10, Calif. 
A, C, D 

May & Scofield, 621 S. Dearborn, How- 
ell, Mich. 
A, B, C 

McIntosh Stamping Corp., 13881 Elmira 
Ave., Strathmoor Station, Detroit 27, 
a 


The McKay Co., 850 Grantley Rd., York, 


Pa. 


Be 


A 

J. a Inc., 649 Grant St., Niles, 

io 

A 

Meldrum Mfg. Engineering Co., 473 
Cleveland Ave., St. Paul 4W, Minn. 
A, C 

Melrath Metal Stamping Corp., Red Hill, 
P. 


a. 

A, B,C, D 

Melray Mfg. Co., 9511 
Schiller Park, Ill. 
A, B, C, D 

Mercury Clutch Div., Automatic Steel 
Products Inc., 1201 Camden Ave. S.W., 
ane 6, Ohio 


W. River St, 


Mercury Minnesota Inc., 901 Hulet Ave., 
Faribault, Minn. 
A 


Metal Fabricators Inc., Box 3232, Char- 

_ 3, N. C. 
B, C, D 

a al Formin Corp., 1937 Sterling Ave., 
Elkhart. Ind 
A, B, C, D 

Metal Specialty Co., Este Ave. & B. & O. 
aa om 32, Ohio 


The Metalite Mfg. Co., 924 Thompson 
Ave., Glendale 1, Calif. 
A, B, C 

Meyers Spring Co., 500 Humphrey St., 
Logansport, Ind. 
A, B, C 

Micro Precision Corp., 150 N. Fifth St., 
Brooklyn 11, N. Y. 
A, B, C 

Midwest Metal Moulding Co., 13299 
Tw Mile Rd., East Detroit, Mich. 
A, 


wt &:: at Series Mfg. Co., Mentone, Ind. 
A,B 


aieon 2 Stamping & Mfg. Co., Napoleon 
Rd., Bowling Green, Ohio 
A, B, Cc 

Miller & Van Winkle Co., P. O. Box 
fe Paterson 13, N. J. 


A, 
Mitchell Mfg. Co., 1601 Ballman Rd., 
_ Smith, Ark. 


Modern Metal Products, 726 Beacon St., 
Rockford 6, Ill. 
A, C 


T. R. Moen Mfg. Corp., Box 47, Flint 1, 
Mich. 
A 


Mohawk Mfg. Co., P. O. Box 1110, Mid- 
dletown, Conn. 
A, C,D 

Monatco Mfg. Corp., 2214 Front, Kansas 
City, Mo. 
A, C 

George W. Morris Co., 417-29 Lake Ave., 
Racine, Wis. 


A, C, 

Morweld Steel Products Corp., Ellsworth, 
Mich. 
A, B, C 

Mount Clemens Metal Products Co., 145 
S. Rose St. P. O. Box 205, Mount 
nae Mich. 


M & W Mfg. Co., 13701 E. Nine Mile 
Rd., Warren, Mich. 
B 


The F. E. Myers & Bros. Co., 400 Orange 
St., Ashland, Ohio 
A 


National Screw & Mfg. Co., Hodell Chain 
Div., 3924 Copper Ave. & Penn. R.R., 
asses 3, Ohio 


New England Pressed Steel Co., Wash- 
ington Ave., P. O. Box 29, Natick, Mass. 
A, C 


New Standard Corp., Mount Joy, Pa. 
A, B, C 


Newark Wire Cloth Co., 351 Verona Ave., 
Newark 4, N. J. 


"Gee Ad, Page 191) 
Nixdorff-Krein Mfg., 916 Howard St., St 
Lae 6, Mo. 


A, 

Noesting Pin Ticket Co. Inc., 738 E. 136th 
St., New York 54, N. Y. 
A, D 

C. S. Norcross & Sons, Dean & Davis 
a Bushnell, Ill. 


Northern Engraving & Mfg. Co., Fourth 
. Te Sts., LaCrosse, Wis. 

Northfield Stamping Co. Inc., 19500 Allen 
Rd., Melvindale, Mich. 
A, C 

Northwest Products Inc., 
Wash. 
A 

ey Spring Co., Kendallville 

. Box 1, Kendallville, Ind. 

A 


Omark Industries Inc. 9701 SE. 
Lourie Blvd., Portland 22, Oreg. 


Ott Mfg. Inc., 101 Newark Way, Ma- 
plewood, N. J. 
A, B, C 

Overbeke-Kain Co., 20905 Aurora Rd., 
Bedford, Ohio 
A, B, C, D 

Overly Mfg. Co., 574 W. Otterman St., 
wanes Pa. 


Metal 





Pacific Metal Fabricators Co., 2505 S. Blue 
Island, Chicago 8, Ill. 
A, B, C, D 

Paller & Goldstien Sheet Metal & Metal 
Roof Decking, 13309 S. Western Ave., 
ere — if, 
A, B,C 

Papec Maci. ine Co., 
ville, N. Y. 
A 


10 Main St., Shorts- 


Paragon Spring Co., 4617 W. Fulton St., 
Chicago 44, Ill. 
> D 


M. B. Parker Co., 
Memphis, Tenn 
A 


1449 Thomas, Box 4823, 


Pax Products Inc., 100 Water St., Brook- 


lyn 1, N. Y. 
Penn Cork & Closures Inc., 


hattan Ave., 22 


1155 Man- 
Brooklyn 22, N. Y. 


Pennsylvania Wire Rope Corp., 905 First 
St., Williamsport, Pa. 
A, C 

Peterson Bros. Mfg. Co., 
Iselin, Woodbridge, N. J. 
A, B, C, D 

Peterson Products Corp., 4848 N. 
‘;? a Ill. 


Puli 


Oak Tree Rd., 
River 


% Butort Corp., 


wa 2, Tenn. 


P. O. Box 1129, 


w.23 eel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 
, B,C, D 

Pittsburgh Forgings Co., Box 307, Cora- 


opolis, Pa. 


Pix Mfg. Co. Div. 
Pharm. Corp., 75 Hudson St., 
2, N. J. 


Phelip; Elect. & 
Newark 


A 

Plymouth Stamping Co., 315 W. Ann 
Arbor Rd., Plymouth, Mich. 
A, B, C, D 

Polar Ware Co., Lake Shore Rd., P. O. 
sox 211, Sheboygan, Wis. 
A, B, C 

Powell Pressed Steel Co., Erie St., Hub- 
bard, Ohio 
A, B,C, D 

P-R Die & Stamping Co., 
ry e., Detroit 17, Mich. 


14034 Mellon 


re Coil Spring Co., 1213 W. Rose 
, El Monte, C “ali 
A 'B, C.D 
Premier Metal Works, 1616 S. Clinton St., 
Chicago 16, IIl. 


Product Engineering & Mfg. Co. Inc., 
434 W. First, Wichita, Kans. 
A, B, Cc, D 

Production Metal Products Inc., 


Sangamon St., Chicago 22, Ill. 


421 N. 


Production Metal Stamping Co., 340 Tu- 
dor Ave., Toledo 12, Ohio 
A, C 

Pruden Products Co., Water St., 
ville, Wis. 
A 

P & W Tool & Die Co., 3751 Montgom- 
ery Rd., Cincinnati 12, Ohio 
A, C 

Quadriga Mfg. Co., 213 W. Grand Ave., 
Chicago 10, Ill. 
A, B, C, D 

Ralph Mfg. Co., 927 Broad St., 
Wadsworth, Ohio 
A 


Evans- 


Box 188, 


Ravens-Metal 
Parkersburg, W. Va. 
A 


Redco Corp., Red Lion, Pa. 
A, B, C 
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Products Inc., Box 882, 


Reichert Float & Mfg. Co., 2242 Smead 
Ave., Toledo 6, Ohio 
A, B, C, D 

Republic Steel Corp., Steel & Tubes Div., 
Cleveland 8, Ohio 
A, C 

Revere Copper & Brass Inc. Clinton 
Mig. Div., Clinton, Ili. 
Cc 


Reynolds Industries Co., Vincennes, Ind. 
A 


M. M. Rhodes & Sons, 12 Porter St. 
Taunton, Mass. 
A 


Richmond Bros. Co., 
St., Newark 5, N. J. 
A 


173-75-77 Chestnut 


Richter Metalcraft Corp. Box 147, Mt. 
Vernon, N. Y. 
A 


Rieke Metal Products Corp., Auburn, Ind. 


A 

Rochester Novelty Works, 485 Hague St., 
Rochester 6, N. Y 
A, C 

Rockwell Engineering Co., 13500 S. West- 
ern Ave., Biue Island 43, Ill. 
A, B, C, D 

Rockwell-Standard Corp., 6443 E. Slau- 
son Ave., Los Angeles 22, Calif. 


A 

Rockwell-Standard Corp., Spring Div., 
Sixth & Miami Ave., Logansport, Ind. 
A, B, C, D 

Roesch Enamel & Mfg. Co., Belleville, Ill. 
A, C 

Rotary Co. Inec., 1746 Dale Rd., Buffalo 
25, N. Y. 

A, B, C, D 

Roura Iron Works, 1401 Woodland Ave., 
Detroit 11, Mich. 
A, B, C 

Roxter Metal Products Mfg. Corp., 10-11 
~ a Ave., Queens (Long Island City), 


Me B, Cc, D 
St. Clair Foundry & Mfg. Co., 700 Wil- 
son, Centralia, Ill. 
A, B, C, D 
Schnacke Mfg. Corp., 1016 E. Columbia 
St., Evansville 7, Ind. 
A, B, C 
Screen Products Inc., E. Passaic Ave., 
P. O. Box 430, Caldwell, N. J. 
A, B, C 
Security Steel & Wire Works Inc., 140 
Somerville Ave., Boston 4°, Mass. 
A 
The Seymour Products Co., 111 River St., 
Seymour, Conn. 
A 


Shank Metal Products Co., 49 Day St., 
South Norwalk, Conn. 
A, C 


Sheffco Mfg. Co., 
view, 
A, B, C, D 
Sherman-Reynolds Inc., 415 N. Aberdeen 
St., Chicago 22, Ill. 
A, B, C 
Shore-Calnevar Inc., 7701 E. Compton, 
Paramount, Calif. 
a c,D 
ode Steel Stra 
_ P. O. Box 


323 Bergen Blvd., Fair- 


ing Co., North Point 
ll, Baltimore 19, Md. 


cen Carter Co., 655 19th Ave. N.E., 
Minneapolis 18, Minn. 
A, C 


Simpson Co., 1470 Doolittle Drive, San 
Leandro, Calif. 
A, C 


Sioux City Foundry & Boiler Co., E. 
— & Division St., Sioux City, lowa 


Skyline Products ~ 819 Grand Blvd., 
re =_ ee ® 


A, 

Elwin G. Smith & Co. Inc., Williams St., 
Emsworth, Pittsburgh 2, Pa. 
A, B, C 

Sobel Metal Products Co. 
Spruce St., Easton, Pa. 

A, B, C 

South River Metal Products, 377-379 

ho South River, N. J. 


Southern Fabricating Co. Inc., 818 20th 
~ Sheffield, Ala. 


Spaulding Products Co., 550 W. Barner 
St., Frankfort, Ind. 
A 


Inc., 1240 


Specialties Mfg. Co. Inc., 125 Bruce Ave., 


Stratford, Conn. 
B, C 


Spincraft Inc., 4122 W. State St., Mil- 
waukee 8, Wis. 
A, C 

Sprinchorn & Co., 601 
Jamestown, N. Y. 


_C 
Standard Portable Cord Co. Inc., Valley 
re Mayville, N. Y. 


The Standard Products Co., Box 5i2, Ful- 
lerton, Calif. 
A, C 

Standard Products Co., Lexington Div., 
re weed Clay Blvd., Lexington 7, Ky. 


A, 

Standard Products Co., 2130 W. 110th St., 
Cleveland 2, Ohio 
A, C 


— Sheet Metal Works, 3295 N. 30th 
, Milwaukee 16-1, Wis. 
'B, 


W. Third St., 


4 

Standard Steel —— 610 E. 133rd St., 
New York 54, N. Y 
A, B, C 

The Stanley Works, 
Britain, Conn. 


195 Lake St., New 


»~C 
Star Stamping Co., 1304 M-139, Benton 


Harbor, Mich. 
A, B, C 
S. T. D. Div., Pierce Industries, 1250 As- 
bestos Ave., Alliance, Ohio 
A 
Steel Heddle Mfg. Co., Foun Div., 
% O. Box 1899, Greenville, S. 


Sterling Mfg. Co., Inc., 1134 Fairview 
(P. O. Box 1798), Wichita 1, Kans. 
Cc 


A, 
Stoddard Quirk Mfg. Co., 3383 E. Lay- 
ton Ave., Cudahy, Wis. 
Cc 


Reynolds Spring 


A, 
——. Greene Co: 
ird St., Chester, Pa. 


was iv., 500 E. 


The Stuebing Automatic Machine Co., 
3424 _— St., Cincinnati 23, Ohio 
A, B, 

Sturgeon ney Metal Products Inc., 416 W. 
Maple St., Sturgeon Bay, Wis. 

A 


Suckle Electronics Co., 22nd & Hayes 
‘+ Camden 5, N. J. 


oo ior Tool & Die Corp., 1747 Flower 
perior Tool & Calif. 
A, B, C,D 

S Tube Corp., One Clifton Blvd., 
2 ifton, N. J. 


Syracuse Stamping Co. Inc., 1044 S. Clin- 
ton St., Syracuse 4, N. Y. 
A 
Syro Steel Co., 1170 N. State, Box 87, 
Girard, Ohio 
A, B, C 
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STRIKING 


WHILE 
THE 
MIETAL’S 


— 
; = 
e 


TO FORGE 
SUPERIOR 


and high 
ultimate 
strength 
into your 


critical parts 


Here in fierce heat and pressure of the forging process is seen the literal birth of 
endurance in metal. No other method compares for preserving and improv- 
ing physical properties. No other method refines metal structure to compar- 
able levels of toughness and fatigue resistance—or provides like opportunity 
to reinforce strength at points of stress by control of grain flow. 

Similarly, no other forging source offers the unique combination of cap- 
abilities, facilities and experience found at Wyman-Gordon. Here is the 
industry’s broadest range of hot-working equipment—in hammer and press 
types, in closed-die forged weight and size capacity, in materials utilization. 
Here, too, is professional assistance in design and metallurgical problems— 
continuously updated by intensive research—providing significant contributions 
for aircraft, missile, nuclear, automotive, diesel, gas turbine, farm machinery 
and heavy equipment forging applications. 

A Wyman-Gordon engineer stands ready to counsel on all such applications. 
He brings an invaluable backlog of field-and-laboratory data showing how to 
use forgings to the most economical advantage. His aid, while designs are 
still ‘‘on the board,” can lead to lower end-use costs. 
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WYMAN - GORDON 


FORGINGS 
of Aluminum Magnesium Steel Titonivm ... ond Beryllium Molybdenum Columbivm and other uncommon materials 
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— 


S. G. Taylor Chain Co., 
wy Hammond, Ind. 


3 14lst St., Box 


Technibilt Corp., 905 Air Way, Glendale 
alif. 

A 

Templet Mfg. Corp., 701 Atkins Ave., 
Brooklyn 8, N. Y 
A, B, C, D 

Textile Shield Co., | 
Mass. 
A, B, C, D 

Wm. Thomas & Sons, 
Ridgefield, N. J. 
A, B, C,D 

Thompson rar & Steel Co., 
2852, Denver 1, Colo. 
AC 

Thompson Ramo Wooldridge Inc., 1455 
E. 185th St., Cleveland 10, Ohio 
A 


Groton St., Lawrence, 


Slocum Ave., 


P. O. Box 


Welder Co.. Welded 
3020 N. Water St., Bay 


Thomson Electric 
Products Div., 
City, Mich. 

Cc 
Thomson Electric Rolled 
Ne: ucts Div., 


Cc 
E. “iW Titchener & Co., 
Binghamton, N. 
A, B, C, D 
The Toledo Pressed Steel Co., 
lips Ave., Toledo 12, Ohio 


Welder Co. 
Oscoda, Mich. 


67 Clinton St., 
397 Phil- 


A, C 

Toledo Stamping & Mfg. Co., 99 Fear- 
ing Blvd., P. O. Box 596, Toledo Ohio 

C. W. Torngren Co. Inc., 236 Pearl St., 
Somerville 45, Mass. 
A, B, C, D 

Tower Construction Co., 2700 Hawkeye 
Drive, Sioux City 2, lowa 
A, B, C 

Transue & Williams Steel Forging Corp., 
Stamping Div., Alliance, Ohio 
. B,C 

Triad Metal Products Co., 14701 Indus- 
trial Parkway S. W., Cleveland 3, Ohio 
A, B, C, D 

Triangle Sheet Metal Works, 115 New 
Hyde Park Ra., New Hyde Park, N. Y. 
A.C 

Trim Trends Inc., 25606 W. Seven Mile 
Rd., Detroit 40, Mich. 
A, C 

Tri-State Engineering Co., P. O. Box 266, 
Washington, Pa. 
A 


Trojan Steel Co., P. O. Box 2426, Charles- 
ton 29, W. Va. 
A, B, C, D 

Tube Co. Inc., 
Minn. 

A 


W. North St., Owatonna, 


Tubing Seal Cap Co., Div. of Voishan 
Industries, 808 W. ‘Santa Anita Ave., 
San Gabriel, Calif. 

A, B, C, D 

Union Spring & Mfg. Co., Second Ave. 
& Eighth St., New Kensington, Pa. 
A, B, C 

United Staple Co. Inc., 49-01 Fifth St. 
Long Island City 1, N. Y. 

A 

U. S. Stove Co., Cedar Ave., South Pitts- 
burg, Tenn. 
A, C 

United Tube Corp. of Ohio, 3860 E. 91 
St., Cleveland 5, Ohio 
A, B, C, D 

United Shoe Machinery Corp., Shelton 
Div., Shelton, Mass 
A, C 

United Shoe Machinery Corp., Metal 
S:ampings Div., Whitman, Mass. 

A 
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Universal Form Clamp Co., 1238-48 N. 


Kostner Ave., Chicago 51, Ill. 


A 

Universal Tool Co. Inc., 33 Rose Place, 
Springfield 4, Mass. 
A 


Vail Mfg. Co., 
19, Il. 


900 E. 95th St., Chicago 


A, B 
L. D. Holyoke, 
Mass. 
A, B, C 
Victor Tool & Machine Corp., P. O. Box 
29-605-25 Ann St., St. Joseph, Mich. 


A 
Virginia Metalcrafters, (Loth Stove Co.), 
1010 E. Main St., Waynesboro, Va. 


A 

Vita Craft Corp. 11122 W. 58th St, 
Shawnee, Kans. 
A, B, C, D 

Vitreous Steel Products Co., P. O. Box 
150, Nappanee, Ind. 
A, B, C, 

Harvey Vogel Mfg. Co., 2577 Como St., 
St. Paul 8, Minn. 

A, B, C,D 
Volkert Stampin 
2323 Reach 

A 


Van Valkenburg Co., 


Inc., Vidmar Inc. Div., 
.. Williamsport, Pa. 


The Vollrath Co., Foundry Div., 1236 
N. 18th St., Sheboygan, Wis. 
»~C 
The Waco Aircraft Co., Peters Rd., Troy, 
io 
A, B, C 
The Wade-Youmans Co., 
Ave. N., Alliance, Ohio 
A, D 
Waggoner Corp., 
Troy, Mich. 
A,C 
Wall-Colmonoy Corp., 
Detroit 3, Mich. 
B, C 


227 Freedom 
1400 Rochester Rd., 


19345 Joan R. St., 


Warnock Spring Co. Inc., 227 Iron St. 
Detroit 7, Mich. 
A, C 

Warren Mig. Co. Inc., Main St., 


market, N. H. 
A, C 


New- 


Warth Bros. Steel Fabricators, 240 W. 
Ivy, Inglewood, Calif. 
A 
Waterman Industries Inc., P. O. Box 458, 
Exeter, Calif. 
LC 
Webster Mfg. Inc., 
Ohio 
A, B, C, D 
Webster Spri 
Brooklyn I, Ny” 
A, B, C 
Wedge Protectors Inc., 3985 Jennings Rd., 
Cleveland 9, Ohio 
A 


W. Hall St., Tiffin, 


.. 176 Johnson St., 


Wm. Weich Roofing & Sheet Metal 
Works Inc., 1819 tral Ave., Cin- 
cinnati 14, Ohio 

. . . D 

West Bend Aluminum Co., Lock Box 278, 
West Bend, Wis. 

A. C 

Western Gasket & Packing Co., 2331 E. 
27th St., Los Angeles 58, Calif. 
AB C 

Western Iron & Foundry Co. Inc., 702 
E. Second St., Wichita 2, Kans. 

A, B 

Western Way Mfg. Co., 
Blvd., Van Nuys, Calif. 

c,D 


16018 Roscoe 


Westinghouse Electric Corp. Box 128, 
Blairsville, Pa. 
D 


Westprest Inc., 521 N. Bivins St., Amarillo, 


Tex. 
A, B, C, D 
Wheeling Steel Corp., Martins Ferry Fac- 
tory, Martins Ferry, Ohio 
A 


White Cap Co., 1819 N. Major Ave., 


Chicago Bo, lll. 
A 


Wico Metal Products, 23412 Sherwood, 
Warren, Mich. 
A 


Wilder Mfg. Co., P. O. Box 189, Niles, 
Ohio 
A 


Wilder Products Co., 2400 Columbus Ave., 
Springfield, Ohio 
A 


William-Wallace Co., Box 137, Belmont, 
Calif. 
A 


Will-O-Hill Industries Inc., 37611 Euclid 
Ave., Willoughby, Ohio 
A 


Wind Turbine Co., E. Market St. & 
Pennsylvania RR, West Chester, Pa. 
A, C 


J. H. Winn Inc., 620 Washington St., 
Winchester, Mass. 
A 


Winzeler Mfg. & Tool Co., 7355 W. 
Wilson, Chicago 31, Ill. 
4,B,C,D 

Wire-O- ., 205 Cottage St. 
— ; ee 


Pough- 


Wisconsin Gasket & Mfg. Co., T1500 W. 
Brown Deer Rd., Granville, Wis. 
A, B, C, D 

Wisconsin Metal Products Co., DeKoven 
. Phillips Aves., Racine, Wis. 


Woodworth Metal Fabricati 
Shelburne Industries 


Vt. 
A, B, C 

Worcester Pressed Steel Co., 
Ave., Worcester 6, Mass. 
A, B, C, D 

Worcester Stam Metal Co., 9 Hunt St., 
wep ass. 


og SR 


100 Barber 


Wuest Bros., 934 W. Hill St., Louisville 
» Ky. 
A, Cc 
York Corrugating Co., Adams St. & West- 
_ Md. Ry., York, Pa. 


Salk.“ Metal Products Co., P. O. 
Box 900, Youngstown 1, Ohio 
A, B, C,D 


Patterned Metals 


Acme Steel Co., Riverdale Station, 135th 
& Perry Ave., Chicago 27, Ill 
A 


Air Brake Div., Westinghouse Air Brake 
Co., Wilmerding, Pa. 
A 


The Airolite Co.. Westview Ave., Mariet- 
ta, Ohio 
A, B, C, D 

Edward Alden Wire Products Inc., 4607 
Aubin, Detroit 7, Mich. 

Allen Iron & Steel Co., P. O. Box 550, 


Norristown, Pa. 


Aluminum Products Corp., 551 W. Third 
St., Fulton, N. Y. 
A, C 
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Amesbury Metal Products Co., 39 Oakland 
St., we Mass. 


A, B, 
American Steel & Wire Div., U. S. Steel 
a Rockefeller Bldg., Cleveland 13, 
io 


A.C 
American Tack Co. Inc., 3-7 Cross St., 
Suffern, N. Y. 


A 
AnAAx Mfg. Co., 206 Fulton Ave., Wheel- 
ing, W. Va. 
5 i 


ie 206 Fulton Ave., Wheel- 


Armco Drainage & Metal Products Inc., 
North Pacific Div., 1320 S. W. Broad- 
ways Portland 1, Oreg. 


Artisan Metal Works Co., 11400 Madison 
rg N. W., Cleveland 2, Ohio 


A, B, C 

Atco Corp. 3825 S. Racine Ave., Chicago 
Q, Ill. 
A 

Auto-Therm Corp., 24422 Ryan Rd., War- 
ren, Mich. 
A 


Bretford Mfg. Inc., 3951 25th Ave., Schil- 
ler Park, Ill. 
A 


Butler Mfg. Co., 1020 S. Henderson, Gales- 
burg, Il 


A 
Cadillac Fabricators Inc., 7001 Morgan 
a Cleveland, Ohio 


The C. S. Card Iron Works Co., P. O. 
ag Denver 1, Colo. 


A, 

The Compo Corp., 3220 W. Fond du Lac 
Ave., Milwaukee 10, Wis. 
A, B, C.D 

Dayton Rogers Mig. Co., 2824 13th Ave. 
S., Minneapolis 7, Minn. 
A.B, C.D 

Detroit Steel Corp., New Haven Branch, 
4 O. Box 1780. New Haven 14, Conn. 


Sam C. Earley Corp., Box 38, Station B, 
Toledo 6, Ohio 
A, C 


E. B. Me‘al Products Co. Inc. 12-12 
Bridge Plaza S., Long Island City 1, 
N. Y. 

B 


Ekco Products Co., Sta Brite Div., Byes- 
ae Ohio 


Electro-Rack Inc. 11501 Jefferson Blvd., 
ne City, Calif. 


Embro Mfg. Co., P. O. Box 407, Canton 
5, Ohio 


Erdle Perforating Co., 
chester 11, N. Y. 


171 York St., Ro- 


Fairmount Wire Products Inc., 604 E. 
+ teens Fairmount, Ind. 


Fairbanks, Morse & Co., 3601 Kansas Ave., 
aes City, Kans. 


om Co., P. O. Box 118, Passaic, 


N. J. 

A, B, C, D 

Fanner Mfg. Co., Brookside Park, Cleve- 
land 9, Ohio 
A; B, C, D 

P. Feiner & Sons Inc., 522 W. 45th St. 
New York 36, N. Y. 
A, B, C 

Peter Forg Mfg. Co., 50 Park St., Somer- 
ville 43, Mass. 


° 


1961 Edition 


Forman Family Inc., 185 Broadway, Brook- 
lyn 11, N. Y. 
A 


Gateway Engineering Co., 2003 Lovegrove 
St., Baltimore 18, Md. 


A 
Globe Tool & Die Mfg. Co. Inc., 833 Main 
St., Southbridge, Mass. 
A, B 
n-Mackwirth Co., 
Buffalo 12, N. Y. 


A, B, C 
I. Golden Corp., 1054 38th St., Brooklyn 
19, N. Y. 


A, C 
Greenline Metal Products Co., 493 Wheat- 
field St., North Tonawanda, N. Y. 
Cc 


A, 
Gopher Stamp & Die Co., 78 Chicago 
Ave., St. Paul, Minn. 


A 
Hahn & Clay, 5100 Clinton Drive, Hous- 
ton 20, Tex. 


Honan Mfg. P. O. Box 497, Dun- 
daff St., Carbondale Pa. 
A, B, ¢, D 

The Harrington & King Perforating Co., 
5655 Fillmore St., Chicago 44, Ill. 
A, B, C, D 

Hayes Industries Inc., Namco Div., Spen- 
cerville, Ohio 


A, C 

Hepworth Machine Co. Inc., 42-11 Ninth 
St., Long Island City 1, N. Y. 
Cc 


Hertzler & Zook Products, 36 Maple St., 
Belleville, Pa. 


A 

Hoff Sheet Metal Works Inc., 411 N. 
Eighth St., Richmond, Ind. 
A 


Hofley Mfg. Co., 22534 Groesbeck High- 
way, East Detroit, Mich. 
A, B, C, D 

Higgins Metal Products Co., 2000 Broad- 
way, Swanton, Ohio 


A, B, C, D 

Holbrook Merrill Co., 1150 Kifer Rd., 
P. O. Box 777, Sunnyvale, Calif. 
A, B, C, D 

Houston B'ow Pipe & Sheet, Metal Works, 
P. y Box a Houston 1, Tex. 
A, B, C, D 

Industrial Engineering Works Inc., 67 
Bloomsbury St., P. O. Box 1961, Tren- 
ton 6, ~ J. 
A, B, ¢ — 

Industrial Metal Fabricating, 90 Newark 
Pomp‘ain Turnpike, Wayne, N. J. 
A, B, C 

Inland Steel Co., 30 W. Monroe St., Chi- 
cago 3, Ill. 


817 Sycamore, 


Irwin-Sensenich Corp., Box 311, Irwin, Pa. 
A, B, C, D 
Jones & Laughlin Steel Corp., 3 Gateway 
Center, Pittsburgh 30, Pa. 
A 


rs? es Corp., Fabricating Div., Napa, 
Calif. 
A, B, Cc, D 
Kennedy Van Saun Eng. & Mfg. Corp., 
Beaver St., Danville, Pa. 
Kenworth Mig. Co. 12300 W. Lisbon 
Ave., Milwaukee 16, Wis. 
A 


Kiechler Mfg. Co. Inc., 
Cincinnati, Ohio 
A 


1014 Wade St., 


Kuhl Mfg. Co., 2424 Davis St., San Lean- 
dro, Calif. 
A 


Lafayette Metal seine 
Kibbin St., Brooklyn 
A, B, Cc 


Co., ses Mc- 


Larson Tool & Stamping Co., Olive St., 
re) ee 

Laubenstein Mfg. Co., 422 S. Third St., 
Ashland, Pa. 
A, B, C, D 

Leonard’s Metal Forming Co., 2310 W. 
yg 3 St., St. Charles, Mo. 


Late Welding Co. Inc., 11241 W. Mel- 
rose St. Franklin Park, Ill. 


Link Belt Co., Dept. 61-MDFM, 300 W. 
Pershing Rd., Chicago 9, Iil. 
A, B, C, D 

Manganese Steel Forge Co., Richmond St. 
& Castor Ave., Station E, Philadelphia 
Pa. 


(See Ad, Page 190) 


Master Mfg. Co., 119 Main St., P. O. Box 
th Sioux City 2, Iowa 


Metal Fabricators Inc., Box 3232, Char- 
lotte 3, N. C. 
A, B, C, D 

Mid-West Wire Specialties Co. Inc., 2739- 
:" N. Pulaski Rd., Chicago, IIl. 


A. G. Miller Co., Batavia St., Springfield 
4, Mass. 
A 


Nashville Wire Products Mfg. Co. Inc., 
a O. Box 491, Nashville 2, Tenn. 

National Standard Co., Cross Perforated 
Metals Plant, P. O. Drawer 507, Car- 
bondale, Pa. 
A, B, C, D 

Northern Engraving & Mfg. Co., Fourth & 
Vine Sts., LaCrosse, Wis. 
A, B, C 

Pittsburgh Steel Co., 
eee 30, Pa. 


1600 Grant Bldg., 


Production Metal Products Inc., 421 N. 
 wnnees St., Chicago 22, Ill. 


Richter Metalcraft Corp., Box 147, Mt. 
b eae N. Y. 


Rochester ya Works, 485 Hague St., 
— 6, N. Y. 


Rotary Co. denis 1746 Dale Rd., Buffalo 
25, N. Y 
A, C 

Screen Products Inc., E. Passaic Ave., 
P. O. Box 430, Caldwell, N. J. 
A, B, C 

Shore-Calnevar Inc., 7701 E. Compton, 
eg meme Calif. 


The Stanley Works, 195 Lake St., New 
| wae Conn. 


Star Stamping Co., 1304 M-139, Benton 
Harbor, Mich. 
A, B, 

Sterling Mfg. Co. Inc., 1134 Fairview 
ag Box 1798), Wichita 1, Kans. 


Suckle Electronics Co., 22nd & Hayes Ave., 
“oo 5, N. J. 


Superior Tube Co., P. O. Drawer 191, 


Norristown, Pa. 


Templet Mfg. Corp., 701 Atkins Ave., 
Brooklyn 8, N. Y. 
A, C 


Thompson Pipe & Steel Co., P. O. Box 
|e. Denver |, Colo. 
A, 





Thompson Wire Co., 41 Mildred Ave., 
Boston 26, Mass. 
A 


The Toledo Pressed Steel Co., 397 Phil- 
lips Ave., Toledo 12, Ohio 
A 
Tube Co. Inc., W. North St., 
Minn. 


Owatonna, 


A 
U. S. Steel Corp., American Bridge Div., 
Ambridge Plant, Ambridge, Pa. 


A, B, C 
U. S. Stove Co., Cedar Ave., South Pitts- 


pure, Tenn. 


United Structural Steel Co., 
, Worcester 5, Mass. 


A 
L. D. Van Valkenburg Co., 
Mass. 


182 Prescott 
Holyoke, 


A 

Western Way Mfg. Co., 16018 Roscoe 
Blvd., Van Nuys, Calif. 
A, B, C, 

Yuba-Bedford Corp., Subsidiary Yuba Con- 
— Industries Inc., Bedford, Ind. 


Drawn Parts 


Acme Eyelet & Stampi Co., 1208 S. 
Eighth Ave., Maywood, Ill. 
A, B, C 

Acme Metal Spinning Inc., 98 43rd . 
N.E., Minneapolis 21, Minn. 
A, B,C, D 

Acorn Sheet Metal Mfg. Co. Inc., 4605 
W. 21st St., Chicago 50, Ill. 
A 

Admiral Tool & Mfg. Co., 3700 N. Tal- 
man Ave., Chicago 18, Ill. 

Advance Stamping Co., Brighton Div., $15 
Second St., Brighton, ” Mich. 
A, C 

Advance Transformer Co., 2950 N. West- 
ern Ave., Chicago 18, Ill. 
A 


Air Brake Div., Westinghouse Air Brake 
Co., Wilmerding, Pa. 
A, B, C 

Allen Iron & Steel Co., P. O. Box 550, 
Norristown, Pa. 


Alloy Products Corp., 1045 Perkins Ave., 
Waukesha, Wis. 
Cc 


Alofs Mfg. Co., 345 32nd St. S.W., Grand 
Rapids 8, Mich. 
A, B, C, D 

Alto Mfg. Co., 
Chicago 13, Ill. 
A, C 


1647 W. Wolfram St., 


American Aluminum Co., 230 Sheffield 
St., Mountainside, N. J. 
A 

American Brass Co., 
Div., 23 Crane St., 
A, C 

American Metalcraft Co., Waterville, Ohio 


American Radiator & Standard Sanitary 
Corp., Youngstown Kitchens Div., 605 
S. Ellsworth Ave., Salem, Ohio 
A 


Fabr. Metal Goods 
Waterbury, Conn. 


American Steel Treating Co., P. O. Box 
005, Crystal Lake, III. 
A, B 

Amesbury Metal Products Co., 39 Oak- 
land St., Amesbury, Mass. 
A, B, C 

AnAAx Mfg. Co., 206 Fulton Ave., Wheel- 
ing, W. Va. 
A, B, C 


[84 


a Co., 157-63 13th St. Brooklyn 


Argus Mfg. Co., 1134 N. Kilbourn Ave., 
me Sl, il. 


po Steel Corp., Sheffield Steel Div., 
P. O. Box 3129, Industrial Rd., Hous- 
ton 1, Tex. 

A 


Art Stamping Inc., 1738 Townsend St., 
Cincinnati 23, Ohio 


B 

Ataco Steel Products Co., 
Ave., Grafton, Wis. 
A, B 

Atco Sah 3825 S. Racine Ave., Chicago 
9, Ill. 


A 

Atlas Metal Parts Co., 3232 N. 3lst St., 
Milwaukee 16, Wis 
A 


Aywon Wire & Metal Co., 22-36 Caton 
Place, Brooklyn 18, N. Y. 
B, C 


Bartlett-Thompson Co. Inc., 24 Water St., 
SCL Mass. 


Behring Metal Works Inc., 108-122 Ja- 
ings Meta 5, N. J. 


Co., Ashford Ave., 


1040 Ninth 


The Bellevue Mfg. 
Bellevue, Ohio 


A 

Berkshire Manufactured Products Inc., 625 
Lowell Si., West Peabody, Mass. 
A, B, C, D 

Better Formed Metals Inc., 177 Cherry 
St., Waterbury 4, Conn. 
A, B,C, D 

Bingham Stamping Div., The Bi 

Herbrand Corp., 1062 Post St., 

rs Ohio 


A 
The Binkley Co., Warrenton, Mo. 
B 


Blackman Stamping & Mfg. Co., 2730 
E. 37th St., Los Angeles 58, Calif. 
A, B, C, D 

Boehm Pressed Steel Co., 2219 W. 63rd 
St., Station A, Cleveland 2, Ohio 


A, C 
Bundy Tubing Co., 8109 E. Jefferson Ave., 
Detroit 14, Mich. 


A 
Butler Mfg. Co., 
Galesburg, Ill. 


A 
Carrick Products Co., 
Detroit 21, Mich. 


ham- 
oledo 


1020 S. Henderson, 


19939 Livernois, 


A 
Central Mfg. Inc., Parker, Ind. 
A 


Central Metal Products Inc., 615 Mathis 


St., Blytheville, Ark. 
A 


City Metal Spinning & Stamping Co. Inc., 
288 N. Eighth St., Brooklyn 11, N. Y. 
A, B, C 

Clark Grave Vault Co., 375 E. Fifth Ave., 
Columbus 1, Ohio 
A, B, C 

Cleveland Metal Stamping Co., 3110 
Payne Ave., Cleveland 14, Ohio 


Club Aluminum Products Co., 825 26th 
St., LaGrange Park, Ill. 
A 


Columbian Enameling & Stamping Co. 
Inc.. P. O. Box 30, Terre Haute, Ind. 
A, C 

Columbus Industries Inc., 2412 Pennsyl- 
vania Ave., Columbus, Ind. 

A, B, C,D 

The Commercial Shearing & Stamping 
Co., 1775 Logan Ave., Youngstewn I, 
Ohio 
A 


Compco Metal Products Co., 85 E. Hylda 
Ave., Youngstown 7, Ohio 


A, B, 
Co; id Steel Co., The Ohio Seamless 
= Div., 132- 140 W. Main St., Shelby, 
Ohio 


A 
Cumberland Case Co., 1 Wieh! St., P. O. 
Box 1446, Chattanooga 1, Tenn. 


A 

Dayton Rogers Mfg. Co., 2824 13th Ave. 
S., Minneapolis 7, Minn. 
A, B, C,D 

Dearborn Stamping Co., 
Ave., Dearborn 1, Mich. 
A 


10501 Haggerty 


., Perry & Gor- 


The Defiance rye oar oS 
ance, 0 


man Sts. P. O. Box 
A 


Detroit Stamping Co., 350 Midland Ave., 
Detroit 3, Mich. 
A, B, C,D 

Die-Matic Products Inc., 177-18 
Ave., Jamaica 33, N. Y. 


A, B, C 

D. K. Mfg. Co., 5059 S. Kedzie Ave., Chi- 
cago 32, Ill. 
Cc 


The Doo Val Tool & Mfg. Inc., 45 Elm 
St., Naugatuck, Conn. 
B 


i04th 


Dove Die & Stamping Co., 3009 E. 50th 
St., Cleveland 27, Ohio 


A, C 

Dura Steel Products Co., 
St., Los Angeles 58, Calif. 
A 


1774 E. 2lst 


Sam C. Earley Corp., Box 38, Station B, 
Toledo 6, Ohio 
A, B, C, D 

Eastern Steel Products Corp., 
pea N.C 


Eastern Tool & Mfg. Co., 
St., Belleville 9, N. J. 


A, C 

E. B. Metal Products Co. Inc., 12-12 
Bridge Plaza S., Long Island City 1, 
N. Y. 


B 
Eckmann Pressed Metal Co., P. O. Box 
487, Racine, Wis. 


A, B, C 

Eisen Metal Products Co., 
Lodi, N 
A, C 

Eisenhauer Mfg. Co., Center & Wall, 
Box 390, Van Wert, Ohio 
A, B, C, D 

Electro-Rack Inc., ams Jefferson Blvd., 
Culver City, Calif. 
A, B 


Rocky 


1 Montgomery 


175 Main St., 


Ellicott-Brandt Inc., 1700 Ridgeley St., 
Baltimore 30, 
A, B, C, D 

Elrae Pressed Metals Inc., 562-570 Syca- 
eo St., Buffalo 12, N. Y. 


Empire Spring Co., Abbe Rd., Elyria, 
Ohio 
A, B, C, D 
Eu Engineering Co. Inc., 
k Ave., Boston 36, Mass. 


A, B, C 
Evansville Sheet Metal Works, 509 N. 
Ninth Ave., Evansville 12, Ind. 
Cc 


1217 Hyde 


. '. 


Falls Stamping & Welding Co., 1701 
Front St., Cuyahoga Falls, Ohio 
A,B 

Falstrom Co., P. O. Box 118, Passaic, N. J. 

.C,D 

S. W. Farber Inc., 415 Bruckner Blvd., 
New York 54, N. Y. 
Cc 


Farwell Metal Fabricating, Div. of Far- 
well, Ozmun, Kirk & Co., 75 W. Fair- 
field Ave., St. Paul 7, Minn. 

A, B, C 


Macuine Desicn—Tue Ferrous Metats Boox 





REQUIRED SAFETY 
FACTORS in steering 
arm assured by 
designing it to be forged 


Typical steam forging hammer 


By designing with forgings, a truck manufacturer can count on the required 
safety factors, with minimum “beefing-up” of parts to offset unknown 
internal structures or ncn-homogenious materials, 

You, too, can achieve results like these by designing with forgings either at 
the start or on re-design. The benefits of forgings are equally impressive, 
whether you make home-workshop equipment or diesel engines. 

Forgings start as better metal ... are further improved by the hammer-blows 
or high pressure of the forging process. 


Write for literature on the design, specification, and procurement of forgings. 


Whew i ow wital pat, desiqn it to be (een 


Drop Forging Association * Cleveland 13, Ohio 


Nemes of sponsoring companies on request to this magazine 
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Fisher Industries Inc., 
Hind Mich. 


Ford Motor Co., Cleveland Stampi 
mg 7845 Northtield Rd., Bedtord, 
Jhio 


A 

Peter Forg Mfg. Co., 50 Park St., Som- 
erville 43, Mass. 
Cc, D 

Forgings & Stampings Inc., 
Rockford 2, Ill. 


1625 W. Maple Rd., 


1025 23rd 


Forman Family Inc. 185 Broadway, 


Brooklyn 11, N. Y. 
A 


Geuder, Paeschke & Frey Co., 324 N. 15th 
St., Milwaukee 1, Wis. 


A, B, C 
I, en Corp., 1054 38th St., 
9 


Grand Haven Stamped Products Co., 
Grand Haven, Mich. 


, 286 Third St., Cam- 


Brooklyn 


A 
Peter ay SS 
bridge 42, 
A, B, C, D 
Greenville Tubes Inc., Box 30, Greenville, 
a. 
Cc 
Hanson Bros., 8207 S. 
Whittier, Calif. 
A, 


Allport Ave. 


Hayes Industries Inc., Namco Div., Spen- 
cerville, Ohio 
A 


Higgins Metal Products Co., 2000 Broad- 
wey, oe Ohio 


D 
Hott ~~ Metal Works Inc., 411 N. 
~_— St., Richmond, Ind. 


Hofley Mfg. Co., 22534 Groesbeck High- 
way, East Detroit, Mich. 


A, B, C, D 
Houston Blow Pipe & Sheet, Metal Works, 
P. O. Box 1692, Houston l, Tex. 


A, B, C, D 

M. D. Hubbard Spring Co., 217 Central 
Ave., P. O. Box 651, Pontiac 12, Mich. 
A, B, C 

Hudson Tool & Die Co. Inc., 18 Malvern 
St., Newark 5, N. J. 

m... c,D 
ughes-Treitler Mfg. Corp. 1045 39th 
~ } eeess 19, N'Y. 


Fipdroforming Co. of America, 7400 W. 
ae Ave., Chicago, Ill. 
Cc 


Indiana Pressed Steel Co., P. O. Box 1232, 
Ind. 


Industrial Wire Products Corp., 2417 E. 
23rd St., Los Angeles 58, Calif. 

Inshield Die & Stamping Co., 1931 Man- 
hattan Blvd., Toledo 8, Ohio 
A, C 

 ~tmeen Corp., Box 311, 


a. 
A, B 
The Jeffrey Mfg. Co., 907 
lumbus 16, Ohio 
A, B 


Irwin, 
Fourth St., Co- 


Johnson Machine Works, N. Ilth St. 


Chariton, Iowa 


Jones Sheet Metal & Machine Works, 16th 
St. & Second Ave., Opelika, Ala. 
A 


Kickhaefer Mfg. Co., 901 S. Second St. 
Milwaukee 4, Wis. 
A, B, C 

Kiechler Mfg. Co. Inc., 
Cincinnati, Ohio 


1014 Wade St., 
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King Stove & Range Co., Sheffield, Ala. 
A 


A. J. Knott Tool & Mfg. Co., 6 Front St., 
Milford, Mass. 
A, C, Cc, D 

Krause Stamping & 
- Triadelphia, W. 


mw Sie: Metal Spinning Co., 248 McKib- 
bin St., Brooklyn 6, N. Y. 


Ewe P. O. Box 


A, B Cc 

LaGanke and Sons Stamping Co., 864 
E. 140th St., Collinwood Station, Cleve- 
res 10, Ohio 


A, 
Lakewood Metal Products Inc., 39 Cherry 
Ave., Waterbury 20, Conn. 


A 
Larson Tool & Stamping Co., Olive St., 
Attleboro, Mass. 
A, B, Cc, D 
Latrobe Steel Co., 2626 Ligonier Si., La- 
trobe, Pa 
c,D 
Leake Stampi 
ucts Co. | 
Mich. 
A 


Leichner Mfg. Co., 1510 N. Neil St., 
Champaign, Ill. 
B, C 


Leonard’s Metal Forming Co., 2310 W. 
ae &: St. ~ Charles, Mo. 


Leslie Welding Co. Inc., 11241 W. Mel- 
rose St., Franklin Park, 


Div. of Monarch Prod- 
E. First St., Monroe, 


Lisk-Savory Corp., 243 Gorham St., Ca- 
nandaigua, N. Y. 


A 
Lukens Steel Co., 453 Services Bldg., 
AR CD Pa. 


Aluminum 


Mente .. rhe Bu 
ooster, Ohio 


770 Spruce St., 


A, C 

May & Scofield, 621 S. Dearborn, How- 
ell, Mich. 
A, B,C 

McDowell Mfg. Co., Stanton Ave., Pitts- 
— 9, Pa. 


McIntosh Stamping Corp., 13881 Elmira 
Ave., Strathmoor Station, Detroit 27, 

ich. 

The McKay Co., 850 Grantley Rd., York, 
Pa. 

A 

Malleable Iron Range Co., 715 N. Spring 
St., Beaver Dam, Wis. 

Meldrum Mfg. Engineerin 
Cleveland Ave., St. Paul 4 
A, C 

Melrath Metal Stamping Corp., Red Hill, 
P 


a. 
A, B, C, D 
Mercury Clutch Div., Automatic Steel 
Products Inc., 1201 Camden Ave. S. W., 
cara 6, Ohio 


Co., 473 
» Minn. 


Mercury Minnesota Inc., 901 Hulet Ave., 
eons Minn. 


Metal Specialty Co., Este Ave. & B & O 
RR., Cincinnati 32, Ohio 
A, C 

The Metalite Mfg. Co., 924 Thompson 
Ave, a l, Calif. 

Midwest Stampi . Se. Napoleon 
AT wanting . 

anhalt 


. Co., 1601 Ballman Rd., Fort 
— Ark. 


W. Morris Co., 417-29 Lake Ave., 
Racine, Wis. 


D 
id Steel Products Corp., Ellsworth, 
—_ 


A, B, C 
M&W Mfg. Co. 
Rd., Warren, Mich. 


New England Pressed Steel Co., Wash- 
ington Ave., P. O. Box 29, Natick, Mass. 


Cc 
Naw Standard Corp., Mount Joy, Pa. 
B, 


A, B, C 
Northern Engraving & Mfg. Co., Fourth & 
Vine Sts., LaCrosse, Wis. 


A, B, C 
Northwest Metal Products Inc., 
Wash. 


13701 E. Nine Mile 


Kent, 


A 
Papec Machine Co., 10 Main St., Shorts- 


ville, N. Y. 


A 
Pax Products Inc., !90 Water St., 
1, N. Y 


Penn Metal Co. Inc., P. O. Box 1460, 
Parkersburg, W. Va. 


A 
a Wire Rope Corp., 905 First 
, Williamsport, Pa. 


> 

Peterson Products by 
Rd., Schiller Park, Ill. 
A,B,C 

Phoenix Steel Corp., Structural & Tube 
Div., 121 Bridge St., Phoenixville, Pa. 


A, B,C, D 
Pittsburgh Tube Co., 1817 Penna Ave., 
— Pa. 


Pix aN. Co., Div. Phelips 
Pharm. Corp., 75 Hudson Pst, 
* N. J. 


Pl ania Stamping Co., 315 W. Ann Ar- 
co Rd., Plymouth, Mich. 


A, B, CG D 
Polar Ware Co., Lake Shore Rd., P. O. 
ree. Sheboygan, Wis. 


Brook- 


, 4848 N. River 


Elect. & 
Newark 


Powell Pressed Steel Co., Erie St., Hub- 
bard, Ohio 
A, B, C 
Premier Metal Works, 1616 S. Clinton 
St., Chicago 16, Ill. 
A, B, C 


Product 
: First 


ineering & Mfg. Co. Inc., 434 
tchita, Kans. 


P & W Tool & Die Co., 3751 Mont- 
gomery Rd., Cincinnati 12, Ohio 
A, ¢ 


Ray, Daisley Co. Inc., 535 W. Hoffman 
Ave., Lindenhurst, N. Y. 
A, B, C, D 

—_ Corp., Red Lion, Pa. 


Reichert Float & Mfg. Co., 2242 Smead 
Ave., Toledo 6, Ohio 
m. B, C,D 
blic Steel Corp., Steel & Tubes Div., 
— 8, Ohio 


Revere Copper & Brass Inc., Clinton Mfg. 
Div., Clinton, Ill. 


Richter Metalcraft Corp, Box 147, Mt. 
Vernon, N. Y. 
A 


a Metal Products Corp., Auburn, Ind. 


te oe _ 485 Hague St., 
ee 6, N 


“ra Ename! & Mfg. Co., Belleville, Ill. 
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Schnacke Mfg. Corp., 1016 E. Columbia 
St., Evansville 7, Ind. 


> . 


The Seymour Products Co., 111 River St., 
— Conn. 


Shank Metal Products Co., 49 Day St. 
—— Norwalk, Conn. 


A, 
Shore-Calnevar Inc., 7701 E. Compton, 
Paramount, Calif. 


Simpson Co., 1470 Doolittle Drive, San 
— Calif. 


Southern Fabricating Co. Inc., 818 20th 
St. Sheffield, Ala. 


Spincraft Inc., 4122 W. State St., Mil- 
waukee 8, Wis. 


A, C 

Standard Portable Cord Co. Inc., 
St., Mayville, N. Y. 
A 


Valley 


The Stanley Works, 195 Lake St., New 
Britain, Conn. 
A 
Star Stamping Co., 1304 M-139, Benton 
— Mich. 


ory. Mfg. Co. Inc., 1134 Fairview 
(P. O. Box 1798), Wichita 1, Kans. 
A 


Stubuitz Greene Corp., Reynolds Spring 
Co. Div., 5300 E. Third St., Chester, Pa. 
A 

Suckle Electronics Co., 22nd & Hayes 

Ave., Camden 5, N. J 

A 
ior Tool & Die Corp., 1747 Flower 
t., Glendale 1, Calif. 

A, B, C, D 
Superior Tube Co., P. O. Drawer 191, 


Norristown, Pa. 


B, C 
Swepco Tube Corp., One Clifton Blvd., 
oe N. J. 


Technibilt Corp., 905 Air Way, Glen- 
dale 1, Calif. 
A 

Templet Mfg. Corp., 701 Atkins Ave., 
Brooklyn 8, N. Y. 

4 


Textile Shield Co., 
rence, Mass. 
A, B, C—, D 

Wm. Thomas & Sons, Slocum Ave., Ridge- 
field, N. J. 
A,B, C 

Thompson Ramo Wooldridge Inc., 1455 
E. 185th St., Cleveland 10, Ohio 


A 
The Toledo Pressed Steel Co., 397 Phil- 
lips Ave., Toledo 12, Ohio 


1 Groton St., Law- 


Toledo Stamping & Mfg. Co., 99 Fearing 
Blvd., P. O. Box 596, Toledo, Ohio 
A 

The Torrington Co., 59 Field St., Tor- 

= nn. 


(See Ad, Page 189) 


Transue & Williams Steel Forging Corp., 
Ne ay Div., Alliance, O 
A, B, C 


Trim Trends Inc., 25606 W. Seven Mile 
3 epreiae: 40, Mich. 


A, 

Tube ~ ng Corp., 520 Main Ave., 
Wallin nN. J. 

A, B, D 
" (See Ad, Page 192) 

Tubing Seal Cap Co., Div. of Voishan 
Industries, 808 W. Santa Anita Ave., 
San Gabriel, Calif. 

A, B, C, D 


1961 Edition 


The Turner & Seymour Mfg. Co., Law- 
ton St., Torrington, Conn. 
A B.C 

U. S. Stove Co., Cedar Ave., South Pitts- 
burg, Tenn. 


United Shoe Machinery Corp., Shelton 
re Shelton, Mass. 


Universal Tool Co. Inc., 33 Rose Place, 
r Cee 4, Mass. 


Vita Craft Corp. 11122 W. 58th St, 
Shawnee, Kans. 
A, B, C, D 

Vitreous Steel Products Co., P. O. Box 
% . Ind. 


The Vollrath Co., Foundry Div., 1236 
N. 18th St., Sheboygan. Wis. 
A, B, C 

The Waco Aircraft Co., } eters Rd., Troy, 
Ohio 
A, B, C 

W/aggoner Corp., 1400 Rochester Rd., 
} Mich. 


Wedge Protectors Inc., 3985 Jennings Rd., 
pee 9, Ohio 


West Bend Aluminum Co., Lock Box 278, 
bay Bend, Wis. 


A, 

Western Way Mfg. Co., 16018 Roscoe 
Blvd, Van 2 Nuys, Calif. 
A, B, C, D 

Westinghouse Electric Corp., Box 128, 
a Pa. 


The Weston Co. Inc., 85 E. Tenth St. 
New York 3, N. Y. 
A, C 


Westprest Inc., 521 N. Bivins St., Amarillo, 
ex. 
ABC - 
Wheeling Steel Corp., Martins Ferry Fac- 
tory, Martins Ferry, Ohio 


White Cap Co., 1819 N. Major Ave., 
ea 39, Il. 


Wilder Mfg. Co., P. O. Box 189, Niles, 
Ohio 


A 
Wilder Products Co., 2400 Columbus Ave., 
, Ce Ohio 


William-Wallace Co., Box 137, Belmont, 
Calif. 


A 
Will-O-Hill Industries Inc., 37611 Euclid 
ro. Willoughby, Ohio 


Winzeler Mfg. & Tool Co., 7355 W. Wil- 
son, ray 31, i. 

Wisconsin Metal Products Co., DeKoven 
° Phillips Aves., Racine, Wis. 


Worcester Pressed Steel Co., 100 Barber 
Ave., Worcester 6, Mass. 
A, B, C,D 

Wuest Bros., 934 W. Hill St., 
8, Ky. 


York Corrugating Co., Adams St. & West- 
- Md. Ry., York, Pa. 


Youngstown Metal Products Co., P. O. 
Box 900, Youngstown 1, Ohio 
A, B, C, D 


Louisville 


Rotary Swaged 
and Hammered Parts 


Anais Brake Shoe Co., Amforge Div., 
ret: epee Ave., Chicago 8, Ill. 


, ‘Mig. Co., 1134 N. Kilbourn Ave., 
hicago 51, il. 


pS Spring Corp., Bristol, Conn. 
A, B, C, D 
oc Wilcox Co., Barberton, Ohio 
Barrett & Gould, Pine St., Ext, Nashua, 
A, B,C 
Wire Rope Co., Gregg St., Lodi, 


B, C, D 
Bingham Herbrand ., Corner Stone & 
“ Sts., Fremont, Ohio 


A, 
Bundy Mary tery 8109 E. Jefferson Ave., 
a 14, 


Bundy Tubing Co., Box 312 Tamaqua, Pa. 
A 


Cai Dak Industries Inc., 2001 E. 23rd St., 
Little Rock, Ark 
A 


The Champion Steel Co., 30520 Lakeland 
ye Willowick, Ohio 


A, B, C, D 
Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 


A, B, C,D 
Crucible Steel Co. of America, Four Gate- 
he ay Pittsburgh 22, Pa. 


Curtiss-Wright Corp., Metals Processing 
Div., 770 Northland Ave., P. O. Box 13, 
Buffalo 15, N. Y. 


A, B, C,D 
E. B. Metal Products Co. Inc., 12-12 
a Plaza S., Long Island City 1, 


B 
Evansville Sheet Metal Works, 509 N. 
Ninth Ave., Evansville 12, Ind. 


A, B, C 

General Metals Co., 5701 S. Boyle Ave. 
Los Angeles 58, Calif. 
A, B, C, D 

Houston Blow Pipe & Sheet, Metal Works, 
P. O. Box 1692, Houston 1, Tex. 
— B, ~ D 

— &. 5301 W. Roosevelt Rd., 


ica , Il. 
age D’ 
a Steel Co., 2626 Ligonier St., La- 


trobe, Pa. 
CG D 

McWilliams — Co. Inc., Franklin Rd., 
ARCB 


A, B. 

Morweld Steel Products Corp., Ellsworth, 
Mich. 
A, B, C 

C. S. Norcross & Sons, Dean & Davis Sts., 
Bushnell, Ill. 


A 
Northwest Metal Products Inc., Kent, 
Wash. 


A 
Patch Wegner Co. Inc., 56 Howe St., 
Rutland, Vt. 


A 
Pennsylvania Wire Rope Corp., 905 First 
1. epee Pa. 


Pittsburgh Tube Co., 1817 Penna Ave., 
eran Pa. 


Rockwell neering Co., 13500 S. West- 
qm Ave Ave, Bf Island 43, Ill. 

aninal saa Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 
A, B, C, D 

Tube Co. Inc., W. North St., Owatonna, 
a. 





The Torrington Co., 59 Field St., Tor- 
rington, Conn. 
A, 

” (See Ad, Page 189) 

Tube Reducing Corp., 520 Main Ave., 
Wallington, & 
A, B, C, D 

(See Ad, Page 192) 

The Turner & Seymour Mfg. Co., Lawton 
St., Torrington, Conn. 
A, B, C 

United Tube Corp. of Ohio, 3860 E. 9lst 
St., Cleveland 5, Ohio 
A, B, C, D 

Van Huffel Tube Corp., Deitz Rd., War- 
ren, Ohio 
A 

Wheeling Steel Corp., Martins Ferry Fac- 
tory, Martins Ferry, Ohio 

205 Cottage St., 


Wire-O-Corp., Pough- 


keepsie, N. Y. 
A 


Wire-Formed Parts 


Acme Wire Products Corp., Box 249, Gar- 


dena, Calif 


Edward Alden Wire Products Inc., 4607 
St.. Aubin, Detroit 7, Mich. 
A, C 


American Coat Hanger Mf ialty Co., 
4310 W. Jefferson Blvd, te Angeles 
16, Calif 
D 

American Stee! & Wire Div., U. S. Steel 
Corp., Pockefeller Bldg., Cleveland 13, 
Ohio 
A, B, C 

American Tack Co. Inc., 
Suffern, N. Y 
A 


3-7 Cross St. 


ae Co., 157-63 13th St., Brooklyn 
.N 


\ A 
‘ e 
Argus Mfg. Co., 
Chicago 51, Ill. 
A 


1134 N. Kilbourn Ave., 


Art Wire & Stamping Co., 
Newark 2, N. J. 
A, B, C, D 

Associated Spring Corp., 
cific Div., P 


227 High St., 


Seaboard Pa- 
O. Box 231, Gardena, 


Associated Spring Corp., Bristol, Conn. 
A, B, C, D 

Associated Spring Corp. Gibson Div., 
P. O. Box 336, Mattoon, III. 
A, C 

Associated Spring Corp., Milwaukee Div., 
341 E. Erie, Milwaukee 2, Wis. 
A, B, C, 3 


Atco Corp., 
9, Ill. 
4 


25 S. Racine Ave., Chicago 


Atlas Wire Products Co. Inc., 8027 Paseo, 
Kansas City 30, Mo. 
A 


Aurora Electric Co. Inc., 87-21 12Ist St. 
i Hill 18, N. Y. 


Automatic Spring Coiling Co. 4045 W. 
Thorndale Ave., Chicago 46, III. 
A, B, C.D 

Automatic Steel Products Corp., 803 Tay- 
lor, ee Haven, Mich. 
A, B, C 

Aywon Wine & Metal Co., 22-36 Caton 
Place, Brooklyn 18, N. Y. 
A, B, C 
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Barber Mfg. Co., 1825 Brown St. Box 
846, Anderson, Ind. 


A 

William L. Barrett Co., 30 School St., 
Bristol, Conn. 
A, B, C, D 

Bethlehem Steel Co., Bethlehem, Pa. 


A 
B & J Tool Co. Inc., 161 S. Water St. 
oroD” N. Y 


Bretford Mfg. Inc., 3951 25th Ave., Schil- 
iY Park, Ill. 


Cal Dak Industries Inc., 2001 E. 23rd St. 
Little Rock, Ark. 


A 

Caldwell Culvert Co., Box 770, Jackson 
5, Miss. 
D 

California Spring Co. Inc., P. O. Box 
22014, Los Angeles 22, Calif. 
A, B, C, D 

Cambridge Wire Cloth Co. Inc., Cain- 
bridge, Md. 
A, B, C, D 

Campbell Chain Co., 215 N. Summer St., 
W. Burlington, lowa 

Capital Spring Co., 1124 N. Wood St. 
thicago 22, Ill. 
A 2. SC 

Carrick Products Co., 
Detroit 21, Mich. 
A 


19939 Livernois, 


ser Metal Mfg. Co., Bath, Pa. 


John Chattillon & Sons, x cls ed Div., 48 
Franklin St.. New York 
A, B, C, D 

Cleveland Metal Products Co., Washing- 
ton & Center Sts. Cleveland 13, Ohio 
A, C, D 

The Collis Co., Clinton, Iowa 
A, B 

Columbus Industries Inc., 2412 Pennsyl- 
en Ave., Columbus, Ind. 


The Compo Corp., 3220 W. Fond du Lac 
Ave., Milwaukee 10, Wis. 
A, B, C, D 

Consolidated Spring & Cop, 75-13 Cooper 
Ave., Glenda 
A, B, Cc, D 

Cook Specialty Co., N. Second St., Green 
Lane, Pa. 
A, B, C, D 

Cumberland Case Co., 1 Wiehl St., P. O. 
Box 1446, Chattanooga l, 
A 

The Cuyahoga Co., 3790 Ridge 
Rd., Cleveland 9, Ohio 
A, C, D 

Dickson Weatherproof Nail Co., Box 590, 
Evanston, IIl. 
A, B, C, D 

Die-Matic Products Inc., 
Ave., Jamaica 33, N. Y. 
A, B, C 

Sam C. Earley Corp., Box 38, Station B, 
_ 6, Ohio 


177-18 104th 


Eastern Tool & Mig. Co., 1 Montgomery 
St., Belleville 9, J. 
A, C 

Eastern Wire Products Co., N. Moodus 
Rd., Moodus, Conn. 
A, B, C 

Embro Mfg. Co., P. O. Box 407, Canton 
5, Ohio 
A 

Empire Spring Co., Abbe Rd., Elyria, Ohio 
A, D 


Fairmount Wire Products Inc, 604 E. 
Washington, Fairmount, Ind. 
A 


P. Feiner & Sons Inc., 522 W. 45th St., 
New York 36, N. Y. 
A, B, C 


Gagnier Fibre Products 
tal Ave., Oak Park 37, 
A, C 


Gardner-Clark Spring Co., 6833 Stanford 
Los Angeies 1, Calif. 


Gateway Engineering Co., 2003 Lovegrove 
~ Baltimore 18, Ma. 

Gilbert & Bennett Mfg. Co., Georgetown, 
Conn. 


10151 Capi- 


A 
Gordon & Morgan Machine Co., 3725 
Touzalin Ave., Lincoln 7, Nebr. 
A, B, D 
Harvey Spri Co., 671 N. Sanga- 
Chicago 2, il 


a ro 
A, B 

Higgins Shad Products Co., 2000 Broad- 
wey Swanton, Ohio 


Hindley Mig. Co., 9 Havens St., Cumber- 
land, R. 
A, B, 

Houston Blow Pipe & Sheet, Metal Works, 
P. O. Box | Houston 1, Tex. 
A, B, C 

M. D. Hubbard Spring Co., 217 Central 
Ave., P. O. Box 651, Pontiac 12, Mich. 
A, B, C 

Huebel . Co. Inc, 761 Lexington 
Ave., Kenilworth, N. J. 
A, B, C, D 

Independent Nail & Packing Co., 106 
ne. St., Bridgewater, Mass. 


Industrial Metal Fabricating, 90 Newark 
‘eee Turnpike, Wayne, N. J. 


Industrial Wire Products op 2417 E. 
23rd St., Los Angeles 58, if. 
A 


Kenworth Mig. Co., 12300 W. Libson 
Ave., Milwaukee 16, Wis. 
A 


a Stove & Range Co., Sheffield, Ala. 


LaGenke and Sons Stamping Co 
E. 140th St., Collinwood Station, an 
=. 10, Ohio 


A, 

Lee-Rowan Co., 6301 Etzel Ave., St. Louis 
14, Mo 
A 


Lisk-Savory Corp., 243 Gorham St. Ca- 
nandaigua, N. Y. 


Manganese Steel Forge Co., Richmond St. 
& Castor Ave., Station E, Philadelphia 
"7 Pa. 


(See Ad, Page 190) 
Marlboro Wire Goods Co., 406 Lincoln 
St., Marlboro, Mass. 


A, C 
bs McKay Co., 850 Grantley Rd., York, 


: B,C 
Meyers Spring Co., 500 Humphrey St., 
‘ee ‘ 


ewe ys Co., Mentone, Ind. 


Mid-West Wire Specialties Co. Inc., 2739- 
2741 N. Pulaski Rd., Chicago, Ill. 
A, B, C 

Miller & Van Winkle Co., P. O. Box 1339, 
Paterson * N. J. 


Mitchell Mfg. Co. 1601 Ballman Rd., 
a Smith, Ark. 


Macuine Desicn—Tue Ferrous Metars Boox 





Modern Metal Products, 726 Beacon St., 
oe 6, Ill. 
Myers Spring Co., 500 Humphrey St., 

Logansport, Ind. 


Nashville Wire Products Mfg. Co. Inc., 
P. O. Box 491, Nashville 2, Tenn. 


A 

National ame & Mfg. Co., Hodell Chain 
Div., 3924 os Ave. & Penn. R.R., 
eee 3, << 


Nixdorff-Krein Mfg., 916 Howard St., 
St. Louis 6, Mo. 
A 


ey Pin Ticket Co. ae .. 738 E. 136th 
, New York 54, N. 
x 'B, c,D 
Northwest Metal Products Inc., Kent, 
Wash. 


A 
oy. Spring Co., Kendallville Div., 
. Box 147, Kendallville, Ind. 


Ohio Wire Products Co., 1025 E. Fifth 
Ave., Columbus 3, Ohio 


A 
Ort Mfg. Inc., 101 Newark Way, Maple- 
wood, N. J. 


A, B, C 

Paragon Spring Co., 4617 W. Fulton St., 
wut 44, Ill. 
A, B, C, D 

Paulsen- Webber Cordage Corp., 880 S. 
ro St., Sunbury, Pa. 


~~ Wire Rope Corp., 905 First 
, Williamsport, Pa. 


oe 

Pittsburgh Steel Co., 1600 Grant Bldg., 
Pittsburgh 30, Pa. 
A 


Pix Mfg. Co., Div. Phelips Elect. & 
Pharm. Corp., 75 Hudson St., Newark 
J. 


y J 


A 

Plymouth Stamping Co, 315 W. Ann Ar- 
bor Rd., Plymouth, Mich. 
A 


Powers Wire Products Co. Inc., 540 S. 
ied Pass Rd., Monterey Park, 
alif. 


Precision Coil Spring 
St., El Monte, Calif. 
A, B, C, D 

Production Metal Products Inc., 421 N. 
Sangamon St., Chicago 22, Il. 


A 
Quality Spring Products Inc., 355 Jay St., 
Coldwater, Mich. 


Co., 1213 W. Rose 


A, C 
Reynolds Industries Co., Vincennes, Ind. 


A 
Rochester Novelty Works, 485 Hague St., 
Rochester 6, N. Y. 


A 

Rockwell-Standard Corp., Spring Div., 
Sixth & Miami Ave., Logansport, Ind. 
A, B, C, D 

St. Regis Paper Co., Bates Wire Tie Div., 
E. 75th St., Cleveland 4, Ohio 


Screen Products Inc., E. Passaic Ave., 
P. O. Box 430, Caldwell, N. J. 
A, B, C 

The Seymour Products Co., 111 River St., 
—_— Conn. 


Sherman Steel & Wire Co., P. O. Box 
821, Sherman, Tex. 


A 
Shore-Calnevar Inc., 7701 E. Compton, 
Paramount, Calif. 


A 
Sobel Metal Products Co. Inc., 1240 
Spruce St., Easton, Pa. 


A, B, C 
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are small 
precision metal parts 
ruining your 
appetite? 


Do you look at the Chef’s Special and see only small precision 
metal parts? Does your caviar taste like old production orders? 
What you’re suffering from is small component indigestion . . . 
and Torrington is the specialist to cure it. 

Manufacturing special metal parts is a full-scale business with 
us. We’re geared to turn out whatever you need with the preci- 
sion, finish, temper and hardness you need . . . turn it out at high 
speed at a cost surprisingly lower. We have the specialized skill 
and engineering experience to handle the job from start to finish. 

If you need special parts in large quantities, don’t decide any- 
thing until you’ve called us. Better still, send us a blueprint of 
the part you want. Our estimate will be prompt and accurate. 


progress through precision SPECIAL METAL PARTS 
THE TORRINGTON COMPANY Torrington, Connecticut 
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WEAR PARTS FOR 
EXTRA HEAVY 
SERVICE 


ROL-MAN 11.00% to 14.00% Rolled and 
Forged Manganese Steel is the steel which, 
for over 40 years, has been solving the 
most severe wear problems in the quarry- 
ing, mining, railroading, iron and steel 
manufacturing, and allied heavy industries. 
The Manganese Steel Forge Company has, 
for this period of time, devoted itself ex- 
clusively to developing special methods 
for the economical production of wear 
parts from this material, as well as pio- 
neering the application of ROL-MAN in 
countless uses 


ROL-MAN, being non-magnetic, is ideal for 
applications where this characteristic, 
combined with toughness and strength, 
is required 


On metal-to-metal contact ROL-MAN devel- 
ops an extremely hard and highly polished 
surface in use; thereby decreasing the 
coefficient of friction as well as combat- 
ting wear. 


A few typical applications where the use 
of ROL-MAN, because of the above men- 
tioned properties, has proven superior 
are: 
Hopper and Chute liners 
Baling Press liners 
Screw Conveyor Flights 
Bucket Lips and Ore Trays 
Pins, Bushings, and Thrust Washers 
Wear Strips for Conveyor Chain 
Wear Strips for Tube Mill Draw 
Benches 
Foundry Shot Blast Cabinet liners 
Perforated Screens and Grizzly 
Decks 
Woven Wire screen 
Sheave Liners for Wire Rope 
Bolts 
Vibrating Feeder liners 
Locomotive Pedestal and Journal 
liners 


For chemical and physical properties, 
advertisement on poge 130 


see our 


@ 


THE WEAR-HARDENING STEEL 


MANGANESE STEEL FORGE CO. 


Richmond Street and Castor Avenue 
PHILADELPHIA 34, PA. 
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1 


Southern Fabricating Co. Inc., 818 20th 


St., Sheffield, Ala. 
A 


Standard Portable Cord Co. Inc., Valley 
St., Mayville, N. Y. 
~ 

Star Wire Screen & Iron Works Inc., 
Sunset Ave. & Valley Blvd., City of 
Industry, Calif. 
A, B, C, D 

Sterling Mfg. Co. Inc., 1134 Fairview 
(P. O. Box 1798), Wichita 1, Kans. 
A 


Stubuitz Greene Corp., Reynolds Spring 
Co. Div., 500 E. Third St., Chester, Pa. 
A 


S. G. Taylor Chain Co., 3 I4lst St. 
Box 509, Hammond, Ind. 


A 
Technibilt Corp., 905 Air Way, 
dale 1, Calif. 


an 
D. R. Templeman Co., 8 Park St., 


Glen- 
Plain- 


E. H. Titchener & Co., 67 Clinton St., 
Binghamton, N. Y. 
A, B, C, D 

Triad Metal Products Co., 14701 Indus- 
trial Parkway S. W., Cleveland 3, Ohio 
A, C 


Tri-State Engineering Co., P. O. Box 266, 
Washington, Pa. 


A 

The Turner & Seymorr Mfg. Co., Law 
ton St., Torrington, Conn. 
A, B, C 

United Spring Corp., 66-70 Wyckoff Ave. 
Brooklyn, N Y. 
A, B, C, D 

United Staple Co. Inc., 
Long Island City I, N. 


U. S. Stove Co., Cedar Ave., South Pitts- 
burg, Tenn. 
A 


+ Ol Fifth St., 


Universal Form Clamp Co., 1238-48 N. 
Kostner Ave., Chicago 51, Iil. 
A 


bes - Mfg. Co., 900 E. 95th St., Chicago 19, 

Ill. 
A 

Van Dresser Specialty Corp., 21400 Hoov- 
: Rd., Warren, Mich. 

Webster Spring Corp., 176 Johnson St., 
Brooklyn 1, N. Y. 
A, B, C, D 

Western Wire Products Co., 
18th St., St. Louis 4, Mo. 
A, C 

Wheeling Steel Corp., Martins Ferry Fac- 
tory, Martins Ferry, Ohio 
A 


1415-35 S. 


Wilder Mfg. Co., P. O. Box 189, Niles, 
Ohio 
A 


Wind Turbine Co., E. Market St. & Penn- 
sylvania RR, West Chester, Pa. 
A 


J. H. Winn Inc., 620 Washington St., 
Winchester, Mass. 
A 


Wire Belt Co. of America, 19 River St., 
Winchester, Mass. 
A,B 

Wire & Iron Products Inc., 1725 16th 
St., Detroit 16, Mich. 

>, . D 

Wire Products Co., 2715 N. 24th St., 
Box 5355, North Birmingham, Ala. 
A 

Woodworth Metal Fabricating Div. of 
es Industries Inc., Burlington, 


AB c 


Worcester Wire a Co. Inc., Ti- 
monium Rd. & Harrisburg Expressway, 
Timonium, Md. 

» Ma Ge 

G. F. Wright Steel & Wire Co., 243 
Stafford St., Worcester 3, Mass. 

A, B, C 

The Yost Superior Co., Box 718, Spring- 
field, Ohio 
A, B, C, D 


Extrusions 


ee Steel Co., Bethlehem, Pa. 


Chris Corp., Detroit Forge Plant, 6600 
‘ey Rd., Box 1457, Detroit 31, Mich. 
A, 


Curtiss-Wright Corp., Metals Processing 
Div., 770 ~~ Ave., P. O. Box 13, 
Buffalo 15, N. Y 
A, B, C, D 

Eisen Metal Products Co., 
oe N. J. 


175 Main St., 


General Metals Co., 5701 S. Boyle Ave., 
Los Angeles 58, Calif. 
J J D ‘ 
Janney Cylinder Co., 7401 
—_— 36, Pa. 
Cc 


State Rd., 


Ladish Co., 5481 S. Packard Ave., Cudahy, 
Wis. 
A, B, C, D 
Link Belt Co., Dept. 61-MDFM, 300 W. 
Pershing Rd., Chicago 9, Ill. 
, . D 
Morweld Steel Products Corp., Ellsworth, 
Mich. 
A, B 
Teneee Ramo Wooldridge Inc., 1455 
185th St., Cleveland 10, Ohio 
x B, C, D 
Tubular Products Div., The Babcock & 
Wilcox Co., Beaver Falls, Pa. 
A, B, C, D 
U. S. Pipe & Foundry Co., Steel & Tubes 
Div., Burlington, N. J. 
.D 
The Western Automatic Machine Screw 
Co., 377 Woodland Ave., Elyria, Ohio 
A 


Westinghouse Electric Corp. Box 128, 
Blairsville, Pa. 


Cold (Impact) 


ar aman Steel Co., Bethlehem, Pa. 

ee En "oor Co., 19001 Glendale, 
Detroit s Mich. 
A, B, C, 

once ae Detroit Forge Plant, 6600 
Lynch Rd., Box 1457, Detroit 31, Mich. 
A, B 

Cousino Metal Products Inc., Box 6624, 
W. Toledo Branch, Toledo 12, Ohio 
A, C 

Eisen Metal Products Co., 
Lodi, N. J. 
A 


Peter Forg Mfg. Co., 50 Park St., Somer- 
ville 43, Mass. 

Globe Tool & Die Mfg. 
Main St., Southbridge, 
A 


175 Main St., 


Co. Inc., 833 


Macuine Desicn—Tue Ferrous Metats Boox 





Kennedy Van Saun Eng. & Mfg. Corp., 
Beaver St., Danville, Pa. 
A, B, D 


Link Belt Co., Dept. 61-MDFM, 300 W. 
Pershing Rd., Chicago 9, Ill. 
A, B, C, D 

McIntosh Stamping Corp., 13881 Elmira 
Ave., Strathmoor Station, Detroit 27, 
Mich. 
A 

Melrath Metai Stamping Corp., Red Hill, 


Pa. 
A, B,C, D 
Metal Specialty Co., Este Ave. & B. & O. 
R.R., Cincinnati 32, Ohio 
A 


Modern Metal Products, 726 Beacon St., 
— 6, Til. 


mie Stamping Co., 315 W. Ann 
Arbor Rd., Plymouth, Mich. 
A, B, CG, D 

Quadriga Mfg. Co., 213 W. Grand Ave., 
Chicago 10, Ill. 

The Stuebing Automatic Machine Co., 
3424 Beekman St., Cincinnati 23, Ohio 
A 


Thompson Ramo Wooldridge Inc., 1455 
E. 185th St., Cleveland 10, Ohio 
A, B, C, D 

The Toledo Pressed Steel Co., 397 Phil- 
lips Ave., Toledo 12, Ohio 
A 


Toledo Stamping & Mfg. Co., 99 Fear- 
ing Blvd., P. O. Box 596, Toledo, Ohio 
A 


The Western Automatic Machine Screw 
Co., 377 Woodland Ave., Elyria, Ohio 
A 

Wico Metal Products, 23412 Sherwood, 
Warren, Mich. 

A 


J. H. Williams & Co., Drop ca Div., 
400 Vulcan St., Buffalo 7, N. 
B 


Worcester Pressed Steel Co., 100 Barber 
Ave., Worcester 6, Mass. 


| Forged Parts 


Aeromotor Div. of Nautec Corp., 2500 W. 
Roosevelt Rd., Chicago 8, Iil. 
A 


Air Brake Div., Westinghouse Air Brake 
Co., Wilmerding, Pa. 
A 


Ajax Forge Co., 1956 E. 48th St., Los 
Angeles 58, Calif. 
A, B, C.D 

Alco Products Inc., 30 Church St., New 
York, N. Y. 
A, B, C, D 

American Anchor & Chain Corp., Front 
St. P. O. Box 100, Fieldsboro, N. J. 
A 

American Brake Shoe Co., Railroad Prod- 
ucts Div., 2210 E. Abriendo, P. O. Box 
74, Pueblo, Colo. 
A 


American Brake Shoe Co., Amforge Div., 
2621 S. Hoyne Ave., Chicago 8, Ill. 
A, B, C, D 

American Steel Foundries, Prudential 
Plaza, Chicago 1, Ill. 
A 


American Steel Foundries, Hammond Div., 
420 Hoffman, Hammond, Ind. 
A, B 

The American Welding & Mfg. Co., 
Dietz Rd., Warren, Ohio 
A, B, C, D 

Armco Steel Corp., Butler, Pa. 
A 
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for 
CORROSIVE 
SERVICE 





MB Ue Me 
a 
mere —_ In many metals including... 
STAINLESS STEEL 
a MONEL ¢ NICHROME 
— PHOSPHOR BRONZE 
eo ALUMINUM 
BRASS © COPPER 


For many uses involving... 
FILTER CLOTH © SIEVES 
STRAINERS ¢ SCREENS 
BACKING CLOTH 

WIRE GUARDS 

BOLTING CLOTH 

SPACE CLOTH 

BASKETS 


TE 


lf you have a tough corrosion problem and need wire 
cloth or wire cloth parts, here’s a source of supply that 
knows the answers. We are proud of the quality of our 
cloth...accurate mesh count, close tolerance wire di- 
ameter, precision weaving...plus the know-how neces- 
sary to specify the proper alloy for your service conditions. 


Write or call us today if you have a problem 


NEWARK : . : . ‘ 
calling for anti-corrosive wire cloth or wire 


{° “ACCURACY cloth parts. Send for Bulletin F-C. 


ire Gloth 


COMPANY 


351 Verona Avenue * Newark 4, New Jersey 
Teletype: NK607 . Tel.: HUmboldt 3-7700 
Representatives in all principal industrial areas 
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Atlas Drop Forge Co., P. O. Box 1050, 
Lansing 4, Mich. 
A, B, C, D 

Bethlehem Steel Co., Bethlehem, Pa. 
A, B, C, D 

Billings | & Spencer Co., | Laurel St., Hart- 
ford 2 : 
A, B, ¢ 

Bingham Herbrand Corp., Corner Stone 
& Lake Sts., Fremont, Ohio 
A, B, C 

The Boston Metals Co., Baldt Anchor 
Chain & Forge Div., P. O. Box 350, 
Chester, i a. 
A, B, C, 


The ‘4 Titchener Corp., Cortland 
eo gg Div., 111 Port Watson St., Cort- 


land, 


A, B 

Buchanan Steel Products Corp., Buchanan, 
Mich. 
A, B 

Burke — Co., P. O. Box 514, Rochester 
2, N. 
A, B, t. D 

California Drop Forge Co., 1033 Alham- 
bra Ave., Los Angeles 12, Calif. 
A, B, C D 

Cann . Saul Steel Co., 
Sts., Royersford, Pa. 
A, B, Cc 

Canton Forge & Axle Works, 2025 Dueber 
Ave. S. W., Canton 6, Ohio 
A, B, C 

Cape Ann Anchor & Forge Co., Whitte- 
more St., Gloucester, Mass. 


Fourth & Spruce 


Ann Mass. 
B, C, 
The C. S. 
Box 117, 
A 
Champion 
E. 108th St., 
A, B, C, D 


Tool Co., Pigeon Cove, 
) 


Card Iron Works Co., P. O. 


Denver 1, Colo. 


Rivet Co., Harvard Ave. & 
Cleveland 5, Ohio 


Corp., Detroit Forge Plant, 6600 
Rd., Box 1457, Detroit 31, Mich. 


Gp Me Os, 305 Genesee 


Chrysler 
ynch 
A, B 
The E. D. 
St., Auburn, 
A, B, C 
Coates Steel Products Co., Greenville, Ill. 


A 
Columbus & Iron Co., 544 W. First 
Ave., Columbus 8, Ohio 


A, B,C, D 

Columbus Iron Works Co., 901 Front 
Ave., Columbus, Ga. 
A, B.C, D 

The Commercial Shearing & Stamping 
Co., 1775 Logan Ave., Youngstown lI, 


Composite Forgings Inc., 2300 W. Jeffer- 
son Ave., Detroit 16, Mich. 


A, B, C,D 
Conklin Forgi Co. Inc., 12660 West- 
roit 23, Mich. 


wood | 
A, B, 

onaaend Copper & Steel Industries 
Inc., Braeburn Alloy Steel Div., Brae- 
burn, Pa. 


A, B, D 


oe Steel Co., The Ohio Seamless 
| em Div., 132-140 W. Main St., Shelby, 
io 


A,B 
Cornell Fi 
cago 38, Ill. 
A, B,C, D 
Coulter Steel & Forge Co., 1494 67th St., 
Emeryville, Oakland 8, Calif. 
A, B,C, D 
Crompton & Knowles Corp., 93 Grand St., 
— 1, Mass. 


Co., 6666 W. 66th St., Chi- 


W. Pat Crow Inc., 200 Luxton, Fort 
Worth 4, Tex. 


A, B, C, D 





FOR TUBULAR PARTS WITH 
“IMPOSSIBLE” SHAPES, PROPERTIES 
OR OTHER CHARACTERISTICS— 


LT Ee LP 


ee ee ee 
> 


> 


ROCKRITE 


SPECIAL TUBE FORMING 


The “‘Rockrite’’ method of compression-forming gives 
you new design \atitude—helps to achieve hard-to-make 
tubular parts at over-all economies not previously pos- 
sible! Check your availabilities: special bore shapes 
(square, triangular and hexagonal); ribbed tubing; ta- 
pered (1.D., O.D. or both). All with savings in machining 
time and stock allowance—improved mechanical prop- 
erties and guaranteed to meet your standards! WRITE 
FOR DESCRIPTIVE BULLETIN SP-1. 


TER. 


ET 


VUBE REDUCING CORPORATION 


A SUBSIDIARY OF AMERICAN METAL PRODUCTS COMPANY 


Mail Address: P.O. Box 959, Passaic, N. J. 


520 Main Avenue, Wallington, N. J. 


1-269 
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Metals Processing 
orthland Ave., P. O. Box 13, 
Buffalo 15, N. Y. 
A, B, C,D 
DeKalb Forge Co., E. Pleasant St., 
Kalb, Il. 


A, B 

Dickson oy ene Nail Co., Box 590, 
Evanston, Ill. 
A, B, C, D 

Eastern Wire Products Co., N. 
_ Moodus, Conn. 


ter Steel Co. b Ctiage & Allegheny 
CS Allegheny Cou nty, Oakmont, Pa. 


niaer Steel Co., P. O. Box 478, Pitts- 
b 30, Pa. 


De- 


Moodus 


ing & Co., Inc., 1901 
icott, N. Y. 


1341 W. 


A, 
Endicott 
North St. 
se ak BCD Steel ot 
"S. .. 180, Erie 1, Pa. 
Evesletor Steel Ball Co., P. O. Box 52, 
ed Rd., Buffalo 5. ™. Y. 


A, 
Ford Motor Co. (Canton Forge Plant), 
Transmission & is Div., P. O. Box 
— 1, Ohio 


Forgings & Stampings Inc., 1025 23rd Ave., 
— 2, Il. 


A, 
General Iron Works Co., P. O. Box 2490, 
S. Elati & Bates Sts., Denver 1, Colo. 


A, B 

General og ‘ a S. Boyle Ave., 
ABCD. 

General Metals Corp., P. O. Box 2496, 
Terminal Annex, Los Angeles 54, Calif. 


Covert hathway Signal Co., 801 West 
Ave., P. O. Box 600, Rochester 2, N. Y. 


A, B, C 
Hahn & Clay, 5100 Clinton Drive, Hous- 
wg Tex. 


A, 
The Harris-Thomas Drop Co., Sta- 
tion A, Box 36, Dayton 3, Ohio 
A, B, C 
tall Co., 4620 Hatfield St., 
burgh 1, Pa. 
A, B, C, D 
Machine Co. =. a Ninth 
Long Island City 1, 


16th 


Pitts- 


D. Hi & Sons Inc., 69 Manufacturers 
Place, Newark 5, N. J. 
A, B, C, D 

Huron Forge & Machine Co., 904! Al- 
pine Ave., Detroit 4, Mich. 
A, B, C 

Igoe Bros., Poinier St. & Ave. A, Newark 
5, N. J. 
A 

Illinois Forge Inc., 
Rock Falls, Ill. 
A, B 


Independent Nail & Packing Co., 
ee. St., Bridgewater, Mass. 


Indianapolis Drop Poniae Co., 1300 Madi- 
son Ave., Indianapolis 7, Ind 
A, B, C,D 


Industrial = WX. i Works Inc., 67 
EN. t., P. O. Box 1961, Trenton 


| ABC 





209 E. Fourth St., 


106 
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A,B, C.D PARTS BOOKLET 


Mita R = POWDERED METAL 
Interstate Drop Forge Co., 4051 N. 27th " 
SHOWS... 


St., Milwaukee 16, Wis. 
A, B, C, D 
Janney Cylinder Co., 7401 State Rd., Phila- 
delphia 36, Pa. 
Cc, D 


The Jeffrey Mfg. Co., 907 Fourth St. 
a; eee 16, Ohio 
A 


Jersey Forging Works, 803 Jersey Ave., 
Jersey City 2, N. J. 


Jernberg Forgings Co., 4105 S. Shields 
Ave., Chicago 9, Ill. 
B 


A, 
Johnson Machine Works, N. llth St., 


Chariton, lowa 
A 


Earle M. Jorgensen Co., Forge Div., 10650 
S. Alameda St., Los Angeles 54, Calif. 
A,B,C, D_ 
nepons Ene Co., Box 269, Northum- | @ the powdered metal process . . . what it is and does 
A, B, C, D colorful, newly revised « om limitations and advantages of the powdered 
Kropp Forge Co., 5301 W. Roosevelt Rd., eee presses 
ee ay Ill. 16-page booklet illus- 7 hows design DO’s and DON’T’s for powdered 
» &, metal parts 


Frank Kunkel & Son Inc., 18 Wolcott St., trates and describes: © provides physical characteristics chart of standard 


Boston 36, Mass. i 
ABCD Remet materials 


Ladish Co., Ladish Pacific Div., 3321 E. 


tee ee ft Send for your copy of this helpful booklet today! 


Ladish Co., 5481 S. Packard Ave., Cudahy, | 


® plus specific application stories 


Gears * Pinions * Cams * Ratchets 
“Oilless” Bearings * Bushings * Mo- 
chine and Structural Parts in 
COPPER * BRASS * IRON * ALLOY 
STEEL * NICKEL SILVER * COPPER 
INFILTRATED IRON 


Wis. 
A, B, C, D 
Lansing Drop Forge Co., P. O. Box 508, 
anne 2, Mich. SE METAL PRODUCTS CORPORATION 


Chaz. E. Larson & Sons Inc., 2645-55 N. 537 Howerd Ave., Lancaster 11, Penna. 
Keeler Ave., Chicago 39, Ill. Circle M-39 on Page 97 





LaSalle is Co., 1405 E. Academy, De- 
troit 20, Mich. 
A, B, C, D ’ 
Latrobe Steel Co., 2626 Ligonier St. La- | WHEN HIGH RPM’S, CLOSE FITS, DEMAND FERROUS PARTS - 


trobe, Pa. 
c,D 


a 
Manganese Steel Forge Co., Richmond St. ; b ca se 
& Castor Ave., Station E, Philadelphia 4 consider J FF. 7 ae 
34, Pa. 
D . . 
(See Ad, Page 190) * -the sulphur case /ubrication process 
Marlboro Wire Goods Co., 406 Lincoln 

St., Marlboro, Mass. 

A, C : ; 
McWilliams Forge Co. Inc., Franklin Rd., | —imparting a load bearing, long 

Rockaway, N. J. wearing lubricating case to cast 


Midvale-Heppenstall Co., Nicetown, Phila- iron and steel ports for use in slid 
delphia 40, Pa. ing, rotating or reciprocating mo- 
A, B, C,D tions, even under heavy loads, 


(See Ad, Page 173) : 
Milwaukee Forge & Machine Co., 1532 E elevated temperatures, high speeds and close tolerances. 
Oklahoma Ave., Milwaukee 7, Wis. Economically produces in castable and machineable, low cost 


A, B ferrous metals attributes equal to higher cost ferrous alloys and 


bi Fg tee BT yy ‘olin non-ferrous bearing materials. Get the details on Lubri-Case— 
A,B 


Modern Metal Products, 726 Beacon St., 
Rockford 6, Il | HEAT TREATING 
Moore Drop Forging Co., Depot St., Chi- V D 1 Vi Ss ! ° be 
copee, Mass. 


A, B,C, D COMPANY 


Moore Drop Forging Co., 38 Walter St., 


Springfield 7, Mass. 
AR Gwe In Suburban Philadelphia 


Mount Clemens Metal Products Co., 145 Red Lion Rd. at Philmont Ave 
S. Rose St., P. O. Box 205, Mount Phone: Wilson 7-3400 BETHAYRES, PA. 


Clemens, Mich. 


1961 Edition Circle M-40 on Page 97 





Do YOU 
helong to 
a Cult? 


* 
* * 


Said design engineers, “Please prepare us 
A handbook on metals all ferrous ..... 
We belong to a cult 

That yearns to consult 

A handbook that nothing's so rare as!” 


If you are on MACHINE DESIGN’s 
circulation list, you will become a 
member of this cult automatically: 
You will receive your personal copy 


FERROUS HAND- 
right of qualification. 


of the new 
BOOK by 

True enough, it is a rare publica- 
tion, but additional copies will be 


available at a nominal cost. 


The FERROUS HANDBOOK con- 
tains basic design data on all fer- 
rous metals, together with a direc- 
tory of ferrous metal suppliers. It 
the desk of every de- 


Sign engineer. 


belongs on 


ECTS 


A PENTON 
PUBLICATION 
CLEVELAND 13, OHIO 


Nixdorff-Krein Mfg., 916 Howard St., 


St. Louis 6, Mo. 


A 
age - Pin Ticket Co. Ye 738 E. 136th 
, New York 54, N. 


CG 4 Norcross & Sons, Dean & Davis Sts., 
Bushnell, Ill. 
B 


A, 
Nordberg Mfg. Co., 3073 S. Chase Ave., 
Milwaukee Wis. 


A, B 

Oil City Brass Works, 600 Crockett, 
P. O. Box 1790, Beaumont, Tex. 
A, B, C 

Omark Industries Inc. 9701 S. E. Mc- 
ee Bivd., Portland 22, Oreg. 


Owensboro Forging Co. Inc., Box 492, 
Owensboro, Ky. 


A, B 
Pioneer Steel Ball Inc., 37 Mill St., Union- 
ville, Conn. 
A, B, C 
Pittsburgh Forgings Co., 919 Amur St., 
Jackson, Mick. 
B 


A, 
| Pittsburgh Forgings Co., Box 307, Cora- 


opolis, Pa. 


A, B, C 
Pittsburgh Tube Co., 1817 Penna Ave., 
Monaca, Pa. 


Plymouth Stamping Co., 315 W. Ann 
Arbor Rd., Plymouth, Mich. 
A, B, C,D 

Porter F & Furnace Inc., 74 Foley St., 
Somerville 43, Mass. 
A, B 


The Queen City Forging Co., 235 Tenny- 
son c. Cincinnati 26, Ohio 
A, B, C 

Rankin Forge Co., Fifth & Hawkins Aves. 
Rankin, Pa. 
A, B, C 

Rockwell Engineering Co., 13500 S. West- 
ern Ave., Blue Island 43, IIl. 
A, B, Cc, D 

Rockwell-Standard Corp., Detroit Le 
Div., 105 Clark Ave., Detroit 32, Mich. 
A, B 


Southern Fabricating Co. Inc., 818 20th 
St., Sheffield, Ala. 
A 

Standard Steel Works Div., The Baldwin- 
Lima-Hamilton Corp., Burnham, Pa. 

The ——y. Works, 


Britain, Conn. 


195 Lake St., New 


Steel Improvement & Fo Co., 970 E. 
64th St., Cleveland 3, Ohio 
A, B, C, D 
Steel Improvement & Forge Co., Champion 
= tae Div., 3685 E. 78th St., Cleveland 
io 


A, B, C, D 

Stoddard Quirk Mfg. Co., 
Ave., Cudahy, Wis. 
A, C 

S. G. Taylor Chain Co., 3 14lst St., Box 
ee Ind. 


3383 E. Layton 


n Ramo Wooldridge Inc., 1455 


Thompso 
Cleveland 10, Ohio 


E. 185th St., 
A, B, C, D 

The Torrin: 

rington, Conn. 
A, B, C 
(See Ad, Page 189) 

Transue & Williams Steel Forging Corp., 
Corner Ely & Rockhill, Alliance, Ohio 
A, B, C, D 

Transue & Williams Steel Forging Corp., 
Forging Div., Alliance, Ohio 
A, B, C, D 


mn Co., 59 Field St., Tor- 


‘orgings of America Inc., Foot of 
. Gibbs St., Portland 1, Oreg. 


.. Div. of Voishan 
. Santa Anita Ave., 


The Turner & Seymour Mfg. Co., Law- 


ton St., he caeee Conn. 


Unit Drop F , Div. of Eaton Mfg. Co., 
P. s Box 90, Milwaukee 14, Wis. 


A, B 
U. S. Steel Corp., American Bridge Div., 
Ambridge Plant, Ambridge, Pa. 


A, 
U. S. Steel Corp. 525 William Penn 
Place, oe 30, Pa 


B, 
Universal Form Clamp Co., 1238-48 N. 
Saree Ave., Chicago 51, Ill. 


Vanadium-Alloys Steel Co. P. O. Box 
i. Latrobe, Pa. 


Woodworth Metal Fabricati Div. of 
Shelburne Industries Inc., yp Sy 


Vt. 
A, B, C 
Wyman-Gordon Co., 
A noD 1, Mass. 
A, B, C.D 
(See Ad, Page 181) 


105 Madison St., 


High Energy-Rate 
Formed Parts 


Associated Spring Corp., Bristol, Conn. 
A, B, C, D 


Columbus Industries Inc., 2412 Pennsyl- 


_— Ave., Columbus, 
Hanson ~~ 8207 S. Allport Ave., Whit- 


A. B,C, D 
Harvey & Mfg. > 671 N. San- 
gn Se Ean 


A, B. 
Ladish &. P81 S. Packard Ave., Cudahy, 
Wis. 


A, B,C, D 
Westinghouse Electric Corp., Box 128, 
Blairsville, Pa. 


Other 


American Steel Foundries, Hammond 
Div., 420 Hoffman, Hammond, Ind. 
Hot formed helical springs—A, B 

Wire Rope Co., Gregg St., Lodi, 


Machined parts—B, C, D 
Steel cable—A, B, C, D 

Cambridge Wire Cloth Co. Inc., Cam- 
bridge, Md. 
Woven wire parts—A, B, C, D 

General Metals Corp., P. O. Box 2496, 
Terminal ney Los Angaies ¥ 3 a 


Extrusion press 
oy ry ke & for ae: ae Chain 
“a yo "& Penn. R.R., 


National Standard Co., 601 N. Eighth 
St., Niles, Mich. 

Drawing and rolling wire, A, B, C, D 
(See Ad, Pages 169, 170 and 171) 
Reese Metal Products Corp., 537 Howard 

Ave., Lancaster, Pa. i 
Powder metal ts—A 
(See Page 193) 
Union Spring & . Co., Second Ave. & 
Eighth St., New Kensington, Pa. 
Hot forged springs—A, B, C 
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ANNOUNCING 


’s 1962 


BOOKS PROGRAM: 


THE HYDRAULICS-PNEUMATICS BOOK 
Power Components 


THE ELECTRIC CONTROLS BOOK 
Switches, Relays and Timers 


THE PLASTICS BOOK 
THE MECHANICAL DRIVES BOOK 


The four books to be published in 1962 will again 
cover subjects of vital interest to design engineers and 
will follow the same, easy-to-use and entirely reader- 
oriented style that was developed for the very first one. 
Each will have a Design Data Section devoted to sig- 
nificant selection and application information. 


The contents will be authored by experts in industry, 
in Universities and associations, and Macnuine Desicn 


editors. 


The second major section will consist of a Product 


Directory, developed through direct mail cooperation 
with manufacturers and producers to insure the latest 


and most complete listings possible. 


This entire series is designed to give you the most use- 
ful, the most complete and current reference informa- 
tion on important materials and components used in 
every-day design of products. These comprehensive 
reference manuals belong on the desk of every design 
engineer. Make sure these valuable books are coming 


to your department and are readily available. 


BASIC REFERENCE MANUALS FOR DESIGN ENGINEERS 


A Penton Publication, Cleveland 13, Ohio 
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||DESIGN 


Penton Building, Clevelond 13, Ohio 
Main 1-8260 


BUSINESS STAFF 


ROBERT L. HARTFORD 
Publisher 


RICHARD A. TEMPLETON 
Director, Reseorch & Promotion 


MARY L. CALLAHAN 
Advertising Service Manager 


BARBARA O'LEARY 
Reader Service Manager 


AMY LOMBARDO 
Circulation Manager 


ROBERT E. LESSING 
Production Manager 


District Offices 


New York 17 ..60 East 42nd St. 
RUSSELL H. SMITH, “JAMES A. STANGARONE 
Murray Mill 2-258) 


Simsbury, Conn. 17 Deerfield Lone 
ALAN C. BUGBEE, Oldfield 68-4764 


Rochester 18, N 175 Greenvale Drive 
GEORGE M 1S8iii, Hiliside 5-1771 


Dresher (Philode'phia), Pa. .. 1335 Horris Rd. 
CHANDLER ©. HENLEY, Mitcheli 6-2585 


Clevelond 13 Pentor Bidg. 
JACK W. WALTON, DON J. BILLINGS 
Main 11-8260 


Detroit 35 15800 West McNichols Rd. 
H. F. SMURTHWAITE, Broadway 3-8150 


Chicago 1! 520 North Michigan Ave. 
HOWARD H. DREYER, ROBERT Z. CHEW 
DONALD A. IVINS, CHARLES F. REINER 

Whiteholl 4-1234 


Los Angeles 36 5943 West Colgate Ave. 
F. J. FULLER, Webster 1.6865 


Los Angeles 5 ..730 South Western Ave. 
The Robert W. Wolker Co., Dunkirk 7-4388 


Son Francisco 4 , 57 Post St. 
Robert W. Wolker Co., Sutter 1-5568 


Ctrntaghes + 249 Lo Predo Place 
FRED j, ALLEN, Tremont 1-8596 


Cleorwoter, Fie 1954 Jeffords Dr. 
H. G ROWLAND, Dial 441-4121 


Dollies 35 525 Exchange Bonk Bidg. 
JAMES H. CASH, Fleetwood 1-4523 


London, $.W. 1 ....2 Caxton St., Westminster 


Published by 
THE PENTON PUBLISHING COMPANY 


GEORGE 0. HAYS , Chairman 
RUSSELL C. JAENKE . President 
FRANK G. STEINEBACH . .Vice Pres. & Secretory 
FRANK 0. RICE Vice President 
JOSEPH P. LIPKA Vice Pres. & Treasurer 
DAVID C. KIEFER Vice Pres.—Marketing 
IRWIN H. SUCH Vice Pres.—Editorial 
ROBERT L. HARTFORD Vice President 


Also Publisher of 
STEEL, FOUNDRY, NEW EQUIPMENT DIGEST, 
AUTOMATION 


MACHINE DESIGN is sent of no cost to mon- 
agement, design and engineering personne! 
whose work involves design engineering of mo- 
chines, applionces, electrical ond mechonicol 
equipment, in U. S$. ond Canadian companies 
employing 20 or more people. Copies are sent 
on the bosis of one for each group of tour or 
five readers. Consulting and industrial engi- 
neering firms, research institutions ond U. §. 
government installations, performing design en- 
gineering of products ore aiso eligible 

Subscription in United States, possessions, and 
Coneda for home-oddressed copies ond copies 
not qualified under above rules: One year, $10. 
Single copies $1.00. Other countries: One yeor, 
$25. Published every other Thursday by The 
Penton Publishing Co.. Penton Bidg., Cleveland 
13, Ohio 


BPA Gs 








Advertising Index 





Alloy Steel Casting Co. 
Arwood Corporation 
Avondale Shipyards, Inc., Service Foundry Division 


Babcock & Wilcox Co., The, Tubular Products Division 
Baldwin-Lima-Hamilton, Standard Steel Works Division ...133, 134 


Bishop, J., & Co., Tubular Products Division 


Carpente, Steel Co., The 
Columbia-Geneva Stee! Division 
Copperweld Steel Co., Ohio Seamless Tube Division 


Drever Co., Heat Treating Division 
Drop Forging Association 


General Railway Signal Co., Foundry Division 
Grand Rapids Foundry 


Hamilton Foundry, Inc. 


BMiecki M 
P 





Keystone Steel & Wire Co. 
LaSalle Steel Co. 


Malleable Castings Council 117 
Manganese Steel Forge Co. 190 
Meehanite Metal Corporation 112 
Midvale-Heppenstall Co. .. 173 


National-Standard Co. .. 171 
Newark Wire Cloth Co. 191 


Ohio Seamless Tube Division, Copperweld Steel Co. 165 
Pittsburgh Steel Co. , 129 


Reese Metal Products Corporation ... 193 
Republic Steel Corporation 163 
Rodney Metals, Inc. 152 


Service Foundry, A Division of Avondale Shipyards, Inc. .... 112 
Standard Steel Works Division, Baldwin-Lima-Hamilton ...133, 134 
Swayne, Robinson & Co. 122 
Symington Wayne Corporation, Symington Division 119 


Tennessee Coal and Iron Division, United States 

Steel Corporation 
Timken Roller Bearing Co., The, Steel and Tube Division 
Torrington Co., The, Special Metal Parts Division 
Trent Tube Co. 
Tube Reducing Corporation 


United States Steel Corporation Subsidiaries 
153, 154, 155, 156, 157, 158, 159 


United States Stee! Export Co. 
United States Steel Supply Division, United States 
Steel Corporation 


Volirath Co., The, Foundry Division 


Waukesha Foundry Co. 
Wyman-Gordon 


Macuine Desicn—Tue Ferrous Merats Boox 








The Ferrous Metals Book 





OTHER BOOKS 


The Ferrous Metals Book is the fourth 
in a series of up-to-date basic reference 
manuals produced by the editors of 
Macuine Desicn. Other books in the 
series have been: The Fasteners Book, 
September 29, 1960, The Seals Book, 
January 19, 1961 and The Bearings 
Book, March 30, 1961. Other books 
on major subject areas of interest to 
design engineers will be published: 
The Electric Motors Book .. 
December 21, 1961 


The Hydraulics and Pneumatics Book 
1—Power Components 
March 1962 


The Electric Controls Book 
Switches, Relays and Timers 
.June 1962 


The Plastics Book September 1962 


The Mechanical Drives Book 
._December 1962 
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This Book contains . . 


Basic design facts about electric motors 
to aid in proper selection and application 


Product Directory 


Detailed information on types and manu- 
facturers of both standard and special 
electric motors and motor thermal pro- 
tection devices. 


The Book Series being produced by Macuine Desicn 
provides a group of up-to-date, comprehensive refer- 
ence manuals in significant subject areas. Each will 
be a combination of useful design data and commer- 
cial source-of-supply information. Each will provide 
basic material for solving the majority of practical 
everyday problems in a particular subject area. Each 
will be written for lasting reference value. 
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DESIGN) 
The Electric Motor Book 


This book has one main objective—to provide the design engineer 
with all of the pertinent information and data necessary to intelligently 
select and specify a motor to fill his particular design needs. The book 
is slanted towards selection and application of readily available “off-the- 
shelf” motors. 

It presents data, where possible, in the form of tables, charts and 
graphs that are immediately useful in selecting and applying electric mo- 
tors of a particular type. The Product Directory provides a detailed list- 
ing of available motor types and motor manufacturers. 


How to use... 


The Electric Motor Book has been arranged into two major divisions: 
Design Data and Product Directory. 

The Design Data division consists of a Fundamentals section, and a 
Selection and Application section. Chapters 2 through 9 constitute the 
Fundamentals section, and provide the reader with general information 
on motor types, construction and thermal-protection techniques. Also 
included in this section are chapters on driven-machine mechanics, tem- 
perature rise and insulation, bearings and lubrication, and enclosures and 
mounting methods. 

The Selection and Application section, chapters 10 through 19, pro- 
vides detailed information on various types of motors, both standard and 
special. Each chapter is devoted to a particular motor type and is sys- 
tematically arranged to provide the basic data necessary for motor speci- 
fication. 

The Product Directory is set up in four sections according to appli- 
cation. In each section, editorial and advertising pages have been inte- 
grated and cross-referenced to provide complete, self-contained informa- 
tion packages. The editorial portion of this directory gives descriptive 
information on various types of motors, and where they can be obtained. 
The advertising portion contains much of the information needed for 
specification of a company’s particular motor product. Also included in 
the Product Directory are alphabetical lists of motor manufacturers and 
their identifying tradenames. 


The Eleotie, itu Pork, Elite 


JOSEPH M. HOMITCH 
JAMES A. PARKS 
SAMUEL E. BARNES 
LEONARD 8. STANLEY 


1961 Edition 





DESIGN DATA 








CHAPTER 


| Introduction. ......... 
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Introduction 














E development of the electric motor 
* to its present day state has encom- 
passed many engineering advances in de- 
sign concepts. Also, advances in mate- 
rials and manufacturing techniques have 
resulted in improved performance and a 
continual reduction in motor size. Con- 
sequently, the electric motor has emerged 
as one of the most versatile of all ma- 
chine components. 

In selecting and applying an electric 
motor, the designer has almost an un- 
limited number of different motors to 
choose from. The possible combinations 
of electrical types, horsepower size, speed- 
torque characteristics, and mechanical fea- 
tures are large in number. Coupled with 
these basic variables, the designer must 
also consider such factors as economics, 
expected environmente! conditions, life ex- 
pectancy, reliability, installation and main- 
tenance costs, and availability of a par- 
ticular choice. Also, the designer must 
determine whether a standard or special 
motor should be used, whether it be stock 
or custom made, and any additional spe- 
cial motor features and/or accessories that 
may be required. 

To tackle the motor selection and ap- 
plication problem intelligently, the design- 
er must proceed through an orderly and 
systematic set of “ground rules.” All of 
the requirements that the motor must 
meet, and the conditions under which it 
will operate, must be established. Only 
after careful analysis of these requirements, 
will the one best motor for a particular 
application be arrived at. 


Motor Types 


All electric motors may be divided into 
three basic electrical categories. These are: 
Ac induction motors, ac synchronous mo- 
tors, and direct-current motors. Every type 
of motor, either alternating current or di- 
rect current, has certain basic characteris- 
tics common to all motors. These in- 
clude: Starting current, starting torque, 
efficiency, breakdown or pull-out torque, 
speed-torque relations, and speed charac- 
teristics over the operating range. A good 
understanding of these characteristics, and 
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how they apply to the various types of 
motors, is the basic step in properly select- 
ing and applying motors. 

Induction Motors: The induction motor 
is basically an ac transformer with a rotat- 
ing shorted secondary that is harnessed 
to do mechanical work. The primary 
winding (stator) is connected to the power 
source, and the shorted secondary (rotor) 
carries induced current. 

Induction motors are designed for both 
single-speed and multispeed operation. 
Chapter 2 discusses the general theory of 
operation, and construction of induction 
motors. 

Synchronous Motors: Although it is a 
form of induction motor, the synchronous 
motor differs so markedly in design and 
operational characteristics from other elec- 
trical types, that it is considered in a 
class by itself. 

Chapter 3 discu.ses the general operat- 
ing theory and construction of synchro- 
nous motors. 

Direct-Current Motors: Fundamentally, 
the de motor is an induction motor with 
a commutating device. It is the most 
versatile of all electric motors. Its speed 
can be adjusted in very fine increments, 
ranging from standstill to speeds high 
enough to cause motor destruction by cen- 
trifugal force. The starting torque of a 
de motor can be several times greater than 
that of an ac motor of equal horsepower. 

Chapter 4 discusses the theory of opera- 
tion, and construction of dc motors. 


Basic Considerations 


Several basic factors must be considered 
in selecting an electric motor for a par- 
ticular application: Matching of load re- 
quirements with motor characteristics, 
analysis of type of load involved, nature 
of the operation desired, and environ- 
mental conditions present. In many cases, 
more than one type of motor will meet 
the load requirements, and selection be- 
comes a matter of choice based on eco- 
nomics. 

Duty Cycle and the Driven Machine: 
Load requirements of the driven machine 
must be matched with the characteristics 
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of the various types of motors available 
for the power source to be used. The 
motor must be able to: 1. Start the load. 
2. Accelerate it up to operating speed 
3. Drive it at the desired speed as long 
as required. 4. Meet all requirements as 
to speed variations, reversing duty and 
start-stop cycles, without overheating. 
These factors are covered in detail in 
Chapters 5 and 6. 

An important consideration in motor 
application is motor thermal protection. 
The motor can be damaged by incorrect 
voltage or failure of one or more phases 
of the power supply, sustained excessive 
overload, or by failure of the cooling sys- 
tem. The correct motor thermal protec- 
tion will insure long motor life, and pro- 
tect life and property. The various tech- 
niques of motor thermal protection, and 
types of thermal-protection devices, are 
discussed in Chapter 7. 


Mechanical Considerations: Operating 
conditions, environment, method of 
mounting, and type of power transmission 
(coupled, belted, geared, etc.) will dictate 
the mechanical design of the motor. 
Mechanical factors to consider in selecting 
a motor include: Enclosure, mounting, 
type of bearings, and lubrication. 


BEARINGS AND LusricaTion: The bearing 
type selected depends on several factors: 
Type of mounting (whether horizontal oy 
vertical), contaminants present, am 
temperature, nature of load ( 
smooth, unbalanced, shock, thrust or gver- 
hung), and expected bearing life. * 

Selection of the correct bearing type and 
lubrication method is covered in Chap- 
ter 8. 


EncLosurE AND Mountinc: For the 
mejority of applications, standard open- 
frame motors have sufficient protection 
against the elements. Dripproof and splash- 
proof motors are employed primarily where 
excessive moisture is present. Complete en- 
closure, such as for a totally enclosed 
motor, prevents surrounding atmosphere 
from entering the motor, thus protecting 
the motor itself. 

Special attention to the method of 
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mounting the motor to the machine will 
result in an installation having good ap- 
pearance, compactness, minimum number 
of parts, reduced assembly costs, and ease 
of maintenance. Because of the wide 
variety of standardized mountings, the de- 
signer usually has only to select the 
mounting arrangement which best meets 
his needs. 

Detailed data on enclosures and mount- 
ings is included in Chapter 9. 


Power Supply 


In most cases, the one fixed factor in 
motor selection is the electrical power 
input available to the motor. It must be 
known if the source of power for the 
application is ac or dc, and voltage or 
yoltages available. If the application is 
ac, frequency and number of phases must 
be known. 

Voltage: Motor rating must match the 
nominal voltage and frequency of the 
supply. As a rule, the highest available 
yoltage will give the lowest initial and 
operating cost. 

Phase: Three-phase supply is the most 
desirable, but only single-phase is offered 
for mest residential and rural districts. 
Two-phase power is found only in a few 
scattered areas, and therefore, two-phase 
motors are seldom built. 

Frequency: 60 cps frequency is standard 
throughout the country, but occasionally 
frequencies of 50 and 25 cps are used. 50- 
cps systems are common in foreign 
countries. 

Voltage Regulation: The voltage regula- 
tion of the supply should be known to 
select motors which will deliver sufficient 
torque, even with the probable drop in 
voltage, to start and carry the load. 

Thus, the power source must be fully 
defined and understood before proceeding 
with detailed motor selection. 


Selection and Appiication 


From an application viewpoint, all mo- 
tors can be classified as “standard” or 
“special”—there is no definite dividing 
line between the two. Although NEMA 

established definitions for classifica- 
= according to application, there is a 

of uniformity in motor designation 
within industry. For example, typical of 
the many classifications used by both 
manufacturers and users are: Standard, 
standard-duty, general-purpose, definite- 
Purpose, special, special-purpose, single- 
Purpose, special-application, and _ special- 


Standard Motors include any motor that 
is built as a stock item, or designed to 
conform to NEMA standards. NEMA stand- 
ards cover a category of general-purpose 
motors. These motors are intended for use 
under usual service conditions, without any 
festriction to a particular application or 
type of application. General-purpose motors 
are available in standardized ratings with 
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standard operating characteristics and 
mechanical construction. 

Standard motors have the advantage 
oi being readily available, and often are 
manufactured employing mass-production 
methods—thus they generally are less ex- 
pensive than special motors. Chapters 10 
and 11 include selection and ap- 
plication data for fractional-horsepower 
motors. Integral-horsepower motors are 
discussed in Chapters 12 and 13. 

Special Motors have special mechanical 
and/or electrical features that are not 
available in standard motors. These mo- 
tors are often variations of standard mo- 
tors that make the motor more adaptable 
to a specific application. In some cases, 
mounting dimensions aud methods are 
changed from standard; in others, the vari- 
ation may be enclosure, modified speed- 
torque relations, or inclusion of built-in 
devices. 

NEMA has established two categories 
for special motors: Definite-Purpose, and 
Special-Purpose. Selection and application 
data for these motors is included in Chap- 
ter 16. 

There are many special motors that 
have a name descriptive of their con- 
struction or application. These motors 
range in size from the miniature servo- 
motor to large industrial drive motors, 

MULTISPEED MOTORS are used where 
more than one fixed speed is required 
with the minimum of external control 
equipment. These motors are generally of 
integral-horsepower polyphase design and 
are discussed in Chapter 14. 

GeraRMOTORS are speed reducers com- 
bined with integral or flange-mounted 
motors. Their main advantage is that the 
driving shaft may be coupled directly to 
the driven shaft, thus eliminating external 
gearing, belts, pulleys, chains, and counter- 
shafts. Chapter 15 discusses gearmotors in 
two sections: Fractional and Integral. 

TorQUuE MOTORS are designed for ap- 
plications which require prolonged stalled 
torques and/or certain special running 
characteristics. Also they are used in 
clamping, indexing, and positioning ap- 
plications. These motors are discussed in 
Chapter 17. 

INSTRUMENT AND SERVOMOTORS are pre- 
cision-built motors, generally within the 
subfractional horsepower range. Com- 
mon applications for instrument motors 
include drives for recorder charts, turn- 
tables, instrument capstans, precision 
lathes, and valve controls. 

Servomotors are widely used in auto- 
matic-control systems as the basic actuat- 
ing device. In typical applications, they 
are driven from servo amplifiers, and in 
turn drive a mechanical load through 
gear reduction. Instrument and servo mo- 
tors are covered in Chapter 18. 

TIMING MOTORS are small constant- 
speed motors, with a usable power output, 
used as prime movers for timing devices, 
or where precise, constant-speed is re- 





quired. Timing motors are often com- 
bined with a gearhead unit for use in 
applications requiring higher output 
torque, lower output speed, or both. Selec- 
tion and application data for timing mo- 
tors is included in Chapter 19. 


Standards and Specifications 


There are many standards and specifica- 
tions pertaining to the design, manufac- 
ture, testing, installation, and servicing of 
electric motors. These are issued by vari- 
ous technical organizations and societies, 
industry groups, and government agencies. 

Some of these standards overlap one 
another, or are a result of previously 
adopted standards. In addition, there are 
many local codes and ordinances cover- 
ing motor installation, wiring, overload 
protection and operating safety factors. 

NEMA Standards are voluntary stand- 
ards of the National Electrical Manufac- 
turers Association that have been adopted 
and designed to eliminate misunderstand- 
ings between the manufacturer and the 
purchaser, and to assist the purchaser in 
selecting and obtaining the proper product 
for his needs. The NEMA standard for 
electric motors is MG1-1959, Motors and 
Generators, and covers such items as 
frame sizes and enclosures, torque classi- 
fications, and basis of rating. 


ASA Standards are national standards 
established by the American Standards 
Association which represents manufac- 
turers, distributors, consumers and others. 
The chief electric motor standard of ASA 
is C50, Rotating Electric Machinery and 
includes specifications, dimensions and test 
codes for induction, synchronous, direct- 
current and universal motors. 

National Electric Code is ASA Stand- 
ard Cl-1959 sponsored by the National 
Fire Protection Association for the pur- 
pose of safeguarding persons and build- 
ings from electrical hazards arising from 
the use of electricity for light, heat, power, 
and other purposes. 

Underwriters’ Laboratories, Inc. is a 

nonprofit independent testing organiza- 
tion sponsored by the National Board of 
Fire Underwriters. Its purpose is to ex- 
amine and test devices, systems and mate- 
rials with particular reference to life and 
fire hazards. Two standards cover- 
ing motors are: UL 73, Standards for 
Safety for Motor-Operated Appliances, and 
UL 674, Standard for Electric Motors and 
Generators for Use in Hazardous Loca- 
tions. 
AIEE Standards are issued by the 
American Institute of Electrical Engineers 
and include test procedures, recommended 
practices, specifications, and guides for 
the design of electrical apparatus. 

Federal and Military specifications are 
numerous. Individual specifications are 
issued to cover many types of both stand- 
ard and special motors used in various 
military and government applications. 
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CHAPTER 


Fundamentals 


Induction Motors 








OLYPHASE induction motors are 

probably the simplest and most rug- 
ged of all electric motors. They consist 
of two basic electrical elements: The 
wound stator, and the rotor assembly. 
There is no electrical connection be- 
tween the two, Fig. 1. Alternating-current 
power applied to the stator windings 
causes a current to be induced in the 
rotor conductors—hence the name “in- 
duction” motor—and the combined elec- 
tromagnetic effects of stator and rotor 
currents produce the force to create ro- 
tation. 

Mechanical parts consist simply of a 
frame to hold the stator, a shaft, and 
endshields with bearings and lubrication 
system, Fig. 2. Considerable variation is 
possible in the basic components. Bear- 
ings may be sleeve, ball, or roller type, 
and oil or grease lubricated. The frame 
may be open dripproof, totally enclosed, 
totally enclosed fan-cooled, force-venti- 
lated, waterproof, vertical or horizontal. 
Frames can be made of cast iron, steel, 
aluminum, brass, or anything else with 
the strength and rigidity to hold align- 
ment. Endshields may be equipped with 
a face or flange for mounting the motor 
on the driven machine, or mounting 
driven equipment on the motor. Shafts 
may be made with any desired special 
machining, and of any suitable mate- 
rial. However, certain standards of di- 
mensions and performance have been es- 





Nomenclature 
Line voltage, v 
Power factor, per cent 
Full-load current, amp 
Actual speed, rpm 
Synchronous speed, rpm 
Input power, kw 
Output power, hp 
Apparent power, kva 
Slip, per cent 


ear vee one 


ruunnnnnu 











L. S. SHERMAN 
Senior Produc? Planning Engineer, General Electric Co., Schenectady, N. Y. 


tablished which limit the possible variety 
of mechanical and electrical character- 
istics. 


Theory of Operation 


If the pole of a magnet is swept past 
a group of conductors, a voltage will be 
induced in the conductors. If the con- 
ductors are connected together, a current 
will flow in them. This creates a mag- 
netic field, opposite in polarity to the 
magnet. Since opposite poles attract, a 
force is set up which tends to make the 
conductors follow the moving magnet. 

In a motor, multiple moving magnets 
are arranged in a circle around a “squir- 
rel cage” of short-circuited conductors, As 
the magnets sweep past the conductors, 
current is induced, creating a force which 
tends to rotate the squirrel cage, Fig. 3. 

Rotating Magnetic Field: In a three- 
phase induction motor, the windings of 
each phase of the stator are spaced in 
such a way that the magnetic poles ef- 
fectively revolve at a constant speed, 
Fig. 4. The stator windings do not move 
physically. The effect of pole revolution 


is a result of the rising and falling input 
voltage, and the manner in which the 
stator windings are constructed and con- 





Fig. 1—Rotor and stator for induction 
motor. 





Fig. 2—Basic parts of an induction motor. 
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duction motor. 
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Fig. 3—Magnetic field of induction mo- 
tor cut by rotating conductors. 
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Fig. 5——Current and torque characteristics for induction mo- 


tor at various percentages of syn 


nected. Thus, in effect, the poles on a 
motor make one complete revolution in 
one full power cycle. 

The synchronous speed of an induc- 
tion motor depends on two things: The 
number of poles in the stator, and the 
frequency of the power supply. This can 
be expressed as (see Nomenclature) 


120 f 
P 


Slip: The induction-motor torque, 
which causes rotation, is a result of rotor 
conductors being cut by a rotating mag- 
netic field. Therefore, synchronous speed 
is the absolute upper limit of motor speed. 
If the rotor turns exactly as fast as the 
Yotating magnetic field, then no lines of 
force are cut by rotor conductors, and 
torque is zero. Consequently, it is not 
possible to get an induction motor up to 
Synchronous speed unless the machine is 
driven by an outside mechanical force. 
While running, the rotor will always 
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Fig. 6—Rotor-slot configurations for various induction mo- 


bar construction; 


used for poe ‘motors; e, open-slot design used 
wound rotor motors. 


rotate slower than the magnetic field. 
The rotor speed will be just enough 
slower to cause the proper amount of 
rotor current to flow, so that the result- 
ing torque will be sufficient to overcome 
windage and friction losses, and drive the 
load. This spéed difference between the 
rotor and the magnetic field, called slip, 
is normally referred to as a percentage 
of synchronous speed. 


100(n, — mq) 


n, 





Induction-motor performance charac- 
teristics are generally related to speed 
vs. torque and speed vs. current curves, 
Fig. 5. 


Full-Load Torque of a motor is the 
torque necessary to produce rated power 
at full-load speed. 


Breakdown Torque of a motor is the 
maximum torque which should develop 


num conductors and eo -D motors with fabricated i 


design-A motors with cast alumi 
for design-B motors; ¢ and 


Tabe 


with rated voltage applied at rated fre- 
quency, without an abrupt drop in speed. 


Locked-Rotor Torque of a motor is the 
minimum torque which the motor will 
develop at rest for all angular positions 
of the rotor, with rated voltage applied 
at rated frequency. 


Pull*Up Torque of an alternating-cur- 
rent motor is the minimum torque de- 
veloped by the motor during the period 
of acceleration from rest to the speed at 
which breakdown torque occurs. For mo- 
tors which do not have a definite break- 
down torque, the pull-up torque is the 
minimum torque developed up to rated 
speed. 


Locked Rotor Current of a motor is 
the steady-state current taken from the 
line with the rotor locked and with 
rated voltage (and rated frequency in the 
case of ac motors) applied to the motor. 
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Full-Load Current of a motor is the 
current taken from the line when the 
motor is operating at full-load torque and 
full-load speed, with rated frequency and 
voltage applied to the motor terminals. 


Performance Characteristics 


The squirrel-cage motor is basically a 
constant-speed machine, but some degree 
of flexibility in operating characteristics 
is achieved by modification of the rotor 
slot design. Variations in rotor design pro- 
duce changes in torque, current, and full- 
load speed. Evolution and standardization 
in the industry has resulted in four fun- 
damental types of motors, each having 
its own specific set of characteristics, These 
four types are: 


NEMA Designs A and B: General-pur- 
pose motors with normal starting torque, 
normal starting current, and low slip. 
These motors represent a “standard” to 
which the characteristics of other designs 
are compared. 


NEMA Design C: A high starting- 
torque motor with normal starting cur- 
rent and low slip. 


NEMA Design D: A “high-slip” motor, 
characterized by very high starting torque, 
low starting current, and low full-load 
speed. 


NEMA Design F: A motor with low 
starting torque, low starting current, and 
low slip. 

For more information on selection and 
application of these motors, see Chap- 
ters 10 and 12. 
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Fig. 8—Typical load vs loss curve for design-B, 
50-hp, 1800-rpm induction motor. 


Rotor-Slot Influence on Performance: 


Changes in motor reactance and resist- 
ance affect all induction-motor perform- 
ance characteristics. The values of re- 
actance and resistance are controlled by 
changes made in rotor-slot shape, rotor- 
conductor material, and size of the rotor 
bar. 

Rotor punchings for 1 to 200-hp mo- 
tors are made from thin sheets of elec- 
trical steel with slots punched around the 
periphery, Fig. 6, to take the rotor con- 
ductors. These punchings are stacked into 
a rotor body with slots all aligned. Then, 
the conductor material is cast into place, 
integral with the endring and rotor fans. 
Low-slip motors in small sizes are gen- 
erally die-cast with pure aluminum. High- 
slip motors may employ fabricated wind- 
ings made up of copper or brass bars 
brazed to solid copper endrings. Regard- 
less of its configuration, the rotor wind- 
ing forms the “squirrel cage” on which 
the stator flux acts to produce motor 
torque. Low-slip motors, design A, have 
the simplest rotor-slot configuration. 

Since design-A motors are permitted to 
have higher starting current than design 
B, they are designed to have lower rotor 
reactance and resistance. This is achieved 
by putting the large rotor bars close to 
the airgap, where they are linked by most 
of the stator flux, even at starting. 

The rotor-bar cross-sectional area and 
material may be the same for designs A 
and B, but the centerline of the design- 
B bar is located farther from the airgap. 
Hence, the bar is not completely linked 
by the stator flux at start and, therefore, 
appears to have high reactance. This 
reduces starting torque and starting cur- 


rent, but provides the same operating 
characteristics after the motor gets up 
to speed. 

Design-C motors are often made with 
a double squirrel cage, Fig. 6. The ma- 
terial and total cross-sectional area may 
be the same as for design-A or B rotor 
bars, but the special shape and position 
of the two rotor windings give the de- 
sired high-torque and low-slip character- 
istic. The outer winding has relatively 
high resistance because the conductors are 
small in cross section. The inner winding 
has a large cross section and, therefore, 
a low resistance. Because the inner wind- 
ing is so deep in the rotor iron, it has a 
pronounced high-reactance characteristic 
at zero speed. At the instant of starting, 
the stator supply frequency is induced 
in the rotor. Very little current flows in 
the inner winding because of its high 
reactance characteristic at line frequency. 
But the outer high-resistance squirrel 
cage has low reactance and, hence, de- 
velops high starting torque. As the rotor 
comes up to speed, the rotor senses a 
decrease in slip frequency. The effect of 
a decreasing reactance in the inner wind- 
ing permits most of the current to flow 
in the low-resistance inner squirrel cage. 
Thus, the outer winding gives high start- 
ing torque and the inner winding takes 
over at full-load speed to provide low 
full-load slip and high efficiency. 

Design-D motors must have high-re- 
sistance rotor windings to get high start- 
ing torque and high slip. This is obtained 
by making the rotor bars of small con- 
tinuous cross section and of higher re- 
sistance materials. In one type, the rotor 
has its squirrel cage made of brass bars 
with rectangular sections. These bars are 
inserted through the rotor slots and then 
brazed to the short-circuiting endrings. The 
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brass material provides a high resistance 
winding that is both mechanically rugged 
and capable of takirg the high extremes 
of rotor heating without damage. 

Design-F motors must have rotor con- 
ductors of low resistance (to get high 
full-load speed) and high reactance (to 
limit starting current). The bars are spe- 
cially shaped and located deep in the 
rotor to give the effect of high reactance 
at start. This produces low starting cur- 
rent, low starting torque, and low start- 
ing power-factor. 


Electrical Characteristics 


The electrical characteristics of induc- 
tion motors are usually expressed in terms 
of full-load efficiency, power factor, and 
current, Fig. 7. 

Efficiency of an induction motor is a 
percentage expression of output divided 
by input. 

_ 0.746 P, 
Pi 

Power factor is also a percentage ex- 
pression of motor real power input di- 
vided by apparent power, P,/s. This is 
always less than unity because the motor 
draws current for magnetizing its core 
and taking care of rotor losses even at 
no load. Magnetizing current is consid- 
ered to “lag” the phase angle of current 
that produces power. Since magnetizing 
current is essentially constant, power fac- 
tor ‘s very low at light loads and high 
at tui load. 

For a three-phase motor, power out- 
put at any operating point is 


1.73 ByrIpF yy 
0.746 


Therefore, having motor performance 
data, actual power output can be calcu- 
lated for any operating point. 

Power factor and efficiency character- 
istics of popular induction motors are 
published in manufacturers literature for 
three operating points—50 per cent load, 
7 per cent load, and 100 per cent load. 
These published values may be either 
guaranteed minimum values or expected 
average values, and will be correct within 
1 to 2 per cent. From these values, and 
on-the-spot readings of voltage and cur- 
rent, actual induction-motor loads can 
be closely calculated. 





Losses 


Induction-motor losses are the reason 
why efficiency is very low at light loads, 
but high near full load, Fig. 8. 


Friction and Windage: This is the in- 
Put power required to make up bearing 
and fan windage losses. Since speed var- 
fs so little from no load to full load, 
this loss is constant, unaffected by load. 


196: Edition 


Core Loss: Core loss is made up pri- 
marily of hysteresis losses in rotor and 
stator iron caused by the 60-cps mag- 
netization of the core. This loss is also 
independent of load. 


Load Loss: Load loss also occurs in 
the rotor and stator iron. This loss is 
roughly proportional to current (or load) 
squared, and is induced by leakage fluxes 
caused by load currents. 


IR Losses: These are heating losses in 
rotor and stator conductors caused by the 
current flowing through the conductor 
resistance. Because it varies as the square 
of current, it is generally small at no 
load but of major proportion at full load. 


Effect of Voltage 


Squirrel-cage motors are normally de- 
signed to operate successfully over a volt- 
age range of plus or minus 10 per cent 
from rated voltage, providing that vari- 
ation in frequency does not concurrently 
exceed 5 per cent. The expected changes 
in operating characteristics are tabulated 
in Table 1. With voltage controlled with- 
in these limits, NEMA-design motors will 
operate up to full load without exceed- 
ing the safe limits for total temperature 
in ambient conditions of 40 C or below. 
Some 220/440-v motors, rated for 40 C 
rise, are rated at 208-220/440 v. This 
rating does not change the intert of the 
plus or minus 10 per cent voltage con- 
cept. These ratings are based on the as- 
sumption that a 208-v, three-phase power 
supply is normally a network «system. 
Such systems are “stiff” systems, with a 
voltage variation not to exceed 5 per cent. 


2—INDUCTION MOTORS 
Since 95 per cent of 208 v is 198 v— 
within the minus 10 per cent band of 
the 220-v rating—the lowest expected 
voltage would be the same for both 
ratings. 


Unbalanced Voltage: A motor power 
supply must have closely balanced three- 
phase voltages to provide successful mo- 
tor operation. When voltages are un- 
equal, an unbalance in line current of 
five to ten times the voltage unbalance 
can exist. This unbalanced current re- 
duces motor torque and causes dangerous 
hot spots in motor windings. It also 
creates a problem of proper overload- 
heater selection in the control. 


50-cps Operation: A 60-cps, 40 C rise 
motor, with service factor of 1.15, can 
be operatéd at rated load on 50-cps power 
without injurious heating. Many of the 
commercially available dripproof motors 
of low-slip design have dual frequency 
nameplates that give both ratings. When 
the motor is operated on 50 cps, the serv- 
ice factor is no longer. available and tem- 
perature rise may be 50 C. Rated full- 
load torque is 6/5 of the 60-cps rating 
because speed drops with frequency to 
5/6 of the 60-cps speed. Breakdown and 
starting torque increase to about 135 
per cent of 60-cps values, and locked- 
rotor current is approximately 115 per 
cent of 60-cps values. 


Multispeed Motors 


While the squirrel-cage induction mo- 
tor is essentially a constant-speed ma- 
chine, many drives requiring speed ad- 
justment can be handled satisfactorily by 





Table 1—Changes in Induction-Motor Characteristics 
With Voltage* 








—_—___——- Characteristic Change ——_———__—— 
Characteristic 110 Per Cent Rated Voltage 90 Per Cent Rated Voltage J 

Torque 

Start and Max Running Increase 21% Decrease 19% 

Synchronous No change No change 

Full Load Increase 1% Decrease 1.5% 

Slip (per cent) Decrease 17% Increase 23% 
Efficiency 

Full Load Increase 0.5 to 1% Decrease 2% 

% Load Little change Little change 

% Lead Decrease 1 to 2% Increase 1 to 2% 
Power Factor 

Full Lead Decrease 3 points Increase 1 point 

% Load Decrease 4 points Increase 2 to 3 points 

% Load Decrease 5 to 6 points Increase 4 to 5 points 
Current 

Starting Increase 10 to 12% Decrease 10 to 12% 

Full Load Decrease 7% Increase 1 
Max Overioad Capacity Increase 21% Decrease % 
Temperature Rise Decrease 3 to 4C > Increase 6 to 7C 
Magnetic Noise Slight increase Slight 





changes with voltages. 





*This data is only approximate, and applies for standard, NEMA, low-slip designs. 
High slip, high temperature, or short-time rated motors may have quite different 
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Fig. 9—Construction of wound-rotor motor. 


multispeed induction motors having two, 
three, or four definite operating speeds. 
At each of these speeds, the motor will 
have about the same characteristics as 
a single-speed induction motor. The vari- 
ous speed combinations of multispeed 
motors are obtained by special connec- 
tions on a single winding stator (conse- 
quent pole), superimposed and separate 
windings, and combinations of the two. 
The single “consequent-pole” stator 
winding may be reconnected by external 
control to give the two speeds in a 
ratio of two to one. The lower of the 
two speeds is obtained from the higher 
speed winding by reversing the connec- 
tions to alternate poles, which induces 
additional poles in between the original 
poles. Doubling the number of poles in 
this way reduces the synchronous speed 
of the motor to one-half. The changing 
of poles is accomplished simply by re- 
connecting the six terminal leads con- 
nected to taps on the stator winding. 
Two or more speeds can also be ob- 
tained by superimposing one winding on 
another in the stator slots. This double- 
winding scheme must be employed for 
all combinations of speeds not in the 
ratio of two to one. Whenever the speed 
requirements are two to one, a single 
consequent winding is usually employed 
in preference to the double or super- 
imposed winding. The cost is lower, the 
size and we'zht of the motor is mini- 
mized, and tue efficiency at each of the 
two speeds is greater. However, when the 
application calls for two speeds in a 
ratio other than two to one, it is nec- 
essary to employ two windings in the 
motor. This construction may increase 
the size and cost because of the increased 
winding space requirements. 
Combinations of these two methods 
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Fig. 10—Speed vs torque curves for wound-rotor motor, 
Numbers on curves indicate total secondary circuit re- 
sistance in per cent of value to give 100 per cent full- 
load torque at stand still. 


may be employed if more than two speeds 
are required. This becomes almost im- 
practical to do because of the economics 
of special slot design and multiplicity of 
leads. Therefore, an adjustable-speed 
drive should be considered under these 
circumstances, Multispeed motors can be 
arranged with output ratings of constant 
torque, variable torque, or constant horse- 
power. For detailed information on se- 
lection and application of motors, see 
Chapter 14. 


Wound-Rotor Motors 


While the squirrel-cage induction mo- 
tor is relatively inflexible—with regard 
to speed and torque characteristics—a spe- 
cial wound-rotor version, Fig. 9, has very 
flexible speed and torque characteristics 
that can be controlled by external con- 
trol equipment. The wound-rotor motor 
is constructed with a three-phase winding 
on the rotor, quite similar in design and 
appearance to the stator winding. One 
end of each phase is brought out to a 
slip ring on the motor shaft. Stationary 
brushes in contact with the slip rings are 
connected to an external “secondary” cir- 
cuit in which any desired value of re- 
sistance may be inserted. With the slip 
rings shorted—no external resistance— 
the wound-rotor motor possesses speed 
and torque characteristics very similar to 
the NEMA Design B motor. The rotor 
winding by itself has a very low resist- 
ance, which produces a low slip and high 
efficiency when operating without ex- 
ternal secondary resistance. 

If resistance is added to the secondary 
circuit the speed vs. torque curve goes 
through a series of changes, depending 
upon the resistance added, Fig. 10. The 
family of curves ranges from the NEMA 
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design-B characteristic to the NEMA 
design-D characteristic and beyond with 
maximum resistance. 

The wound-rotor motor is often referred 
to as an adjustable, varying-speed motor. 
For a given torque load, the speed is 
adjustable by changing the amount of 
secondary resistance. For a given value of 
rotor-circuit resistance, the speed varies 
considerably with variations in load 
torque. However, at no load, all the 
motor torque curves pass through syn- 
chronous speed, Therefore, at no load, 
the motor will run at close to synchro- 
nous speed, irrespective of external rotor 
resistance. This is an important charac- 
teristic of the wound-rotor motor, which 
can be either an advantage or a disad- 
vantage, depending upon the type of ap- 
plication in which it is used. 

Fig. 11 shows a schematic arrange 
ment of secondary control for a wound- 
rotor motor. The contactors that cut in 
and out sections of secondary resistance 
can be either manually or automatically 
controlled. 

Whenever a wound-rotor motor is to 
be used with an adjustable, varying-speed 
drive careful consideration must be given 
to the nature of the load torque. When 
the load torque is constant for any 
speed within the speed range of the drive, 
the wound-rotor motor lends itself very 
well to the application since the load- 
torque curve crosses the motor-torque 
curve at very nearly right angles for all 
but very low values of speed. Therefore, 
with constant-torque loads, the wound- 
rotor motor can be expected to provide 
stable operation over a considerable range 
in speed for a small change in load 
torque. 

On variable-torque loads, where ad- 
justable speed is a requirement, the 
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Fig. 11—Schematic arrangement of secondary centrol for 


wound-rotor motor. 
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wound-rotor motor finds its best appli- 
cation. Here, again, excellent speed sta- 
bility is achieved—particularly above 50 
per cent of rated speed. Also, since the 
torque load drops with speed, and heat- 
ing in the motor goes down with the 
torque load, the motor is usable over a 
wider speed range on variable-torque 
than on constant-torque applications. 
Wound-rotor motors are normally recom- 
mended for operation down to 50 per cent 
speed at 40 per cent horsepower, without 
the need for auxiliary cooling or forced 
ventilation. For lower speeds or higher 
torques, special cooling usually has to be 


supplied. 
Induction Motor Time Ratings 


Most induction motors are continu- 
ously rated and, therefore, can carry the 
nameplate rated load for an indefinite 
time period. Most motors are used this 
way. However, there are many applica- 
tions th~t require a motor to run at full 
load for a short period of time. For these 
applications, motors are available for 
short-time ratings of 5, 15, 30, and 60 min. 

The time rating on a short-time rated 
motor is established as the length of time 
that the motor can operate from the tem- 
perature of 5 deg above ambient until 
it reaches the rated temperature rise. 
Hence, the motor need not operate con- 
tinuously over the short time period. 
Many motors are applied on duty cycles 
where the motor may run for 3 out of 
10 min, or two or three times for 5 min 
each in a 60-min period. Even continu- 
ously running motors that are inter- 
mittently loaded can often be 30 or 60- 
min rated, depending on the amount and 
duration of the required output. 


Polyphase Induction-Motor 
Starters 


All squirrel-cage induction motors of 
common industrial ratings are suitable 
for full-voltage starting by throwing the 
Motor right across the line. This kind of 
Starting presumes that the motor is con- 
hected to a “stiff” power supply, and that 
the inrush current drawn by the motor 
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will not cause serious voltage drop on 
the line. The electrical industry offers 
many varieties of contactors and combi- 
nation starters suitable for supplying this 
across-the-line” starting function at rela- 
tively low cost. 

The magnetic starter consists of a three- 
pole contactor, magnetically operated, 
with sufficient size and current carrying 
capacity to perform the starting and con- 
tinuous current-carrying capability of the 
motor with which it is applied. It is 
normally combined with either a fusible 
disconnect switch or a circuit breaker, 
and thermal overload relays. This com- 
bination of equipment then provides mo- 
tor overload protection, motor short- 
circuit protection, and a means of manu- 
ally disconnecting the motor from the 
incoming power line, Fig. 12. 


Reduced-Voltage Starters: All motors 
can withstand full-voltage starting, and 
across-the-line starting is the least ex- 
pensive way to start a motor. However, 
it is often necessary to go to a modified 
starting system that will reduce the cur- 
rent inrush drawn by the motor the in- 
stant it is thrown on the line. Reduced- 
voltage starting is employed to control 
inrush current whenever the power com- 
pany limits the amount of current drawn 
from its lines, or when the driven sys- 
tem requires a low starting torque to 
cushion the application of power to the 
load. 
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This starter also prevents possible dam- 
age to transmission equipment or driven 
machines, because the starting torque is 
also reduced. 

A reduced-voltage starter limits inrush 
current and starting torque in one of 
two ways: By reducing voltage applied 
to the motor terminals during accelera- 
tion, or by using only part of the wind- 
ing for starting. There are three general 
types of reduced voltage starters: Auto- 
transformer starter, primary-resistor start- 
er, and part-winding starter. 

Each of these types has a different set 
of characteristics that determines where 
it is best used, Table 2 and Table 3. 


Autotransformer Starter: There are two 
general designs of the autotransformer 
starter: Open transition and closed tran- 
sition. The difference is in the contactor 
arrangement and, particularly, in the se- 
quence of operation between the reduced- 
voltage start condition and the full-volt- 
age run condition. 

Open-Circurr Transition utilizes two 
contactors. When the start button is de- 
pressed, the start contactor is energized. 
This connects the motor to the line 
through the autotransformer at a reduced 
voltage, depending upon the transformer 
tap that is connected. After a preset time 
delay, the time-delay relay causes the 
start contactor to drop out, which results 
in the run contactor being energized. 
During this brief switching interval, be- 














Table 2—Reduced-Voltage Starter Selection Table 
Maximum Initial Starting Torque Required by Driven System 
Inrush Current (per cent of full-voltage torque) 
(per cent of full- 
voltage inrush) 25 42 64 
25 Autotransformer 
42 Autotransformer Autotransformer 
64 Autotransformer Autotransformer Autotransformer 
Part winding Part winding 
80 Autotransformer Autotransformer Autotransformer 
Primary resistor resistor Primary resistor 
Part winding Part winding 
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tween start and run, the motor is dis- 
connected from the incoming power line. 
It is possible to observe high-current 
switching transients when the “run” con- 
tactor closes, depending upon the load 
and application. 

C.osep-Circurr TraNstrion utilizes three 
contactors and is sequenced in such a 
manner as to provide a smooth transition 
from start to run. Once the motor is con- 
nected in the start condition, it is tran- 
sitioned to run by the autotransformer, 
which is used as a reactor during the 
switching interval, Fig. 13. 

This reduces possible switching tran- 
sients to the minimum. Pressing the start 
button energizes the start and wye con- 
tactors, placing the motor on reduced 
voltage. After a preset time interval, the 
timing relay device drops out the wye 
contactor, providing a brief period when 
the autotransformer acts as a reactor, The 
run contactor then is energized, shorting 
the entire autotransformer out of the 
circuit and applying full voltage to the 
motor. 

Wye and run contactors on the mag- 
netic autotransformer starter are mechani- 


cally and electrically interlocked to as- 
sure the proper starting sequence. Press- 
ing the stop button de-energizes all con- 
tactors and takes the motor off the line. 
The starter provides undervoltage pro- 
tection, when a momentary contact push- 
button station is used with the holding 
interlock on the start contactor. The prin- 
cipal advantage of autotransformer start- 
ing is that more torque is available per 
unit of line current applied than with 
other forms of reduced-voltage starting. 


Primary Resistor Starter basically con- 
sists of a three-pole start or accelerating 
contactor, a three-pole run or line con- 
tactor, a pneumatic timing relay, a single- 
step three-phase resistor, and two over- 
load relays, Fig. 14. 

Pressing the start button energizes the 
start contactor. This places the motor on 
reduced voltage. Starting current drawn 
from the line is reduced by resistors. After 
a definite time delay, the run contactor 
is energized, and resistors are electrically 
bypassed to send full voltage directly to 
the motor. 

Pressing the stop button de-energizes 


both contactors and removes all power 
from the motor. A momentary-contact 
pushbutton station, used with the hold- 
ing interlock on the start contactor, pro- 
vides undervoltage protection. 


Primary Reactor Starter has the same 
components and circuits as the primary 
resistor starter, except that a three-phase 
reactor is used in place of the resistor, 
The locked-rotor current is the same for 
equal starting torque, but the reactor 
starter has an advantage in higher torques 
between 70 and 85 per cent speed. Re- 
actors usually take less space and have 
less heating than resistors, but have the 
disadvantage of being fixed in character- 
istics. 

Part-Winding Starter generally consists 
of two contactors (each selected for one- 
half the horsepower rating of the motor), 
four overload relays, and a time-delay 
relay. It is not a true reduced-voltage 
starter, but it accomplishes a similar task 
—limiting inrush current and _ starting 
torque—by utilizing part of the motor 
windings during the start cycle. Because 
it uses both the start and run contactors 





Table 3—Reduced-Voltage Starter Comparison Table 




















——— Starting Characteristic; ——— 
Typeof Starter Line Current Voltage Advantages Limitations 
of Starter Torque at Motor 
(percent) (percent) (per cent) 
1. Balanced voltage and torque from 1. Most complex reduced-voltage starter. 
tg =" ¢ 2. Duty cycle (starting time frequency 
length) limited by autotrans- 
2. High torque efficiency (maximum Samer rating. 
torque per line ampere). 
64 64 80 3. Application flexibility (easily oes 
Autotransformer 42 42 65 starting characteristics)—choose from 
25 25 50 several sets of taps. 
4. Automatic operation after pilot device 
is activated. 
5. Remote operation. 
6. Closed-circuit yoo ee Possible (mo- 
tor connected from start to run with 
no interruption in line current). 
1. Least complex reduced-voltage starter 1. Low torque efficiency (decreases as 
(no mechanical interlocking of con- voltage decreases). 
semeea sand 2. High power loss (resistor heating). 
8. Guneeth asestesnting. 3. Starting characteristics not easily ad- 
Primary 3. Less bgt than autotransformer justed after manufacture. 
through size 3. 
Resistor 80 $4 80 4. Severe starting duty require heavy- 
4. Closed-circuit transition. duty resistors. 
5. High starting power-factor. 5. Takes up more space than auto 
transforrser type in larger sizes. 
6. High initial inrush current. 
1. High or low-voltage applications. 1. Normally poor torque efficiency for 
2. C1 , it ition. high-speed motors. 
3. Less than any other re- 2. Normally unsuitable for high inertia 
duced-voltage starter because it has loads (torque dips may cause motor 
Part Winding 65 42 100 fewer starter components. not to accelerate fully). 


4. Full acceleration in one step for most 
— induction or special part- 


5. Each contactor may % normal 
contactor-rating (400 . maximum). 


Smaller than other reduced- 
starters with comparable — 


Pad 


3. Requires special motor design for 
system voltages higher than 220 volts. 
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to carry the full-load motor current, it 
can utilize smaller contactors than would 
ordinarily be applied. This may result 
in less-costly components for a given mo- 
tor size. 

Ordinarily, this starter is used with a 
standard 220/440-v motor having two 
separate windings when applied to a 
220-v source. The same method may be 
used on a 440 or 550-v source with a 
spcci.' vart-winding motor. 

Initiating the start cycle energizes one 
contactor to put full voltage across se- 
lected parts of the motor windings. After 
a definite time delay, the second con- 
tactor is energized to apply full voltage 
across the remaining motor windings. This 
dosed transition method of reducing in- 
mush current first energizes one-half of 
the motor winding on the first step and 
the remaining windings on the second 


step, Fig. 15. 


Wye-Delta Starting is exceptionally 
convenient for starting three-phase in- 
duction motors at reduced starting volt- 
age or reduced starting torque. It is for 
use with three-phase induction motors 
which have windings that can be con- 
nected in wye as well as in delta. Wye- 
delta starting can be used for medium 
starting duty. 


Single-Phase Induction Motors 


Single-phase induction motors are made 
in many electrical types, depending on 
size and application performance require- 
ments. Their predominant use is in frac- 
tional-horsepower sizes. They are also 
used in integral-horsepower sizes where 
three-phase power is not available. 

Single-phase induction motors fall into 
eight types, depending primarily on the 
starting method employed. Single-phase 
power does not provide a rotating field, 
and most squirrel-cage motors for single- 
phase use must have a phase-displace- 
ment circuit built in that provides, dur- 
ing acceleration, the effect of a two-phase 
winding to produce starting torque. 

Shaded Pole motors are motors in which 
Starting torque is obtained by placing a 
shorted copper turn, or “shading coil” 
around one pole piece in each pole of 
the stator. These motors are made pri- 
marily in two-pole designs up through 
Y, hp, but are most commonly applied 
at 4% hp and below for speeds of 850, 
1140, or 1725 rpm. Their low starting 
torque and high slip restricts them gen- 
erally to direct-connected fan and blower 
drives, where they are very widely used. 


Permanent Split-Capacito- motors are 
also used generally for fan and blower 
applications, because they have inherently 
low starting torque. In this type, starting 
is accomplished by the phase shift caused 
by a starting winding having a built-in 
series capacitor. The winding and ca- 
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Closed circuit transition 
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Fig. 13—Connection diagram for aupptransformer starting. 


Fig. 14—Connection diagram for 
primary resistor starting. 
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Fig. 16—Connection diagram for permanent split-capacitor 


motors. 
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Fig. 17—Connection diagram for split-phase motors. 
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Fig. 18—Connection diagram for capacitor-start motors. 


pacitor are left in the circuit during op- 
eration. Sizes range up through 1/3 hp, 
usually at speeds of 1150 and 1725 rpm. 
They are higher in power factor and 
efficiency than shaded-pole motors, and 
easily arranged (by special control) for 
adjustable-speed operation, Fig. 16. 


Split-Phase motors have two windings; 
a main or running winding, and a sepa- 
rate high-resistance starting winding that 
causes a phase displacement during start- 
ing to produce a rotating field. After ac- 
celeration this winding is cut out of op- 
eration by a centrifugal switch that is 
speed actuated from the rotor. These mo- 
tors can have starting torques ranging 
up to 200 per cent of full load, so they 
may be considered for applications re- 
quiring low or moderate accelerating 
torque. They are generally made up to 
Y% hp in two, four, six and eight-pole 
designs, Fig. 17. 


Capacitor-Start motors are similar to 
split-phase motors, except that they use 
a capacitor in series with the starting 
winding. This gives appreciably more 
starting and accelerating torque, making 


these motors suitable for more general 
industrial application on high inertia or 
hard starting loads. The locked-rotor 
torque is approximately 400 per cent of 
full-load torque. These motors are more 
commonly made in the larger sizes, from 
1/6 hp on up, including integral-horse- 
power ratings, Fig. 18. 


Two-Value Capacitor motors combine 
the best features of both the permanent- 
split and the capacitor-start motor types. 
Very high starting and accelerating torques 
are obtained from the capacitor-start 
winding, but part of the capacitors are 
switched out for running. The remaining 
capacitors and starting windings stay in 
service during operation, giving good 
power factor and efficiency characteris- 
tics. They are made in large fractional 
and integral-horsepower sizes up to about 
25 hp, Fig. 19. 


Repulsion motors are commutator-type 
machines, very much like de motors in 
appearance, with good starting-torque 
characteristics. The wound rotor is short 
circuited by brushes so placed on the com- 
mutator that the magnetic axis of the 


Fig. 19—Connection diagram for two-value capacitor motors, 


Main 
winding 


a 








Fig. 20—Connection diagram for repulsion motor. 


rotor winding is offset from the mag- 
netic axis of the stator winding. High 
short-circuit currents during acceleration 
give good starting torque, and the motor 
runs with a variable speed characteristic, 
Fig. 20. 


Repulsion-Start Induction motors have 
the same kind of rotor and brush ar- 
rangement as the repulsion motor; hence, 
the same good starting torque character- 
istics. However, as the motor approaches 
full speed, a centrifugal device operates 
to lift the brushes and short circuit all 
commutator bars, causing the motor to 
then run as a squirrel-cage type with good 
constant-speed characteristics. 

The most popular form of the commu- 
tator single-phase motor for industrial 
applications is the repulsion-start induc- 
tion motor. Brush wear and commutator 
maintenance is minimized by using the 
commutator circuit only at start. This 
motor is produced up to large integral- 
horsepower sizes for constgnt-speed ap- 
plications where three-phase power is not 
available. 


Repulsion Induction motors have two 
windings in the rotor; one, the wound 
rotor winding connected to the commu- 
tator, the other, a conventional squirrel- 
cage winding. Acceleration is accom- 
plished on the commutator winding 
through the short-circuiting brushes, and 
the squirrel-cage winding comes into oper 
ation at full speed. The characteristic may 
be either constant or varying speed, de- 
pending on the specific design. 
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CHAPTER 


Fundamentals 


Synchronous Motors 








YNCHRONOUS motors are inherently 

constant-speed motors. They operate 
in' absolute synchronism with the line fre- 
quency. As with squirrel-cage induction 
motors, speed is determined by the num- 
ber of pairs of poles and is always a 
ratio of the line frequency. 

Synchronous motors are made in all 
sizes--from subfractional self-excited units 
to Jarge-horsepower direct-current-excited 
motors used for industrial drives. In the 
fractional-horsepower range, synchronous 
motors are primarily used where a precise 
constant-speed motor is required. 

In iarge-horsepower sizes applied to in- 
dustrial loads, the synchronous motor 
serves two important functions: First, it 


Fig. 1—Typical construc- 
tion of a dc-excited syn- 
chronous motor with di- 
fect-connected exciter. 
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is a highly efficient means of converting 
alternating-current electrical energy into 
mechanical power. Second, it can operate 
at leading or unity power factor, thereby 
providing the function of a synchronous 
condenser for power-factor correction. 
This chapter concentrates primarily on 
the dc-excited synchronous motor. In 
these motors, the basic magnetic field is 
obtained by direct-current excitation, 
rather than through the air-gap from the 
armature as in the case of induction mo- 
tors. Comparatively large air gaps are 
therefore used, making practicable the 
manufacture, even in relatively low horse- 
power ratings, of low-speed synchronous 
motors. In all low-speed ratings and in 


large high-speed ratings, synchronous mo- 
tors are smaller physically and less costly 
to build than squirrel-cage induction mo- 
tors of equivalent rating. 


Motor Types 


There are two major types of synchro- 
nous motors: Nonexcited, and direct- 
current-excited. 


Nonexcited motors are made in reluct- 
ance and hysteresis designs. These mo- 
tors employ a self-starting circuit and re- 
quire no external excitation supply. 


Reluctance motors are the most common 
of the nonexcited types and are made in 
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Fig. 2—Resultant torque-speed characteristics of a 


motor employing a high- 


synchronous 
resistance upper-cage winding, and a low-resistance, 
lower-cage winding. 
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sizes ranging from subfractional up to 
about 30 hp. Reluctance synchronous mo- 
tors are of squirrel-cage constuction with 
salient-pole configuration. Efficiency and 
power factor are lower than for dc-excited 
synchronous or squirrel-cage induction 
motors. However, in small sizes, these 
factors are of minor importance compared 
to the initial low cost of these motors. 


Hysteresis synchronous motors are made 
in the subfractional-horsepower range. 
They are used as timing motors, and as 
drives for recording instrument applica- 
tions requiring a precise constant-speed 
motor. Hysteresis types have solid metal 
rotors which may be slotted. The rotor 
generally consists of a heat-treated, cast 
cobalt alloy cylinder. 

A hysteresis synchronous motor has no 
physical pole arrangement. It develops 
fixed magnetic poles only as it reaches 
synchronous speed and, therefore, will lock 
into synchronism in any random angular 
position. 


Direct-current-excited motors are made 
in sizes larger than 1 hp and require direct 
current supplied through slip rings for ex- 
citation, Fig. 1. The direct current may 
be from a separate source (separately ex- 
cited) or from a de generator directly con- 
nected to the motor shaft (self-excited). 
These motors are generally rated at unity 
or 0.8 leading power factor and are often 
used for power factor correction. 

Synchronous motors built to operate at 
0.8 power factor have somewhat higher 
starting, pull-in, and pull-out torques, but 
are larger physically and more expensive. 


Operation 
In a de-excited synchronous motor, the 
rotating magnetic field of the stator wind- 
ing consists of a series of consecutive 
north and south magnetic poles. The ro- 
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tor is built with the same number of poles 
as the stator, and an external source of 
direct current is connected to the rotor 
windings through slip rings. A flux of 
fixed position relative to the rotor is thus 
produced. 

Frequency, number of poles, and speed 
are related to each other by 

120f 


PP perce i 


N 


where S=speed, rpm; f=line frequency, 
cps; and N=number of poles. For 60- 
cps input power, this becomes 


7200 
S= 





For a given pole configuration, the only 
way to change the speed is to change the 
frequency of the power supply. 

As synchronous seed is approached, slip 
between rotor poles and the rotating mag- 
netic field becomes very small, since the 
rotating field flux moves very slowly past 
the rotor poles. After the rotor has been 
accelerated to a speed near that of the 
rotating stator flux—approximately 95 per 
cent of synchronous speed—direct current 
is introduced into the rotor field windings, 
and the rotor magnetically locks into step 
and continues to run as a synchronous 
motor. If the de current is applied be- 
fore the rotor reaches synchronous speed, 
the rotor may not synchronize, resulting 
in severe vibration and high pulsating 
input current. 

With both stator and rotor poles locked 
together magnetically, the rotor will rotate 
at the synchronous speed of the stator 
field continuously. When the motor is 
loaded, the rotor poles shift slightly back- 
ward in position with respect to the stator 
poles, and the motor continues to operate 
at synchronous speed. The rotor will stay 
in step until enough restraining force (re- 
tarding torque) is applied to overcome the 
polar attraction. At that point, it will 
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Fig. 3—Torque com ts and resulting torque derived 
Speed (per cent of synchronous) from the field winding of a synchronous motor during 
starting. 


pull out of step and stall. 

Direct-current-excited synchronous mo- 
tors are accelerated to full speed as an in- 
duction motor. A starting winding, called 
the amortisseur winding, is embedded in 
the rotor poles. This winding is similar 
to the squirrel-cage winding of an induc- 
tion motor. Both induction and synchro- 
nous motors develop starting and initial 
accelerating torque by means of a force 
interaction between the stator field and 
the rotor squirrel-cage conductors. 

Thus, the synchronous motor starts from 
rest and accelerates to full speed as an 
induction motor. The speed-torque char- 
acteristic of a synchronous motor during 
acceleration is approximately the same as 
the speed-torque characteristic of a similar 
squirrel-cage induction motor. 


Motor Torques 


Torque may be considered from two 
standpoints—the turning effort developed 
by the motor, or the resistance to turning 
effort exerted by the driven load. Motor 
torques are usually expressed as a per- 
centage of full load. A synchronous mo- 
tor has many important torque interrela- 
tionships which determine the ability of 
the motor to start, accelerate, pull into 
step, and drive the connected load through 
anticipated peak loads within its design 
limits. These torques may be described 
as: 

1. Starting torque: Breakaway torque at 

instant of starting. 

2. Accelerating torque: Torque developed 
from stand-still to pull-in speed. 

3. Pull-up torque: Minimum torque 
developed between stand-still and 
pull-in. 

4. Pull-in torque: Torque developed 
during transition from slip speed to 


synchronous speed. 
5. Synchronous torque: Steady-state 
torque developed during operation. 
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Fig. 4—Effect of ratio of field-discharge resistance to field 
resistance on starting and pull-in characteristics. 


6. Pull-out torque: Maximum steady- 
state torque developed by the mo- 
tor, for one minute, before it pulls 
out of step from overload. 


Starting and accelerating torques are 
closely related, and are a cummulative 
result of the torque produced by the 
amortisseur and field windings. 

The amortisseur winding develops most 
of the starting and accelerating torque. 
This winding consists of a partially dis- 
tributed caye winding, having bars im- 
bedded in the pole faces, and short cir- 
cuited at esch end by end rings. Vary- 
ing the number, location and resistance 
of these bars has a significant effect on 
torque and kva input. Sometimes, a 
double cage, consisting of one row of 
shallow bars and one row of deep- 
set bars, is used. These bars may be 
Separate, or they may have common 
end rings. When a double-cage amor- 
tisseur winding is used, a uniformly high 
value of starting and accelerating torque 
is required. A shallow cage provides 
high resistance and low reactance, while 
a deep cage provides low resistance and 
high reactance. At standstill, when slip 
frequency equals line frequency, the high 
Teactance of the deep cage forces most 
of the induced current to flow through 
the shallow-cage high-resistance bars, re- 
sulting in high starting torque. Fig. 2 
illustrates the resultant torque using this 
type of construction. 

The field winding of a synchronous 
Motor develops a torque similar to that 
of a wound-rotor motor with a single- 
Phase secondary circuit. This single- 
Phase characteristic results in two torque 
fomponents. The first rotates in the 
fame direction as the rotor, and the 
cond rotates in the opposite direction. 
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The second component is positive in 
value to 50 per cent speed and negative 
from that point to pull in. Fig. 3 shows 
torque components and resultant torque 
derived from the field windings. A mo- 
tor with a squirrel cage having low 
accelerating-torque characteristics, is not 
able to accelerate much past half-speed 
because of the dip in torque from the 
negative rotating component. 

During starting and acceleration, the 
field winding is short-circuited through 
a field-discharge resistor. The ratio of 
this resistance to the field resistance has 
a significant effect on starting torque, 
torque at pull-in, and starting kva, Fig. 
4, Field-discharge resistance affects the 
negative rotating component of the field 
winding torque, and a high value of re- 
sistance may reduce it considerably. How- 
ever, a high field-discharge resistance re- 
sults in a high induced voltage across 
the collector rings. In extreme cases, as 
in opea-circuit tield starting (infinite re- 
sistance), induced field voltage may ex- 
ceed 25 times the normal excitation volt- 
age. 


Pull-up torque is the minimum torque 
developed from standstill to the pull-in 
point. This torque must exceed load 
torque by a sufficient margin so that 
a satisfactory rate of acceleration is main- 
tained from standstill to pull-in under 
normal voltage conditions. 

Net accelerating torque is the margin 
by which the motor torque exceeds the 
load torque from standstill to the pull- 
in point. 

Frequently, in the case of high-inertia 
loads, the starting time must be de- 
termined so proper relaying acti. of 
over-current relays, amortisseur-winding 
protective relays, etc., can be obtained. 


Fig. Pr, sp relationship between load inertia and maxi- 
or pulling into step. 


A method -for determining approximate 
accelerating time from standstill to pull- 
in point is illustrated in the section on 
Determining Approximate Accelerating 
Times . . 


Pull-in torque of a synchronous motor 
is the torque that it develops when pull- 
ing its connected inertia load into 
synchronism upon application of excita- 
tion. Pull-in torque is developed during 
transition from slip speed to synchronous 
speed, as the motor changes from induc- 
tion to synchronous characteristics and op- 


eration. It is usually the most critical peri- 5 


od in starting a synhronous motor. The 
torques developed by the amortisseur and 
field windings become zero at synchron- 
ous speed. ‘Therefore, at pull-in point, 
reluctance torque and synchronizing torque 
are provided by exciting the field wind- 
ings with direct current. 


Reluctance torque results from the 
saliency of the rotor pole pieces and 
has an influence on motor pull-in and 
pull-out torques. The unexcited salient- 
pole rotor tends to align itself in a posi- 
tion relative to the stator magnetic field 
so that the magnetic reluctance is a 
minimum. Below synchronous speed, a 
pulsating torque, called reluctance torque, 
is developed, with a net average value 
of zero, and having a frequency equal 
to twice the slip frequency. This torque 
may lock a lightly loaded rotor into 
step and develop approximately 30 per 
cent pull-out torque. 


Synchronizing torque consists of the 
accelerating torque, and the de field 
torque after excitation is applied, and 
is the total torque developed by the 
motor during transition from operation as 
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a squirrel-cage induction motor to 
equilibrium speed as a synchronous mo- 
tor. Neglecting the influence of reluct- 
ance torque, the value of slip from 
which the motor will pull into step may 
be expressed as 


1 y PC 
8 = — 
8 WK 


where s = slip, per cent of synchron- 





ous speed; WK* = inertia of motor 
rotor plus load inertia; P = power, hp; 
and C = constant, taking into account 
such factors as efficiency, power factor, etc. 
For a typical motor the relationship be- 
tween slip and inertia is shown in Fig. 5. 


Synchronous torque is the torque de- 
veloped after excitation is applied, and 
represents the total steady-state torque 


* 


available to drive the load. It reaches 
maximum at approximately 70 degrees lag 
of the rotor behind the rotating stator 
magnetic field. 


Pull-out torque is the maximum sus. 
tained torque which the motor develops 
at synchronous speed for one minute, 
at rated frequency and normal excita. 
tion. Normal pull-out torque is usually 
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Determining Approximate Accelerating 





To determine approximate accelerating time from stand- 
still to pull-in point, the following procedure is used. 

Assume a 600-hp, 900-rpm motor having a torque as 
shown, driving a centrifugal fan starting with closed dis- 
charge and having a no-load torque curve as shown. Total 
WK? of the motor rotor and of the fan is 29,770 Ib-ft?. 

First, determine full-load torque from 


5250P 
8 


= 3500 lb-ft 


where T; = full-load torque, lb-ft; P = motor size, hp; and 
S = synchronous speed. 

The net accelerating torque is determined by subtracting 
ordinates representing the load torque from the motor torque 
at intervals of 10 per cent in speed, starting at 5 per cent 
of synchronous speed and continuing to 95 per cent speed. This 
information is tabulated in the first five columns of Table 1. 

The time for each increment of speed is determined by: 


_ (WK?) (48) 
a 308 T,, 


where t = time, sec; WK? = total flywheel effect, Ib-ft?; 
AS = increment of speed, rpm; and Tn = net accelerating 
torque, lb-ft. 

The amortisseur winding must absorb energy, in addition 
to that required to overcome the load torque, equivalent to 
the energy in the rotating mass. Since copper and copper- 
alloy bars lose strength rapidly with increased temperatures, 
it is important that means be provided for transmitting as 
much heat as possible into the pole body and also that 


,= 


the heat absorbed should not overheat the amortisseur wind- 
ing. Quantitatively, the energy absorbed in accelerating a 
rotating mass is ’ 
0.231( W K2) 82 
(1000)2 

where H = heat, kw-sec; WK? = total flywheel effect of 
motor and driven load, Ib-ft?; S = speed, rpm. 

The energy absorbed in the rotor, due to inertia, in bring- 
ing the unit to 95 per cent of synchronous speed is 

0.231 (29,770) (855)? 
106 


= 5020 kw-sec 





x= 





Some types of load, such as ball mills or rubber mills 
have very low inertias, but their load torque may approach 
that developed by the motor. The rate of acceleration would 
be correspondingly low. Flour mills and large fans may 
have both high inertias and appreciable torque requirements. 
In such cases, it may be desirable to determine the total 
energy input to the rotor, both as a result of accelerating 
the inertia and of overcoming the load torque. Since all 
the torque developed by the motor must either accelerate 
inertia or overcome load torque, and since slip loss is a 
function of this torque and of slip, it is readily possible 
to determine this energy input. 

Referring to Table 1, the total accelerating time for this 
example is approximately 31 seconds. A sufficiently accurate 
result for slip loss can be arrived at by averaging the values 
at 3-second intervals. Assuming that the speed at the end 














Table 1——Determination of Increments of Accelerating Time 
——— -Net Accelerating ———— 
Speed Motor ue Fan Torque Accelerating 
(per cent of (per cent of (per cent of (per cent of Time 
synchronous) full-load torqus) full-load torque) -load ) (ib-ft) (sec) 
5 86 5 81 2840 1.46 
15 88 3 85 2980 2.78 
25 91 6 85 2980 2.78 
35 93 10 83 2920 2.84 
45 97 4 83 2920 2.84 
55 99 19 80 2800 2.96 
65 102 25 77 2700 3.08 
7 104 32 72 2520 3.30 
85 104 40 64 2240 3.80 
95 100 50 50 1750 4.75 
Total accelerating time — 30.59 
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150 per cent of full-load torque for unity 
power-factor motors, and 200 per cent 
to 225 per cent for 0.8 leading power- 
factor motors. It can be increased by 
increasing the field strength. This is 
ysually done by increasing the short- 
circuit ratio, and frequently the air gap. 
Any sudden increase in load is accom- 
panied by an increase in lag angle of 
the rotor and a corresponding increase 


in line current. Because of tranformer 
action, a transient increase in excitation 
and pull-out torque result. This in- 
creased torque disappears after a few 
cycles, and is only effective for in- 
stantaneous peaks. However, the change 
in excitation can be used to “trigger” 
an increase in excitation voltage, thus 
tending to maintain the value of excita- 
tion established by transformer action. 





3—SYNCHRONOUS MOTORS 
The reactance of the motor windings 
determines the amount of increase in ex- 
citation current and pull-out torque. Fig. 
6 illustrates this effect for a typical mo- 
tor. 









Starting Methods 


A synchronous motor, either single- 
phase or polyphase, cannot start itself 
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Times and Starting Losses 


of the first 3-second interval is 10 per cent, the average net 
accelerating torque is 81 per cent, (from the motor and load 
torque curves). 

Transposing the accelerating-time equation, 

308 tT, 

WE 


48 = 


= 88 rpm 


which is 9.8 per cent of synchronous speed. The average 
slip, sa, is then 


8, = 900 — 88/2 
= 856 rpm 
The slip loss power, P, is then 
27 867 2 
~ 33,000 
= 489 hp 


Note that slip loss is proportional to average slip and to 
average motor torque (not net accelerating torque) for each 
3-second interva! considered. 

In similar fashion, approximate average speed, slip, and 
slip loss may be determined at 3-second intervals. These 
results are tabulated in Table 2. 

Total rotor loss is therefore 3 X 2860 X 0.746 = 6400 
kw-sec. Since it was previously determined that the loss due 
to accelerating the inertia was 5020 kw-sec, the additional 
loss due to load is 6400 — 5020 = 1380 kw-sec. 

In some cases, the speed of the driven unit will differ 
from that of the driving motor. All WK? values used in 


determining accelerating time or energy absorption must be 
effective values referred to the motor speed. 


82? 


1 


= 


where: WKi? = flywheel effect referred to the motor shaft 
speed, Ib-ft?; W/K2? = interia of driven machine, lb-ft?; S: = 
motor shaft speed, rpm; Se = speed of load shaft, rpm. 


WK.2 = WE,? 












































100 FeTry 
crit 
re a Motor torque | 
ZS 0 as ae en 
= l 8 i SS l 
e Ep ey tab 7 Labs 
~ el Ft bo hlinted |_| 
es 2s a wai He 
5 | | | 
8 aol { | | | | I j Vy 
vu | | = T t  oteS | “4 
| Wio-lond tora 
“Rese Wk 
g fee ep Wea Fe 
5 20 | + 4 
- | | | 
°% 20 40 60 80 100 
Speed (per cent of synchronous) 











Motor and load torques for a centrifugal fan, illustrating 
method for determining accelerating time of motor. 




















Table 2—Determination of Slip Losses 
Average Net ———— Durfag Three-Second Interval 
Elapsed Accelerating Final Average Average Average Total 
Time ue Speed Speed Slip Torque Slip Less 
(sec) (lb-ft) (rpm) (rpm) (rpm) (Ib-ft) (np) 
3 2830 88 44 856 3010 489 
6 2980 180 134 766 3080 450 
9 2980 272 226 674 3180 408 
12 2910 362 311 589 3260 365 
15 2870 450 406 494 3390 319 
18 2800 538 494 406 3460 267 
21 2700 622 580 320 3570 218 
pz) 2520 700 661 239 3640 166 
27 2240 770 735 165 3640 114 
30 2030 














1961 Edition 









DESIGN DATA 









































8 300 

2 ~— Transient torque is Be g 
av 
+ BS —_— Z i 
o§ 200 f 8 - Fig. 6 — Transient 
s 2 ‘Steady state Senn ‘bower factor pay O. pullen: scene of 
re —_ RS thos a evacheonows mo- 
25 Steady state pull-out torque 1.0 tor. s torque is 
Oe wo power factor motor influenced by re- 
=§ actance of the mo- 
ae | tor windings. 

S 0 

a ‘0 2 4 6 s 10 1216 

Time (cycles) 








without being driven, or having its rotor 
connected in the form of a self-starting 
motor. Since the field is rotating at 
synchronous speed, the motor must be 
accelerated before it can pull into 
synchronism. Accelerating from zero 
speed would require slip until synchro- 
nism is reached. Therefore, separate start- 
ing means must be employed. 

In the fractional-horsepower sizes, self- 
starting designs common to induction mo- 
tors are used. These include split-phase, 
capacitor-start, repulsion-start, and shaded 
pole. Motors employing these starting 
methods automatically switch to syn- 
chronous operation due to the electrical 
characteristics of the motor. 

Although the dc-excited synchronous 
motor has a squirrel cage for starting, 
the inherent low starting toque and the 
need for a de power source for excita- 
tion require a starting system that will: 
1. Provide full motor protection while 
starting. 2. Apply dc field excitation 
at the proper time. 3. Remove field ex- 
citation upon rotor pull-out. 4. Pro- 
tect the squirrel-cage winding against 
thermal damage under out-of-step condi- 
tions. Several methods that meet these 
requirements are used for starting dc- 
excited synchronous motors, Fig. 7. 


Full-voltage starting, due to its ex- 
treme simplicity, is used wherever pos- 
sible. On some high-starting-torque ap- 
plications, increment starting, employing 
part-winding, reactor, or resistor, is used. 
The motor need not start on the first 


step, and additional torque increments 
are successively applied until the motor 
starts and accelerates. The motor will 
pull into synchronism on application of 
excitation to the rotor field winding. 
Application of excitation at the proper 
speed and phase angle is governed by the 
type of starting method. Most low-speed 
synchronous motors can be started by 
direct connection across the line. High- 
speed motors require a reduced-voltage 
starting method. 


Full-voltage starting is the simplest 
starting method and requires the least 
amount of time to accelerate the motor 
up to operating speed. Also, no complex 
control equipment is needed—thus, it is 
an economical method. However, full- 
voltage starting produces high mechanical 
stresses due to the sudden application of 
maximum starting torque. This method 
should not be used in applications where 
the driven machine, or method of 
coupling, may be damaged by the result- 
ant high shock load. 


Part-winding starting may be used with 
motors having a multiple-winding pri- 
mary circuit. This is a full-voltage 
starting method, except that voltage is 
applied to only one winding during the 
initial starting operation. As the motor 
accelerates, additional windings are en- 
ergized until the full winding is in use. 
The starting current and torque are low, 
and full-load torque is built up in two 


or more successive steps, depending or, the 
motor design. Control is accomplished 
through simple switching. 


Autotransformer starting is a reduced. 
voltage starting method in which a volt- 
age less than line voltage is applied to 
the motor. This method is often used 
with high-speed synchronous motors 
started at 65 per cent of line voltage, 
Reduced-voltage starting limits starting 
current in direct proportion to the re 
duction in starting voltage. 

Autotransformer starting is generally 
limited to two steps of starting. One 
tap on the winding provides the re 
duced voltage, and the entire winding is 
bypassed on application of full voltage. 

When the voltage is changed from the 
reduced starting voltage to the full run- 
ning voltage, high line surges may occur 
due to transients generated by the high 
reactance in the circuit. 


Reactor starting is a reduced-voltage 
starting method obtained by placing a 
series reactor in each phase of the power 
supply. This is usually a two-step meth- 
od in which the reactors are shorted 
out after the motor accelerates. During 
acceleration, the motor current decreases, 
and voltage drop across the reactor de- 
creases, thus increasing the voltage at 
the motor terminals. Reactor starting has 
the advantage of simplicity, but gives 
low starting torque per kva drawn from 
the line. 


Resistor starting is occasionally used for 
smaller motors on low-voltage networks 
where several steps of starting are re 
quired. ‘Tapped resistors are inserted in 
each phase of the power supply to ob 
tain reduced voltage. Sections of the re- 
sistors are successively shorted out until 
full voltage is applied to the motor ter- 
minals. This is a voltage drop method, 
and the starting torque is reduced by the 
ratio of motor terminal voltage squared to 
line voltage squared. It is used where 
several steps of starting are required with- 
out opening the motor circuit between 
s*eps. 
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Fig. 7—Starting methods for synchronous motors. 
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3—SYNCHRONOUS MOTORS 
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Fig. 8—Leading reactive kva in per cent of motor horsepower for synchronous motors at 
part load and at various power factor ratings. Solid lines are on reduction in excita- 





tion, at overload, to maintain ra 


rated excitation to maintain rated pull-out torque. 


Power-Factor Correction 


De-excited synchronous motors, operat- 
ing at either unity or leading power 
factor, will improve the power factor 
of loads consisting principally of induc- 
tion motors. The resultant power factor 
will depend on various conditions. 

In many cases, motors are operated on 
cyclic duty where they will be operated 
at substantially less than rated load for 
considerable periods of time. In the case 
of induction motors, this is usually de- 
trimental to power factor since the lag- 
ging reactive kva component decreases 
only slightly with decrease in load, while 
the kilowatt component decreases almost 
in direct ratio to the load. This results 
in a high ratio of reactive kva to kw 
and a low power factor at light loads. 

However, a synchronous motor will 
Operate at a lower leading power factor 
and deliver more leading reactive kva at 
part load, if the excitation is unchanged, 
than it will at full load. This is an 
important and valuable characteristic and 
is often made use of on cyclic loads. 

In some cases it may be desired to 
calculate the reactive kva at some known 
load and power factor: 


WI Edition 


0.746 P 
R = ———- v1- 
oF . 
where R = Power, reactive kva; P = 


power, hp; » = operating efficiency; and 
F = power factor. 

Occasionally, synchronous motors may 
be operated at part load for considerable 
periods of time, and it is desirable to 
estimate the power-factor correction avail- 
able under those conditions. 

From the curves in Fig. 8 it is possible 
to determine the approximate leading 
kva in per cent of rated horsepower for 
various conditions of load and for motors 
designed for various power factor values 
at full load. For instance, a 250-hp, 
0.8 power factor motor operating at 100 
per cent load will deliver approximately 
60 per cent of its horsepower rating, or 
250 x 0.6=150 leading reactive kva to 
the system. 

In each case, the motor is considered 
operating at full rated excitation from 
zero” to 100 per cent load. Above 100 
per cent load, the excitation is reduced 
to maintain full rated armature amperes. 
If the excitation is not reduced, the mo- 
tor will draw much more kva and de- 
liver more leading reactive kva. However, 
the rated stator amperes will be exceeded 


ted full-load amperes. Dashed lines represent values with 


and the motor will overheat. 

Pull-out torque is reduced with re- 
duction in excitation. Handiing oc- 
casional peak overloads may require full 
excitation. The reactive kva will then 
be as shown by the dashed lines. 

Synchronous motors are built at unity 
or leading power factor, and with good 
efficiencies as low as 72 rpm. 

Leading power factor motors are less 
efficient than unity power factor mo- 
tors. Whether they should be used de- 
pends on the necessity for power-factor 
correction. One exception is that of 
motors requiring exceptionally high start- 
ing, pull-in or pull-out torques. In such 
cases unity power factor designs are often 
unbalanced, and leading power factor mo- 
tors should be used unless overcorrection 
of power factor would result. 

Induction motors require from 0.3 to 
0.6 reactive magnetizing kva per hp of 
operating load. Synchronous motors with 
0.8 leading power factor will deliver from 
0.4 to 0.6 corrective magnetizing kva 
per hp, depending on the mechanical 
load carried. Equal amounts of con- 
nected horsepower in induction motors 
and 0.8 leading power factor synchronous 
motors will result in approximately unity 
power factor. 
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Fundamentals 


Direct-Current Motors 








UNDAMENTALLY, the de motor is 

an ac machine with a commutating 
device. Direct-current motors are in- 
herently adjustable-speed machines, and 
only minimum considerations are neces- 
sary, in their design or use, to take im- 
portant advantage of this feature. 


Motor Construction 


The basic de motor consists of a frame 
and an armature, Fig. 1. The frame 
consists of field poles and a main struc- 
ture, often called the yoke. The frame 
is not only an important part of | the 
magnetic circuit, but usually forms the 
support for the brush rigging and bear- 
ings. The field poles and windings pro- 
duce the flux which flows through both 
the frame and the armature. 

The yoke is constructed of cast steel, 
or of steel plate which is formed, fabri- 
cated, and welded. The feet or other 
provisions for mounting the machine are 
either attached to, or an integral part 
of, the yoke. The field poles, usually 
built up of laminated steel, are bolted to 
the yoke. Most modern motors in indus- 
trial use have either four or six field 
poles. Many modern motors have addi- 
tional smaller field poles, called interpoles. 
These poles and their windings are pro- 
vided to improve commutation and to 
avoid excessive sparking at the commuta- 
tor. Hence, these are often referred to 
as commutating poles. 

The other major part of the motor 
is the armature. The complete armature 
consists of a shaft, a core, a winding, 
and a commutator. This assembly is the 
rotating part of the motor, and it revolves 
within the yoke and poles of the frame. 

The armature core is laminated steel, 
made up of « large number of slotted 
thin discs, or rings, which are tightly 
clamped together and assembled onto the 
shaft. The armature core is a portion 
of the magnetic circuit and essentially 
completes the path through which the 
field flux travels. The armature winding 
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produces the torque in the motor. 

The other major portion of the com- 
plete armature is the commutator. In 
effect, it is a mechanical polarizing de- 
vice. It insures that the flow of current 
through each path of the armature wind- 
ing is in the proper direction at each 
instantaneous position of the armature. 

The brushes provide the electrical con- 
nection between the power supply and 
the rotating armature. Because of this 
relative motion, contact is made through 
a sliding connection. Brushes, usually of 
a carbon composition, must be properly 
selected and positioned to give proper 
operating characteristics and reasonably 
long life. 


Motor Types 


From a characteristic and application 
standpoint, de motors are classified ac- 
cording to their type of field winding. 





Fig. 1—Basic construction of a de motor. 


There are three types: Shunt wound, series 
wound, and compound wound. The op 
erating characteristics of these three types 
differ, and are described separately. 
However, regardless of the type of 
winding, certain electrical relationships 
remain the same. These can be expressed 
as mathematical equations, Table 1. 


Motor Operating 
Characteristics 


Shunt Motors: In the shunt motor, the 
field winding employs the line voltage, 
or some other constant-potential supply, 
as its source of supply. Therefore, the 
field excitation is independent of the cur- 
rent flowing through the armature of the 
motor, so that essentially the field is con- 
nected in parallel to, or in shunt with, 
the armature circuit. Hence, the expre- 
sion shunt motor reflects the method o 
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T = Torque, lb-ft 

¢@ = Field flux, lines per sq in. 
S = Speed, rpm 

E = Supply voltage, v 

I, = Armature current, amp 


R, = Amature resistance, ohms 
P = Output power, hp 
E,,K2 = Motor constants 


Table 1—Basic Dc Motor Equations 
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(2) 


(3) 

















field connection. 

In modern motor design, many shunt 
motors include a low-effect series-type 
winding, called the commutating field. 
This winding, which may have only one 
or two turns, is physically on the, inter- 
poles of the magnetic structure and is 
dectrically connected in series with the 
armature winding. Its purpose is to im- 
prove the commutating characteristics of 
the motor. 

In addition, many modern shunt motors 
also include another low-effect series wind- 
ing usually called the stabilizing winding. 
This winding is placed on the main 
field poles with the shunt winding and 
is connected in series with the armature 
circuit. Its principal purpose is to help 
stabilize the running characteristics of the 
motor. 

Both of these auxiliary windings are 
uwally of only one or two turns, but 
Since they must carry the armature cur- 
tent, the wire used must be of an ap- 
Propriately large size. Both windings have 
such a comparatively small effect on the 
application characteristics of the motor, 
that their presence can often be ignored 
in the application of control equipment. 

The main shunt-field winding is de- 
tigned to keep field current at a relative- 
ly low value, usually less than 5 per 
cent of the armature full-load current. 
Consequently, to produce sufficient field 
Strength, the field is wound with a large 
—¥ of turns of small wire. As a 

the field winding is highly in- 
ductive. 


If the field circuit is interrupted, the 
induced voltage at the terminals of the 
field can rise to such a value that the 
insulation of the field coil windings can 
be punctured or damaged. To limit this 
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discharge voltage to a safe value, a dis- Series Motors: As its name implies, a 
charge path is usually provided to absorb series motor produces its field flux by a 
the energy stored in the inductive field | winding which is in series with the arma- 
circuit. This requirement is conven- ture of the motor. Therefore, the field 
tionally included in the control equipment winding need only consist of a compara- 


functions. 

Because the field current (and field 
flux) is independent of armature current, 
the shunt motor is very flexible and is 
well suited for general use. Changing the 
strength of the shunt field produces a 
change in the speed of the motor. To 
maintain good running stability and a 
reasonable amount of running torque, the 
speed range of the shunt motor is usually 
limited to about 4:1. 

The shunt motor also tends to main- 
tain its running speed even though its 
connected load requirements may increase 
or decrease considerably. 

The most important limitation in the 
use of the shunt motor is its moderate 
starting torque. Therefore, it is not too 
suitable for high-inertia load applications. 

General operating characteristics of 
shunt-wound motors are shown in Fig. 2. 
These graphical representations of the 
characteristics of shunt motors are useful 
for predicting motor operation. However, 
equations in Table | are very applicable to 
the shunt motor, and often are used 
when actual calculations are required. 


tively few number of turns of wire to 
provide the necessary field flux. The wire, 
however, must be large enough to carry 
the armature current without overheating. 
In the case of large motors, the series 
field is usually wound with square or 
rectangular conductors. Such construc- 
tion results in a rugged mechanical as- 
sembly, and in many ways the series 
motor is structurally the simplest type. 


from basic motor design 
Usual practice is to work 
curves, such as Fig. 3, when the 
arises. 

At light load, the speed of a 
motor can easily become excessive, 
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at very light load, the motor may reach 
a dangerous or “runaway” speed. There- 
fore, the series motor must not be used 
on any application where the connected 
load can become very small, or be lost 
entirely. 

Another limitation to the application 
of the series motor is that the speed range 
cannot be adjusted by practical means. 
In this regard, it cannot be considered a 
flexible motor. Fig. 3b indicates how 
widely speed varies with a change in 
armature current or load. 

However, one important and useful 
characteristic of a series motor is its torque 
response, Fig. 3a. It is ideally suited to 
drives which require high starting torque, 
as would be encountered on cranes and 
other types of machinery having high- 
inertia load characteristics. 

The typical curves, Fig. 3, are very 
useful, since, in most cases, it is not prac- 
tical to use a completely mathematical 
approach to analyze the response charac- 
teristics of the series motor. 


Compound Motors: The compound- 
wound motor is a combination of the 
shunt-wound and the series-wound motor, 
in that field flux is supplied both by 
a shunt winding and by a series winding. 
The proportion of the total flux sup- 
plied by each of the windings is not a 
fixed or “standard” value. Depending 
upon the expected use of the motor, the 
series field at full load usually produces 
40 to 75 per cent of the total field flux. 
A ratio of 50 per cent is used in many 
motor applications. As might be ex- 
pected, characteristics of the compound 
motor lie somewhere between those of 
the shunt motor and a series motor, Fig. 
4. 

The compound-wound motor is com- 
monly applied where a fairly large start- 
ing torque is required, but where con- 
stant speed with varying loed is not a 
necessity. Since it does have a shunt 
field, its speed can be adjusted, although 
the range of adjustment is quite low and 
rarely exceeds 11/:1. 

Many of the motors in general indus- 
trial use might be called special cases 
of the compound motor—usually described 
as lightly compounded. In these motors, 
the portion of the total flux produced in 
the series field usually ranges from 10 to 
25 per cent. The curves of Fig. 4 are 
useful to avoid the rigorous calculations 
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motors: 4, superimposed current vs torque curves; 


curves. 


which are not very practical for the com- 
pound motor. 


Comparison of Characteristics: For com- 
parison and reference, composite curves 
for shunt, series and compound-wound 
motors are shown in Fig. 5. These curves 
are of interest in making a direct com- 
parison of the corresponding characteris- 
tics of the three types of dc motors. 


Motor Standardization 


NEMA has developed standards per- 
taining to general-purpose and industrial 
dc motors, and these standards are in- 
cluded in NEMA Publication Number 
MG 1-1959. 

Among the more important standards 
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applicable to dc motors are: 

1. Horsepower and voltage ratings. 

2. Base speed and corresponding maxi- 

mum allowable speed. 

3. Frame-size numbers and correspond- 

ing dimensions. 

4. Speed regulation and variation limits 

5. Temperature-rise limits. 

6. Minimum withstand voltage of inm- 

sulation. 

For one definite-purpose type of mo 
tor—specificaliy classed as “Mill Motor”— 
the Association of Iron and Steel Engi- 
neers (AISE) has formulated standardized 
mounting dimensions and ratings. These 
are published as AISE Standard No. |. 
This type of motor is widely used in 
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steel and other heavy industries, princi- 
pally on mill auxiliary drives, and cranes. 
This standard does not in any way con- 
flict with NEMA MG 1-1959. 


Reduced-Speed Operation 

In some applications, the motor must 
operate at a speed less than its rated 
or base speed. Since this is not pos- 
sible within the motor itself, lower than 
base speed operation must be produced by 
some method external to the motor. 

If the voltage applied across the arma- 
ture is less than the normal voltage, the 
motor will run at lower than normal 
speed, Equation 2 in Table 1. Armature- 
shunt operatior. is one method for reduc- 
ing armature voltage. Shunt and series 
resistors are used in the armature circuit, 
Fig. 6. 

In armature-shunt operation, current 
flowing through the series resistor is the 
sum of the currents in the armature and 
in the shunt resistor. This total current 
results in a comparatively high voltage 
drop across the series resistor. Therefore, 
voltage across the armature is reduced 
below that of the line supply, and mo- 
tor speed is reduced. 

The armature-shunt arrangement is 
most often applied to the shunt or light- 
ly compounded motor. By its use, the 
motor can be run at a comparatively 
slow speed. Also, this ~icthod can pro- 
vide a slowdown before stop—useful 
where a positioned-stop is required. Al- 
though the armature-shun: arrangement 
is not very flexihic, because the speed 
will vary appreciably with the load re- 
quirements on the motor, it is useful 
and often applied. 

A similar system can also be applied 
to the series motor, Fig. 7. However, 
such an arrangement has an important 
effect on the field flux produced. The 
result is difficult to predict, and the 
Speed varies greatly with a change in 
the motor load. The principal use of 
an armature shunt on a series motor is 
to limit overspeed, rather than to reduce 
speed. 





Dynamic Braking 


If the electrical source of power were 
removed, a motor would stop as a result 
of its own friction and the effect of any 
connected load. Such a stop would not 
be quick, and could be variable—depend- 
ing upon the type of load. In many 
instances, a coast-to-stop is satisfactory. 

Another method of stopping a motor 
drive is friction braking with either mag- 
netic, mechanical, or hydraulic actuating 
means. Because of wear on the wheel 
and shoes of the brake, especially if fre- 
quent stops are required, friction brak- 
ing is not always satisfactory. 

Dynamic braking is a useful method 
for retarding a motor. This method uses 
one of the operational characteristics oi 
a motor and requires equipment that is 
comparatively simple to provide. 

When a motor is running, it is also 
internally acting as a generator. The 
voltage so produced has a polarity op- 
posite that of the power supply and, 
hence, is called the counter-voltage or 
counter-emf. If the motor is disconnected 
from the power source, the armature still 
generates a voltage with the same polarity 
as before—opposite that of the power sup- 
ply. 

Now, if a resistor is connected across 
the armature, Fig. 8, the motor acts as 
a generator, driven by the kinetic energy 
in the motor and load system, and forces 
current through the resistor. However, 
because of the polarity of the generated 
voltage, current flows through the arma- 
ture in the opposite direction as com- 
pared to the flow during the running by 
power condition. Torque created by this 
current opposes the rotation of the arma- 
ture. Thus, a retarding force is developed, 
and motor speed is reduced. 

As motor speed is reduced, generated 
voltage, current, and retarding torque are 
also reduced. Consequently, as the motor 
slows down, it is acted upon by a steadily 
diminishing retarding torque. At com- 
paratively low speeds, little braking force 
remains. When dynamic braking is used, 
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the motor stops as a result of friction 
vather than electrical retardation. 
Additional control equipment can be 
provided to reduce the value of the dy- 
namic-braking resistor in one or more 
steps as the motor slows down. Thus, 
average retarding current and torque are 
kept at a higher level. This, in turn, 
provides more effective electrical or dy- 
namic-braking action. Although this meth- 
od is used occasionally where faster de- 
celeration is required, it is usually not 


necessary. 

Dynamic braking is most conveniently 
applied to the shunt or lightly compound- 
wound motor, since there is little or no 
field flux change during the operation. 
Although it can be applied to the series- 
wound motor, dynamic braking requires 
extensive switching; and the results are 
nat too satisfactory because of the con- 
tinuous reduction of field flux. 

The application of dynamic braking re- 
quires contacts in the armature circuit 
of the motor, as included in Fig. 8. 
These contacts would normally be a part 
of the control equipment. 


Function of Control Equipment 


Few dc motor applications require only 
that the motor run. To obtain a specific 
desired performance of a machine or drive 
powered by a motor, control equipment 
is necessary. The motor provides the 
force to move the drive, but the con- 
trol determines motor performance. 

Fundamentally, contro! equipment pro- 
vides a means to start, accelerate, and 
stop a motor. Inherent in this basic 
function is also the necessity of includ- 
ing devices to provide proper protection 
to equipment and personnel. For such 
minimal purposes, the control equipment 
is classified as a starter. 

In most applications of a motor, the 
control equipment must also provide ad- 
ditional functions and features, such as 
reversing, or variation of speed. For 
such requirements, the control equipment 
is classed as a controller. 

Where a multiplicity of motors is in- 
volved in one process or operation, the 
control equipment must co-ordinate all 
of the drives by providing proper sequenc- 
ing and interlocking, speed matching, 
regulation of torque or tension, and other 
possible functions. For such applications, 
contro] equipment is often called a control 
system. 

The many virtues inherent in the de 
motor can only be utilized by the selec- 
tion and application of proper control 
equipment. Specific standards and gen- 
eral information on control equipment is 
contained in the NEMA Standards Pub- 
lication for Industrial Control, IC 1-1959. 
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CHAPTER Eyndamentals 


Driven-Machine Mechanics 








UCCESSFUL application of drives de- 

pends primarily on selecting a drive 
system whose characteristics match, as 
nearly as possible, the inherent character- 
istics of the driven load. A properly se- 
lected drive results in the lowest cost and 
optimum performance. Thus, the first 
step in any drive selection is the deter- 
mination of load characteristics—torque, 
power, speed, duty cycle, and rates of 
acceleration and deceleration. 


Work and Power 


The amount of work done; the rate of 
doing work; whether energy is stored or 
expended; and the resulting torque, speed, 
and acceleration relationships (except for 
complex transient conditions) can be de- 
termined from basic mechanics equations. 
Usually, these equations are converted to 
more usable forms. The most common 
equation for power, based on torque and 
rotational speed, is 


TN 
5250 


The equivalent of this equation in terms 
of translational speed and force is 


FS 
P=s 
33,000 


When the load to be carried by a mo- 
tor is not constant, but follows a definite 
cycle, a horsepower vs time curve, based 
on the requirements of the driven ma- 
chine, is helpful. From this curve, both 
the peak horsepower and the root-mean- 
square horsepower can be determined. 
Root-mean-square horsepower, which is 
discussed in detail later in this chapter, 
indicates the necessary motor rating from 
a heating standpoint. 

Peak horsepower required is not neces- 
sarily an indication of the required rating 
of the motor. However, where a peak 
load is maintained at a constant value for 
a period of time, the rating of the motor 
usually should not be less than this peak- 
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horsepower value. Some motors, such as 
large induction motors, operate at maxi- 
mum efficiency when loaded to full ca- 
pacity. So, if a power requirement 
peak is short and occurs infrequently, it 
may be possible to absorb the peak with 
the combined inertial energy of the mo- 
tor rotor and the driven machine. The 
decision on motor size is based on the 
probable motor-temperature rise, the re- 
quired acceleration time, and the avail- 
able motor torque. 


Torque and Acceleration 


Acceleration time is directly propor- 
tional to the total inertia and inversely 
proportional to the available torque. 

Torque: Two aspects of the torque 
problem must be considered: Starting 
torque, and running torque. Starting- 
torque requirements may vary from a 
small percentage of full-load to a value 
severe] times full-load torque. Required 
starting torque may vary, either because 
of a change in load conditions on the 
driven machine, or because of some 
change in the mechanical nature of the 
machine. This could be due to the type 
and amount of lubricant, wear of moving 
parts, etc. Such variables should be taken 
into account. 

The motor torque supplied to the driven 
machine must be more than that required 
at all points up to full speed. The great- 
er the excess torque, the more rapid the 
acceleration. 

Acceleration Time: Equations for ac- 
celeration time can be easily derived from 
the basic mechanics relationships. A con- 
venient form of the acceleration-time 
equation for rotating bodies is 


WE?(N2 — Ni) 
308 T, 
The units of this equation have been 
chosen in such a way that it is not neces- 


sary to know the moment of inertia of 
the rotating parts. However, radius of 





gyration K must be known. The term 
WKz?, therefore, is a measure of the rota- 
tional inertia expressed in lb-ft? (instead 
of the conventional Ib-ft-sec? associated 
with moment of inertia). 

Similarly, the equation for acceleration 
time of translating bodies is 


_ W(82— 81) 
1932 F, 


These equations are based on a constant 
acceleration torque. Usually, however, an 


Nomenclature 





= Acceleration, ft per sec per sec 
= Amount of effective cooling, 
per cent 

Voltage, v 

Acceleration of gravity, ft per 
sec per sec 

Current, amp 

Radius of gyration, ft 
Constant denoting increase in 
applied voltage, v per sec 
= Motor torque-current con- 
stant, lb-ft per amp 

Motor voltage-rotation con- 
stant, v per rad per sec 
W/g = Mass, Ib-sec* per ft 
Rotational speed, rpm 
Power or rate of doing work, 
hp 

Stored flywheel energy, hp-sec 
Resistance, ohms 

Motor armature-circuit resist- 
ance, ohms 

Translation speed, fpm 
Torque, lb-ft 

Mechanical time constant, sec 
Root-mean-square torque, lb- 
ft 

Acceleration torque, lb-ft 
Time, sec 

Effective cooling time, sec 
Weight, Ib 

= Angular velocity, rad per sec 
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Table 1—Acceleration Time Calculation for 
Nonuniform Torque 





Difference Moter Lead 
Speed Range Speed Torque Torque Torque Time 


Avg. Avs. 
Accel. 








Step (rpm) (rpm) (ib-ft) (ib-ft) (lb-ft) (sec) 
1 0/1000 1000 13.5 6.0 7.5 4.33 

2 2000/1400 400 15.5 6.0 9.5 1.37 

3 1400/1670 270 17.5 6.0 11.5 0.76 

4 1670/1715 45 15.7 6.0 9.7 0.15 

5 1715/1730 15 13.1 6.0 7.1 0.07 

6 1730/1750 20 10.4 6.0 4.4 0.15 
Tota! — 6.83 
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Fig. 1—Typical speed vs. torque curve for squirrel-cage in- 


ion motor. 
tions when torques are nonuniform. 


electric motor’s acceleration torque is not 
uniform during speed buildup. Therefore, 
some approximation method is necessary. 
The best and most rapid method is to 
break up the speed vs torque curves of 
the driving unit and the driven machine 
into segments, and to calculate the ac- 
celeration time for each segment, Table 1. 
With this method, total acceleration time 
can be approximated fairly accurately. 

Example: Consider the speed vs torque 
curve of a typical squirrel-cage motor, 
Fig. 1. Given a WK? of 20 lb-ft? and a 
constant friction or load torque of 6 lb-ft. 
A method for calculating the time required 
to accelerate the drive system to 1750 rpm 
is shown in Table 1. 


Flywheel Effect: Not only is the inertia 
of an electric motor conventionally repre- 
sented by the term WK?, but so is the 
inertia of most motor-driven systems. 
WK? is proportional to the distribution 
of the mass within a solid in respect to 
its axis of rotation. It is constant for any 
given solid. 

The various parts of a drive system 
(including the driving unit and load) may 
rotate at different speeds. To calculate 
the required acceleration torque for such 
a system, all rotating components must 
be reduced to a common base. The item 
of interest is usually the driving unit; 
therefore, the WK? of the various parts 
are converted to their equivalent value at 
the drive-unit shaft. 


Equivalent WK? can be found by 

N; \? 
=) 
Example: Consider a motor which 


drives a large roll through a reduction 


gear. The motor speed is 1750 rpm, the 





WK? = (Wi K;?) ( 
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Curve illustrates acceleration time calcula- 


gear ratio is 2:1, and roll speed is 1750/2 
=875 rpm. The WK® of the motor is 
10 Ib-ft?, WK? of the gear about the high- 
speed shaft is 1 Ib-ft?, and WK? of roll 
is 600 Ib-ft?. The equivalent WK? of the 
roll, referred to the motor shaft, is 600 
(875/1750)2=150 Ib-ft?. Total WK? at 
the motor shaft is 10+1-+150—161 Ib-ft?. 

If additional rolls were to be driven by 
this motor, the equivalent WK? at the 
motor shaft for each roll would be cal- 
culated and added to the total. 

Equivalent WK? of Bodies in Transla- 
tion: Bodies having straight-line motion 
are often connected to rotating driving 
units by means of rack and pinion, cable, 
or cams. The equivalent WK? at the 
drive-unit shaft for these parts can be de- 
termined from 





8 2 
WK: = w ( ) 
2a7rN 


Example: Assume a motor is geared to 
a hoist so that 1200 rpm of the motor is 


equivalent to 100 fpm at the hoist hook. 
The load to be lifted weighs 20,000 Ib. 
The equivalent WK? of the load at the 
motor shaft is 


100 2 
2a (1200) 


= 3.52 lb-ft? 


Use of Stored Energy 


In many applications, such as punch 
presses, shears, wood chippers, and fly- 
wheel motor-generator sets, heavy flywheel 
effect is used. With these systems, it is 
often convenient to calculate speed changes 
and subsequent acceleration requirements 
on the basis of the change in stored 
energy in the system. Stored energy for 
a system in rotation is 


WKE2N2 
3,231,000 
Then the change in stored energy is 


W K2 = 20,000 [ 


P; = 
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Fig. 2—Example of duty-cycle operation. This particular 


curve 


a start-run-stop-idle duty cycle. 








Fig. 3—Duty-cycle load. The amount of 
heat ia a motor is roughly pro- 
rep- 


portional to its load. Load may be 
resented in heat calculations by torque, 
current flow, or horsepower, whichever 
factor is known and convenient. 


Fig. 4—Speed vs. time acceleration curve 
for motors. Since tion torque de- 
creases as motor speed increases, the ac- 
celeration curve is an exponential. 


W K2(N,? — N;2) 
3,231,000 


Changes in machine speed resulting 
from a fluctuating load may be readily 
determined by this equation when the 
energy consumption of the pulsating load 
is known. High-inertia systems, such as 
chippers, absorb a pulsed load by allow- 
ing the system speed to decrease during 
the peak-load condition and the flywheel 
to give up stored energy to the load. In 
between the peak loads, the motor re- 
stores the speed of the system. 

The rate of change of speed during pul- 
sations is inversely proportional to the 
inertia of the system. If the connected 
inertia is high, the effect of the pulsating 
load on machine speed will be low. Ap- 
plications such as punch presses, shears, 
wood chippers, and similar machines, 
which have pulsating loads, take advan- 
tage of this flywheel effect to maintain 
constant speed. 


Pi, — Ps, = 





Duty Cycle 


Many drives— hoists, log carriages, 
punch presses, and drilling machines— 
run intermittently and with varying 
loads. When motor loads follow a fixed 
repetitive pattern over a given period 
of time, that pattern is known as the 
duty cycle, Fig. 2. When the operating 
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cycle is such that the motor operates at 
idle or a reduced load for more than 25 
per cent of the time, the duty-cycle 
should be considered. There are several 
types of duty cycles, such as: 

1. Start-Run-Stop-Idle 

2. Start-Run-Reverse-Run-Stop-Idle 

3. Run-Plug Reverse-Run 

4. Run, Continuously Varying Load 

Successiul drive application for a duty- 
cycle load requires that the motor be 
capable of delivering the torque require- 
ments of the load without excessive tem- 
perature rise. Verification that these con- 
ditions are met is accomplished by duty- 
cycle calculations. The purpose of these 
calculations is to seek a thermal balance 
which will result in the motor operating 
at or below its rated temperature rise, 
while being subjected to the varying loads 
of the duty cycle. The rated capacity of 
the motor selected on this basis is usually 
less than the peak load requirement. 

The root-mean-square (rms) method 
is usually used for duty-cycle calculations. 
With this method, any of the normal 
motor parameters—horsepower, torque, or 
current—can be used to represent the 
load om the motor. The amount of heat- 
ing in an electrical circuit is equal to 
F?R. For most motors (except squirrel- 
cage motors during acceleration and plug- 
ging) current is almost directly propor- 
tional to the developed torque, and at 
constant speed, the torque is proportional 
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to the horsepower. For accelerating loads 
and overloads on motors which have con- 
siderable droop, use equivalent horse- 
power as the load factor. : 

The factor representing the load is 
squared and multiplied by the time over 
which it is encountered. The summation 
of these various terms is representative of 
the motor loading for a given duty cycle: 


ST2t = Ty2t, + Te2te +... +' Tr? th 


Many motors are ventilated by self- 
driven, integrally constructed blowers, and 
dissipate heat at different rates at dif- 
ferent speeds. The rate of heat dissipa- 
tion at rated speed is regarded as normal 
and defined as 100 per cent. Heat dis- 
sipation of the same motor may decrease 
to 25 or 33 per cent at standstill. Motors 
which are forced-ventilated from a sepa- 
rate source have 100 per cent heat dis- 
sipation at all speeds. if the actual time, 
t, for each segment of the duty cycle is 
multiplied by the per cent effective dis- 
sipation at the motor operating speed, 
the result is defined as effective cooling 
time. The summation of effective times, 
t,, represents the amount of actual motor 
cooling during the duty cycle. 

Zt, = t10, + tee +... tan 
To find the rms load, the total motor 
loading is compared to the amount of 
cooling. This is indicated by the equa- 
tion, 
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Fig. 5—Speed vs. time curves for two typical 
‘iemsors powered by @ penesator which je just 
resents gen- 
iformly for 5 
sec. Curves B and C show how motors with 
a %-sec and 1-sec mechanical-time constant, i 
of motor B follows tor voltage by 
by 20 per cent. 


coming on the line. Curve A 
erator voltage, and builds-up 


spectively, follow the generator voltage. 
10 per cent, while C lags 


Trims = 





y 2T2t 
zt, 


In this equation, T and T,,,,, can be re- 
placed by equivalent current and horse- 
power quantities. 

Example: Assume that a 1750 rpm, 
open, de motor is to be selected for a 
conveyor drive with the duty cycle shown 
in Fig. 2. The running load is 15 lb-ft 
(5 hp at 1750 rpm), accelerating load- 
torque required is 30 lb-ft, and decelera- 
tion is by normal coastdown, Fig. 3. 

The open motor has 100 per cent ef- 
fective cooling at rated speed, 33 per cent 
at standstill, and an average of 67 per 
cent while accelerating and decelerating. 
The rms torque is 


302(1) + 157(4) +0+0 
(0.67) + 4+ (0.67) + 9(0.33) 


= 14.7 lb-ft 


This is equivalent to 4.9 continuous horse- 
power at 1750 rpm. Therefore, a 5-hp 
motor will meet the ditty cycle. Notice 
that the four starts per minute contribute 
half the total motor heating. 





Fig. 6—Speed vs. time curves for the 
Same two motors in Fig. 5, powered by a 
generator whose voltage builds-up in 10 
sec, Curve A. Curves B and C represent 
Motors with a 1/2-sec and a 1-sec mechan- 
ical-time constants, respectively. In this 
tase, motor C only lags motor B by 5 per 
cent, rather than 10 per cent. 
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For ac motor applications with a duty 
cycle, use of high-starting torque NEMA 
Design D motors and motors rated for 
intermittent duty often provides the most 
economical selection. The 15 per cent 
overload capacity (service factor) of stand- 
ard motors can be used to good advan- 
tage in quite a few duty-cycle applica- 
tions. 


Mechanical Time Constant 


Applications which require fast accel- 
eration, and also process lines where two 
or more motors are required to accel- 
erate in step (to avoid tearing or throw- 
ing loops in the process material), re- 
quire an understanding of the accelerat- 
ing characteristics of motors. 

When a motor is suddenly thrown 
across a fixed voltage, the inertia of the 
motor and system prevents immediate 
buildup of speed. The starting torque of 
the motor, acting against the inertia of 
the system, causes a certain rate of accel- 
eration. Acceleration rates of different 
motors are compared on the basis of 
mechanical time constant, T,, which is 
directly proportiona! to starting accel- 


eration rate. The time constant is the 
time in which the speed would reach 
rated value, provided that speed continued 
to change at the rate it does initially 
during a start, Fig. 4. Since neither start- 
ing torque or acceleration rate is con- 
stant during a start, the usual motor only 
reaches 63 per cent speed when the time 
equivalent to the mechanical-time con- 
stant has elapsed. 

The mechanical time constant, T,, is 
directly proportional to the connected 
inertia (WK#/g) and the armature-cir- 
cuit resistance (a portion of the applied 
voltage, IR, must be used just to cause 
rated current to flow in the armature 
circuit). T, also varies inversely with 
the torque developed per ampere of arma- 
ture current, k,, and inversely with the 
counter emf generated per radian of rev- 


olution, k,. Stated mathematically, the 
mechanical time constant is 
WK 
(==) 
g 
py 
. Tex Kee 
where 
mie T 
Behe 
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y, — 0B — 1B) 
le 2aN 
Example: A roll is driven at 1750 rpm 
by a 25-hp de motor rated at 240 v, 88 
amp, and which has an armature-circuit 
resistance of 0.148 ohm. Total WK? at 
the motor shaft is 161 Ib-ft?. The me- 
chanical time constant of the system is 
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= 0.7 sec 


Increase in Applied Voltage: If the 
voltage applied to a motor increases in 
proportion to time, such as occurs when 
accelerating an adjustable-voltage drive 
system, the speed vs time relationship is 


Ka 
o= — [ t- 71 evr) | 


v 





After the transient term disappears, 


Ke 





(t — To) 

As shown, the motor speed lags behind 
the generator voltage by the mechanical- 
time constant. If a motor had a zero 


mechanical-time constant, it would follow 
the generator voltage exactly. This would 
be the case if the system had zero inertia 
or zero motor armature-circuit resistance. 
In the former case, no torque would be 
required for speed changes, and in the 
latter case, an infinitesimal change in bus 
voltage would circulate the current needed 
to develop the required accelerating torque. 
In either case, the motor speed would fol- 
low the bus voltage without lag. Obvious- 
ly, the mechanical-time constant cannot 
be reduced to zero. Therefore, the motor 
speed will lag the gearmotor voltage, Fig. 5. 

The horizontal distance between an in- 
dividual motor curve and the generator 
voltage in Fig. 5 represents the motor 
mechanical-time constant. The vertical 
distance between the motor curve and 
the generator-voltage curve illustrates how 
far the motor speed will lag behind the 
generator voltage, if the motor acceleration 
rate is unrestrained by external means. 

If motors B and C were driving press 
rolls with paper, cloth, or steel process 
strip between the rolls, motor B would 
try to accelerate faster than motor C, 
since it has the shortest mechanical-time 
constant. This causes an increase in strip 
tension, if the strip is moving in the direc- 
tion indicated in Fig. 5. Increased strip 
tension will tend to retard motor B—and 
at the same time help to accelerate motor 
C—and therefore the system will stay in 
step. Both motors will accelerate at the 
same rate unless the tension exceeds the 
breaking point of the material. For the 
motors to accelerate together along Curve 
D, Fig. 5, the speed of motor B must be 
retarded 5 per cent and the speed of 
motor C increased 5 per cent. 

The counter emf generated by a run- 
ning motor is proportional to its speed. 
The sum of the counter voltage and the 
IR drop is equal to applied voltage. There- 
fore, if a speed drop reduces the counter 


voltage by 5 per cent, the JR drop must 
increase by an equal number of volts, 
An increase in IR drop of this magni- 
tude represents an increase in strip ten- 
sion equivalent to a full load on motor B, 
Conversely, to increase the speed of mo- 
tor C by 5 per cent requires the load on 
motor C to decrease by an amount equiv- 
alent to its full-load value. 

Operating tensions seldom exceed 25 
to 50 per cent of motor load. A 100 per 
cent increase in tension would occur if the 
accelerations of motor B and motor C 
were matched—illustrating the problems 
encountered when two motors with such 
a large difference in mechanical-time con- 
stant accelerate synchronously. 

If motors B and C in Fig. 6 were inter- 
changed with respect to the direction of 
strip flow, then the acceleration ‘of motor 
B would not be restrained by motor C, 
Each motor would follow its respective ac- 
celeration curve, allowing motor B to run 
faster than motor C, with the possibility 
of forming a loop in the strip between 
the motors. 

If mechanical-time constants of the mo- 
tors were matched, they would accelerate 
in step, with no change in strip tension 
during acceleration. 

The lag in motor speed behind a uni- 
form buildup of generator voltage, for a 
given mechanica!-time constant, is direct- 
ly proportional to the rate of generator 
voltage buildup. If the time of generator 
voltage buildup in Fig. 5 is changed to a 
10 sec period, motor C would tend to lag 
motor B only 5 per cent in speed, rather 
than 10 per cent. Then, change in strip 
tension during acceleration would be only 
half as great as it was for the 5 sec pe- 
riod. Fig. 6 shows that the longer the 
acceleration period is for a given speed 
change, the less the speed difference will 
be between motors with different mechan- 
ical-time constants. 
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CHAPTER 


Fundamentals 


Temperature Rise and Insulation 








EMPERATURE of an electric motor 

has an adverse effect on the life of 
the motor winding. Long insulation life 
and higher than rated temperature are in- 
compatible. This chapter discusses ways of 
predetermining the temperature of the 
motor winding, methods for avoiding high 
temperatures, and the types of insulation 
required for various temperature ranges. 


Insulations and Motor 
Temperatures 


The heart of a motor is the winding, 
which must be electrically insulated from 
adjacent parts. Basically, the insulation 
used consists of a coating of enamel, or 
enamel and yarn composition, applied to 
the wire conductors. The coils of conduc- 
tors or wires may be wrapped in insulating 
tape. The coils are placed in motor-core 
slots, which are lined with an insulating 
“tube” when random windings are used. 
Adjacent coils and phases of the winding 
are separated, both in the slot and in the 
end turns which project from the core. 
Finally, the entire winding—after connec- 
tions are insulated and tied—is impreg- 
nated with an insulating varnish, which 
also serves as a binder and affords me- 
chanical and moisture protection. Extra 
varnish coatings or encapsulations are used 
for additional protection. 

Component parts are subject to thermal 
degradation, or aging, which results in a 
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gradual loss of motor winding insulation. 
In time, dielectric stresses on the thermally 
weakened insulation cause a breakdown 
between the conductors or to ground. Final 
damage usually results and the winding 
life is ended. ’ 


Classes of Insulation 


The specific life which a particular in- 
sulation will have at a given temperature 
is defined functionally by its ability ‘to 
endure moisture, vibration, voltage and 
thermal aging. In a system designed to 
meet present standards, motor winding life 
is approximately 35,000 hr when operated 
at rated temperature and subjected to 
normal dielectric and mechanical stresses, 
and humidity. 

NEMA specifically defines the following 
insulation classes: Class A, Class B, Class 
F, and Class H. The temperature limita- 
tions for the various insulation classes and 
the materials commonly used in the vari- 
ous classes are listed in Table 1. A mate- 
rial listed for one class may be used in a 
lower temperature class. 

The curves, Fig. 1, show the effect of 
temperature on insulation life for three of 
the insulation classes. An important “rule- 
of-thumb” for motor insulation is indi- 
cated by these curves: The slope of the 
curves indicates that for every 10 C re- 
duction in winding temperature, the life 
is doubled, since insulation life varies 


inversely with temperature. 

Effects of temperature on winding in- 
sulation are decreased if materials that re- 
tain their insulating properties at high 
temperature are used. Hence, a Class B 
system will last approximately four times 
as long as a Class A system when each is 
operated at the same temperature. so, 
when each is operated at its rated tem- 
perature, they will have equal lives. The 
same comparisons may be made with Class 
F and Class B systems. 

Further, a Class B system will last ap- 
proximately four times as long as a Class 
A system when each is operated at the 
same temperature. Also, when each is 
operated as its rated temperature, they will 
have equal lives. The same comparisons 
may be made with Class F and Class B 


systems. 
Motor Temperature 


An electric motor in operation has a 
higher than ambient temperature that is a 
combination of the temperatures of its 
various parts. Those temperatures can be 
used as an index of the rate at which the 
insulation is aging. Since the insulation 
surrounds the winding, the winding tem- 
perature is most important. Because the 
winding is placed in slots in the motor 
core, the core temperature is of secondary 
importance to the winding temperature. 

In laboratory tests for insulation sys- 





Table 1—Insulation Materials 











Class H Systems—180 O Class F Systems—155 O Class B Systems—130 O Class A Systems—105 © 
Varnish Silicone Modified polyester Unmodified Polyester Modified Phenolic 
Epoxy Epoxy Modi Asphalt 
Modified Phenolics Alkyd Polyester 
Wire Glass yarn, silicone Modified Polyester Modified Polyester Vinyl Acetal Enameled 
varnish covered enameled enameled 
Epoxy enameled Epoxy enameled 
Enamel plus glass yarn 
se 
Accessories Glass cord Varnished glass Rag paper 
Mica flake or mica paper Laminated Kraft paper 
Silicone varnished Mica flake or mica paper Polyester 
ted glass Glass cord Acetate film 
Polyester glass Varnished cambric 
Tetrafluoroethylene resin Wood 
Fiber 
Cotton cord 
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Fig. i—Average winding life as a function of insulation temperature. 


tems, the entire coil under test is at one 
temperature and it is possible for every 
part of the coil to fail simultaneously. 
However, in actual motor operation, the 
winding operates with different parts at 
different temperatures. 


winding will fail first. This point is called 
the “hot-spot” and is usually on the axial 
center line of the core in one of the slots. 


Unless a winding is equipped with an 
embedded detector in the center of the 


32 


hottest spot, it is necessary to measure 
the winding temperature at an accessible 
point on the end turns. This measured 
temperature forms the basis for the defined 
temperature ratings. Hence, to get the true 
temperature of the hot spot, a “hot-spot” 
allowance must be added to the measured 
temperature. 

Various motor enclosures affect a differ- 
ence in hot-spot allowance. A totally en- 
closed nonventilated (TENV) motor, with 
the most uniform winding temperature, 
will have the least effect, a totally en- 
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closed fan-cooled (TEFC) motor is inter- 
mediate and an open-type motor, with 
the cooling air passing directly over the 
winding end turns, has the greatest effect. 
To illustrate, a TEFC ac motor with 

A insulation is rated 55 C temper. 
ture rise. The remaining 50 C (Class A 
=105 C) is divided between ambient 


Actual winding temperature measure- 
ments can be made by three techniques: 


Thermometer: Mercury thermometers are 
usually used as a calibration check on the 
ambient and frame thermocoupies. They 
are seldom used in ac motors for measur- 
ing winding or core temperatures, because 
of the inaccessibility of the parts and the 
difficulty in reading. When used, the 
bulb must be placed in contact with the 
core or winding surface and covered with 
a nenhardening putty to exclude the effects 
of air currents. 


Thermocouple: Thermocouples are gen- 
erally used to measure surface temperature 
of the winding and core, as well as other 
motor parts. They may be used for em- 
bedded detector measurements, but the 
expense involved in inserting them and 
the space required usually precludes this 
method. Thermocouples are placed at sev- 
eral places on the winding end turns and 
core to insure measuring the hottest por- 
tion of the surface. The tip must be covered 
and held firmly in place. Although stand- 
ards classify thermometer and thermo- 
couple methods the same, the winding 
thermocouple measurement is usually 3 
to 5C above the thermometer measurement. 


Resistance: Electrical resistance of a cop- 
per conductor varies directly with the ab- 
solute temperature. Hence, resistance is 
used in the indirect measurement of wind- 
ing temperature. After “soaking” at room 
temperature for 24 hours, a “cold” measure- 
ment of the stator winding resistance and 
a measurement of the ambient temperature 
is made. This latter measurement is usually 
verified by a winding temperature measure- 
ment by thermocouple. 

After completing the temperature test 
or heat run, the motor is de-energized, 
quickly stopped by mechanical braking or 
dynamometer braking, and a series of “hot- 
resistance” measurements are made. A 
curve of resistance is time plotted and 
extrapolated back to zero time. The value 
at zero time, unless a later reading is 
higher, is used as the hot-resistance. 

The winding temperature is obtained 
from Equation 1, Table 4. 

This method of measurement is usually 
considered the best for winding temper- 
atures. The resistance method gives the 
average winding temperature at the con- 
ductor itself. Details on motor testing and 
temperature measurement are set forth in 
ASA C50.20 and AIEE No. 500 and AIEE 
No. 551. 
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Motor Temperature Rise 


After measuring the winding and core 
temperatures during the heat run, the am- 
bient temperature during the heat run is 
subtracted to give winding or motor tem- 
perature rise. All motors are rated by tem- 
perature rise in a standard ambient. The 
standard ambient is at 40 C (104 F), an 
ambient that will seldom be exceeded in 
application. For special ambients in excess 
of 40 C, a standard motor can be used at 
reduced load or reduced life, or a higher 
temperature insulation class or special low- 
rise motor may be used. The converse of 
these techniques may be applied for a 
special ambient which is always well below 
4 C. 


Motor Temperature Ratings: Standard 
motor temperature ratings in terms of 
winding temperature rise have been es- 
tablished by NEMA. 

The basis of these ratings are, first, 
the 105 C, 130 C, 155 C and 180 C tem- 
perature limits assigned to Class A, B, F, 
and H insulations. Second, the standard 
40 C ambient allowance is subtracted from 
these limits. And third, the hot-spot al- 
lowance is deducted. The remainder is the 
allowance for temperature rise. For the 
general-purpose dripproof motor, an ad- 
ditional 10 C allowance is usually de- 
ducted for a service factor. This permits 
the motor to be operated above its rated 
horsepower, in standard ambient and at 
standard life, or in ambients up to 10 C 
above standard, at rated horsepower. 

NEMA has recently issued a recom- 
mended standard (MG 1-4.15a) which 
changes the concept of temperature ratings 
somewhat, Table 2. The temperature-rise 
ratings are based exclusively on resistance 
measurements of winding temperature rise. 
Associated parts of the motor, including 
the cores, should not exceed a temperature 
which will injure the motor. This stand- 
ard also allows a service factor greater 
than 1.0. It states that a motor operated 
at service-factor load (service factor times 
rated horsepower) must not exceed the 
rated temperature rise of the insulation. 


Nonstandard Temperature Ratings: It is 
not necessary to rate a motor by standard 
temperature rise. Special ambients may re- 
quire a special temperature-rise rating. In 
any event, the total ambient rise and hot- 
spot allowance should not exceed the limit- 
ing temperature of the insulation. 


Motor Losses 


Basically, an electric motor converts 
electrical energy into mechanical energy 
and, in so doing, incurs losses. These 
losses are converted into heat, which pro- 
duces the temperature rise of the winding 
and other motor parts. Basically, there 
are three types of motor losses. 


FR Losses: Electrical or PR losses occur 
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Table 2—Motor Temperature Rise Ratings 





Rated Temperature Rise, deg C 
Motor Types 





——Open—— ——TEFC——. ——_TENV—— 
Insulation Class B F H B F H B F H 
Total Rise 106 12 80 106 125 85 110 130 
Ambient Allowance 40 40 40 40 40 40 40 40 40 
Hot-Spot Allowance 10 10 15 10 10 15 5 5 10 














in the motor windings. Current flow I 
through the motor windings, which have 
resistance R, produces losses proportional 
to the current squared times the resistance. 
Therefore, if a motor performs with less 
current, or the windings are designed with 
lower resistance, the motor will have less 
losses and be more efficient. 


Iron Losses: Iron losses are confined 
mainly to the laminated core of the stator 
and rotor. The magnetic field, essential 
to the production of torque in the rotor, 
incurs hysteresis and eddy-current losses 
in the cores. These losses are approximately 
proportional to the magnetic-field density 
squared. 


Mechanical Losses: Mechanical losses oc- 
cur in the bearings, fans, and brushes, 
when used, of the motor. In open low- 
speed motors, these losses are small. How- 
ever, in high-speed and/or enclosed fan- 
cooled motors, these losses can be high. 

The motor user has little control over 
the iron or mechanical losses. But, proper 
control of the load or number of starts re- 
quired of the motor can control the wind- 
ing losses. 


Running Losses: Motor winding tem- 
perature is determined by estimating the 
losses for a particular load applied. 

Losses which increase winding tempera- 
ture are of primary concern. In open mo- 


tors, mechanical losses may be omitted 
entirely, but in enclosed motors, only the 
external fan losses can be omitted. 

Losses produced while the motor is 
running near rated speed can be separated 
into fixed losses, which are independent 
of the load, and losses which vary with 
the load. The fixed, no-load, or running- 
light losses include iron or core losses 


caused by the main magnetic field, bearing 


friction and internal-fan losses in an en- 
closed motor, and that portion of the PR 
losses which result from the no-load cur- 
rent. The remaining losses vary with load. 
They are approximately proportional to 
the square of the unit load. 


Speed Change Losses 


In addition te losses produced at rated 
speed, losses are produced with every speed 
change. There are two types of speed 
changes with power on: 


Acceleration may be a complete start 
from zero speed to rated speed, or a portion 
of a complete start. 


Deceleration includes a plug-stop, made 
by applying reverse rotation power to bring 
the motor from rated speed to standstill, or 
in general, applying reverse power at any 
speed. If power is not removed at or near 
standstill, the motor will accelerate in the 
opposite direction to rated speed. A com- 
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plete speed change from rated speed in 
one direction to zero to rated speed in the 
other direction is called a plug-reversal. 

A polyphase motor driven at a speed 
above its synchronous speed produces 
torque to return to rated speed when for- 
ward power is applied. In the process of 
slowing down to rated speed, some of 
the kinetic energy of the system is con- 
verted by the motor to electrical energy 
and actually supplies electrical power back 
into the electrical system. This phe- 
nomenon is called regenerative-braking. 
Regenerative braking is often used to 
retard overhauling loads, or with multi- 
speed motors, to switch from a high speed 
to a low speed without the possibility 
of the motor reversing. 

A typical speed vs torque curve is 
shown in Fig. 2. Starting at standstill, 
a, clockwise power is applied and clock- 
wise torque is produced, b. Thus, the mo- 
tor accelerates to c in the clockwise direc- 
tion. To plug-stop, clockwise power is 
removed, d, counterclockwise power is ap- 
plied and counterclockwise torque is pro- 
duced, e. The motor decelerates or plug- 
stops to f. At this point, if power is re- 
moved, the motor is at rest, a. 

However, if power is left on, the mo- 


tor accelerates in the counterclockwise di- 
rection to g and a plug-reversal from d to 
g is accomplished. Or, suppose, the mo- 
tor is operating at a clockwise speed 
greater than its synchronous speed, h, 
with a slip of —1. If clockwise power is 
applied and the external driving torque, i, 
removed, then regeneration from i back 
to d occurs while the motor is decelerating. 

During these power speed changes, the 
motor incurs friction, windage and core 
losses. However, the losses in the stator 
and rotor windings are so much greater 
that normally only the PR losses are con- 
sidered in computing heating caused by 
speed changes. 

At synchronous speed, there is no rela- 
tive motion between the rotor conducters 
and the stator field and no voltage is 
induced. Therefore, no rotor current flows. 
At other than synchronous speed, rotor 
voltage and frequency increases. The fac- 
tors which limit current flow also in- 
crease. Reactance increases proportional 
to frequency, but the rotor resistance in- 
creases at a much lower rate. Therefore, 
rotor current induced into the stator by 
transformer action increases greatly. At 
standstill, stator current is 5 to 6 times 
the current at rated load and speed in 


a NEMA Design B motor. This means 
the rate of PR losses is 25 to 36 times 
that of rated load. 


Increasing Winding Life 


If analysis of the duty cycle reveals 
that the winding life is too short, it may 
be possible to increase winding life by 
selecting one of the following alternates. 

1. Use a NEMA C or D design if load 

torque is present during starting. 

2. Use a continuous rated motor rather 
than intermittent. 

%. Select an enclosure or insulation 
treatment to combat environmental 
conditions. 

4. Select Class B, F or H insulation. 

5. Select a blower cooled motor, par- 
ticularly when the duty cycle has 
a large percentage of rest time. 

6. Select a higher hp rating. This may 
not help if the principal tempera- 
ture rise is caused by starting. 

7. Select a multispeed or wound rotor 
motor for frequent or high inertia 


starting. 

8. Finally, the duty cycle may have to 
be adjusted to reduce the motor 
temperature. 


Sample Calculations 


Calculation Checklist 


To estimate the temperature rise and 
winding life used during each duty cycle 
of an electric motor, use the following 
procedure for each cycle: 

1. Solve for full-load running losses 

(Equation 2, Table 4) 
2. Solve for running heat losses (Equa- 
tion 3, Table 4) 


3. Solve for the running temperature 
rise (Equation 4, Table 4) 

4. If frequent starts are required, cal- 
culate the temperature rise from 
starting by: 

a. Determining the rotor heat loss 
(Equation 5, Table 4) 

b. Determining the stator heat loss 
(Equation 6, Table 4) 

5. If frequent plug-stops are required, 


calculate the temperature rise from 
plug-stops. (Equation 8, Table 4) 
If the stop requires plug reversals, 
separate the plug reversals into a 
series of starts and plug stops and 
handle the plug stops separately. 

6. Correct the temperature rise figures 
for standstill or rest time (Equation 
13, Table 4) 

7. Correct the temperature rise figures 





Temperature Determination by 
Resistance 


Rn 
Th = —~ (284.5 + 7.) — 234.5 (1) 


Full-Load Running Losses 


0.746 P(1 — 9) 
Ly = : (2) 
” 





Running Heat Losses 


L, = [e + (1 — oe) PB] Ly (3) 
Temperature Rise 

T, = T, 4 

on" ° (4) 





Table 4—Equations 


Rotor Heat Loss 
Ng \2 
Er = 0.232 WK,2 ( Sistem ) x 
: 1000 
Mp, 
( 5 Tr, ) (5) 
Stator Heat Loss 
2RsE 
Es - SR (6) 





Rp, run + Rr, start 


Power Requirements of Load 
_ MiNs 
1 "5252 


Energy Loss in Plug Stop 


Altitude Correction Factor 


hg Benn (10) 


Uncorrected Life Used 


100 h, 
U. = 
[ 90 — (T.+ Ta) ] 
35,000 (2) 10 

(11) 

Environment Correction 

U. 

U, = = (12) 


29,700 + A 
33,000 








BE, = 3(£pz + Es) 
Total Energy Lost 
Er = Eg + Eg + Ey, + Ey 


(9) ot ie i Bs 
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Nomenclature 
© = Coefficient of running losses Rez, run = Rotor winding resistance at 
E, = Energy lost through running rated speed, ohms 
heat losses, kw-sec Rep, start = Rotor winding resistance at 
EZ, = Energy lost in plug stop, kw- start, ohms 
sec Rs = Stator winding resistance, 
Ez = Rotor heat loss, kw-sec ohms 
Eg = Stator heat loss, kw-sec t = Time, sec 
Er = Total energy lost, kw-sec To = Temperature cold, deg C 
h. = Time of operation for cycle, T. = Temperature rise for cycle, 
hr deg C 
KE, = Altitude correction factor T.' = Corrected temperature for 
K, = Environment correction factor cycle, deg C 
Ee = Rest time correction factor T;, = Temperature hot, deg C 
l= Power ratio, Pi/P Tr = Rated temperature rise of mo- 
ZL, = Running heating loss, «w tor, deg C 
Lyn == Full load running losses, kw t rest = Rest time, sec 
M, = Load torque, lb-ft t run = Running time, sec 
M,, = Motor torque, Ib-ft U. = Life used for cycle, per cent 
Ng = Synchronous speed, rpm eka 
P = Output of motor power, hp U.’ = Life used for cycle corrected 
P,; = Power requirement for load, for environment, per cent 
hp WE,? = Total inertia during start, Ib- 
Po = Resistance cold, ohms ft? 
Rn = Resistance hot, ohms ” = Efficiency, per cent 





for altitude (Equation 10, Table 4) 


This correction should not be made 
for altitudes below 330 ft and this 


factor is inaccurate for altitudes above 
13,000 ft 

8. Determine the life used (Equation 
1l, Table 4) 

9. Correct the life used for environ- 
ment conditions (Table 7 and Equa- 
tion 12, Table 4) 

10. Add all of the life values determined 
for each duty cycle to determine the 
total winding life used for the com- 
plete motor cycle 


Intermittent Rated Motors 

Short-time rated motors can be han- 
dled as outlined, except that the motor 
inertia must be corrected. Knowing the 
frame size of the motor in question, look 
up the NEMA horsepower rating for that 
frame size and calculate the inertia based 
on the continuous rating. For example, a 
6-pole, 30-hp, 4 hr 50 C motor in frame 
364U will have approximately the inertia 
of a 6-pole, 25-hp, continuous rated mo- 
tor in frame 364U. One other change is 
necessary. The continuous temperature 
rise of the various short time ratings is 
given approximately in Table 8. These 
ratings are never run continuously at rated 
load and the table is given as a means 
of estimating the average temperature rise 
over a cycle. The usual cycle for such 


ommended that losses and temperature 
rises be adjusted. For running losses, sim- 
ply adjust the value of c by the voltage 
ratio squared—[V (actual) /V (rated) ]?. 


Accelerations with Very High Inertias: As 
a rule of thumb, a continuously rated 
ENMA design-B motor with class-A in- 
sulation will accelerate an external inertia 
of 10 (hp rating) (1800/N,)’. 


Example Problem 


A 25-hp, 6-pole, 40-C standard open 
motor with 89 per cent efficiency and 
standard insulation must operate under 
three distinct duty cycle conditions: 1. 
After an initial start, the motor must 
operate for 1000 hr with a load of 20 hp. 
2. At the end of this period, the motor 
must operate in a cycle manner which 
consists of a start, followed by 3 min run- 
ning, followed by a plug stop, followed 
by a 1 min rest. This cycle is repeated 
continuously for 1000 hr. 3. Then the mo- 
tor must operate for 1000 hr with a 30 
hp load. 

The motor has a stator resistance of 
0.25, a rotor running resistance of 0.13 
and a rotor starting resistance of 0.37. 
During cycle 2, the motor has an average 
accelerating torque of 165 Ib-ft, with an 
inertia of 10 Ib-ft?. The motor drives a 
load with 50-Ib-ft torque during starting 


and 100 lb-ft torque while running. The 
load inertia is 20 Ib-ft?. 

During the entire operation, the mo- 
tor is to operate at 8300 ft altitude in 
an environment of abrasive, moderately 
alkaline dust condition. 

For the purpose of illustration, it is de- 
sired to determine the per cent of motor 
winding life used through one complete 
motor operation cycle. The calculations 
for each duty cycle period are performed 
as outlined in Calculation Checklist. 


Cycle 1 
Full-load running losses of the motor 
for cycle 1 (P = 25 hp and » = 0.89) 
are determined from Equation 2, Table 4. 
ieee 0.746 (25) (1 — 0.89) 
re, 0.89 
Ly = 2.305 kw 
Running heating losses for this motor 
in this cycle (c = 0.25 from Table 6, 
Ln = 2.305 kw, and | = P:/P = 20/25 
= 0.8) are determined from Equation 3, 
Table 4. 


Ly = [0.25 + (1 — 0.25) (0.8)2]2.305 
L, = 1.682 kw 


Temperature rise for cycle 1 (T = 40C, 
Ln = 2.305 kw and Li = 1.682 kw) is 
determined from Equation 4, Table 4. 


T, = 40(1.682/2.305) 
T, = 29.2C 


Correction for altitude for cycle 1 (A = 
8300 ft) is made from Equation 10, Table 
4, 





29,700 + 8300 
K, = ———-_ = 11.15 
33,000 
Therefore, the corrected temperature rise 
for cycle | is 
TT,’ = KaT1 
T,’ = 1.15(29.2) = 336 C 
Life used, uncorrected for environment, 
in cycle 1 (hi = 1000 hr, Ti = 33.6C, 
and Ta = 30C) is determined from Equa- 
tion 11, Table 4. 
100(1000) 
[ 90 — (33.6 + 30) 
35,000(2) 10 





j,= 





U, = 0.46 per cent 


Life used, corrected for environment, 
for cycle 1 (Ke from Table 7 for dust = 























motors may include light loads for long 

ean ne oui for ee Table 6—Value of c for Computing Running Losses 

in Table 8 for rest time, simply mul- 1-10 mP.-80 50-150 

tiply by the per unit time running. 025 

2 Pole Open oy 04 o4 

Correction for Low or High Voltage ¢ Poe on 63 9 
Should the motor supply voltage be Chee —o Hr 0.28 0.25 

close to 10 per cent off rated, it is rec- 
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Table 7—Environment Factors (K,) 
Open Totally Enclosed 

Standard Extra Encapsu- Standard Extra Encapsu- 

Insulation Varnish lation Insulation Varnish lation 
Moderate Vibrati (3g to 10g) 0.3 0.3 0.3 0.3 0.3 0.3 
Mild Vibration 1.0 1.0 1.0 1.0 1.0 1.0 
Motsture 0.2-0.7 0.6-0.7 0.7 0.8 1.0 0.7 
Conducting Dust (moderate) 0.6 0.7 0.7 1.0 1.0 0.7 
Abrasive Dust 0.4 0.4 0.7 1.0 1.0 0.7 

Use Special Motors 
Other Dusts 0.8 a8 0.7 1.0 1.0 0.7 
Atmosphere 0.2-0.7 0.4-0.8 0.7 0.6-0.8 0.8-0.9 0.7 
Alkaline Atmosphere 0.1-0.5 0.5-0.6 0.5-0.6 0.3-0.8 0.4-0.9 0.5-0.7 
Acid Atmosphere 0.1-0.6 0.4-0.7 0.6-0.7 0.1-0.7 0.4-0.7 0.6-0.7 
Solvent Atmosphere 0.1-0.5 0.2-0.6 0.2-0.5 0.1-0.5 0.2-0.6 0.2-0.5 
*Range indicates severe to mild conditions. 
0.4 and for moderately alkaline = 0.3) 14.4 kw-sec) is determined from Equation Lz = 2.02 kw 


is determined from Equation 12, Table 4. 


Uv,’ = re 3.83 t 
‘He - 
Cycle 2 


Rotor heat loss during one start in 
cycle 2 (WK,? = 10 + 20 lb-ft?, Ns = 
1200 rpm, Mw = 165 lb-ft and Ti = 
50 Ib-ft) is determined from Equation 5, 
Table 4. 


1200 \2 
0.232(10 + 20) (—— ) (165) 
5 1000 


OO 





(165 — 50) 
Er = 14.4 kw-sec 


Stator heat loss during one start in 


6, Table 4. 
_ 2(0.25) (14.4) 
a "(0.13 + 0.37) 


Es = 14.4 kw-sec 


Load power required during the running 
portion of one start cycle (Mi = 100 lb-ft 
and N, = 1200 rpm) is determined from 
Equation 7, Table 4. 

100 (1200) 
P, = ————~ = 22.8 hp 
5252 

Running heat losses during the running 
portion of one start cycle (c = 0.25, 1 
P1/P = 228/25 = 0.913, and Ly 
2.305 kw) are determined from Equation 
3, Table 4. 


Hi 


At this rate, the energy lost, E2, for the 
running portion of the 3 min cycle is 
3(60 sec) (2.02 kw) = 364 kw-sec) 
Plug-stop losses are approximately equal 
to three times the start losses. The energy 
lost for each plug stop for this cycle (Ez 
= 14.4 kw-sec and Eg = 14.4 kw-sec) is 
determined from Equation 8, Table 4. 


E, = 3(14.4 + 14.4) = 86.4 kw-sec 


Total energy loss for cycle 2 is de- 
termined from Equation 9, Table 4. 


Er, = 14.4 + 14.4 + 364 + 86.4 
Er = 479.2 kw-sec 


Average heat loss for cycle 2 (Er = 
479.2 kw sec and t = 180 sec) is 
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Fig. 3—Correction factor for standstill. 


Macuine Desicn—Tue Execrric Motor Boox 





ser 





1€ 


ae=< & 











6—MOTOR TEMPERATURE RISE AND INSULATION 





Table 8—Temperature Rise of Standard Short Time Rated Motors* 








Rating —— Opea —— —— TEFC —— —— TENV —— 
(hr) Class A Class B Class A Class B ClassA Olass B 
1 br 60 80 65 90 110 130 
% br 7 110 85 115 160 200 
% br 125 175 140 190 220 300 








To correct for rest time, multiply by unit running time. 








Temperature rise for cycle 2 (T = 
40 C, La = 2.305 kw and Lz = 2.66 kw) 
is determined from Equation 4, Table 4. 


T2 = 40(2.66/2.305) 


Correction for rest time that occurs dur- 
ing the cycle 2 (T2 = 46.1 C, trun = 3 
min, treet — 1 min and Kr from Fig. 3 
= 0.81) is determined from Equation [3, 
Table 4. 


3 (46.1) 


————_—___——- = 42.7C 
(3 + 1) (0.81) 


T2 = 
Correction for altitude is made from 
Equation 10, Table 4. 


Te’ = 1.15(42.7) = 49.1C 


Life used, uncorrected for environment, 
in cycle 2 (he = 1000 hr, T2 = 49.1 C 
and Ta = 30C) is determined from Equa- 
tion 11, Table 4. 








a 100(1000) 
.- [ 90 — (49.1 +30) ] 
35,000(2) 10 


U, = 1.34 per cent 


Life used, corrected for environment, 
for cycle 2 (environment correction fac- 
tors from Table 7 same as for cycle 1) 
is determined from Equation 12, Table 4. 


1.34 
U,’ = ——————— = 11.15 per cent 
(0.3) (0.4) 
Cycle 3 


Full-load running losses for cycle 3 are 
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the same as for cycle 1, L~ = 2.305 kw. 

Running heating losses for cycle 3 
(ec = 025, Ln = 2305 kw and 1 = 
Pi/P = 30/25 = 1.2) are determined 
from Equation 3, Table 4. 


Lg = [0.25 + (1 — 0.25):(1.2)2]2.305 


Temperature rise for cycle 3 (T = 40 C, 
La = 2.305 kw, and Ls = 3.065 kw) are 
determined from Equation 4, Table 4. 


Ts = 40(3.065/2.305) 
Ts = 53.2C 


Correction for altitude is made from 
Equation 10, Table 4. 


T;' = 1.15(53.2) = 61.2C 
Life used, uncorrected for environment 
(he = 1000 hr, Ts! = 612 C and T, = 
30 C) is determined from Equation 11, 
Table 4. 








pre 100(1000) 
ve [ 90 — (61.2+30) 7 
35,000(2) 10 


Life used, corrected for environment for 
cycle 3 (environment correction factors 
from Table 7 same as for cycle 1) is de- 
termined from Equation 11, Table 4. 


3.1 
U;' = ——————_ = 25.8 per cent 
(0.3) (0.4) 
Total Life Used 


The total winding life used in one com- 
plete cycle of motor operation is 


Ur! = Uy’ + U2! + Us 
= 3.83 + 11.15 + 25.8 
Ur,’ = 40.78 per cent 
Therefore, this motor could be expected to 
operate under the given conditions for 2/2 


complete operational cycles without wind- 
ing failure. 


Approximate Solution 


To solve the example as given, the 
motor manufacturer must supply the full- 
load efficiency, stator resistance, rotor 
resistance, average accelerating torque, and 
motor inertia (WK’). 

For an approximate solution, use the 


, following: 


l. Motor full-load efficiency equal to 
90 per cent. 

2. Determine the average accelerating 
torque in per cent of full-load torque from: 
2 and 4-pole ratings 150 170 200 
6 and 8-pole ratings 140 170 200 
3. The motor inertia is approximately k 
(NEMA-B hp rating) for an open drip- 
proof motor in the particular frame size 
in question. The k factors, using the lower 
values for small hp ratings, large values 
for large hp ratings, and an average value 
for intermediate hp ratings, for the vari- 

ous motors are: 


2 pole 0.1 to 0.2 
4 pole 0.2 to 0.4 
6 pole 0.4 to 0.7 
8 pole 0.5 to 0.9 


4. The resistance values are used only 
in calculating stator heat loss for an ac- 
celeration or plug stop. Lacking these 
values, use an approximate value of 
stator heat loss equal to: 

1.0 (rotor heat loss) 

for NEMA Design B motors 
0.8 (rotor heat loss) 

for NEMA Design C motors 
1.2 (rotor heat loss) 

for NEMA Design A motors 
0.4 (rotor heat loss) 

for NEMA Design D motors 
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OTORS in residential, commercial 

and industrial applications are all 
subject to unexpected and abnormal con- 
ditions beyond the maximum duty-cycle 
rating. The effect of these conditions in- 
volves an increase in motor temperature. 
Etectrical insulation deteriorates from 
high temperature, and this deterioration 
occurs in a motor before any of the 
other materials are affected by excessive 
temperature or mechanical loading. Over- 
heating, if unchecked, results in imme- 
diate burnout, or a reduction in insula- 
tion life with early failure. Because ab- 
normal conditions do occur, requirements 
for protection, safety codes, and inspec- 
tion authorities have been set up. 

To properly utilize motor thermal pro- 
tection, the designer must consider the 
reasons for protection, the specifications 
of codes and standards, the various types 
of protectors and protection techniques, 
as well as the factors involved in selec- 
tion, application and evaluation of pro- 
tection. 


Protection Function 


Abnormal conditions occur in commer- 
cial and industrial motor applications, 
and the users of these motors must be 
protected against troubles caused by con- 
ditions beyond their control. On a pro- 
duction line, down time is intolerable. 
However, it is better to have a short in- 
terruption in motor operation caused by 
the protector, than to have a complete 
and lengthy shutdown because of a motor 
winding burnout. 

The need for motor protection is based 
on safety and economy. Safety is con- 
cerned with the prevention of fire and 
shock hazard which may result from 
motor failure by overheating. Economy 
relates to the efficient use of materials in 
the construction of motors. As greater 
demands are placed on the capabilities 
of materials, the need for protection is 
increased. It also follows that the more 
reliable the protection means, the greater 
are the demands that can be safely placed 
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on the material. 

The primary criterion for a protector 
is that it should function only when the 
motor is subjected to abnormal condi- 
tions for which the motor is not in- 
tended to operate. There are two bound- 
ary conditions for protection. In terms 
of motor winding temperature, one 
boundary is established by the maximum 
temperature for operation of the equip- 
ment. This is the winding temperature 
reached for a condition of maximum 
normal load, or maximum duty cycle. 
The maximum normal load approximates 
the severe conditions that may be expected 
in normal use, but it is not a deliberate 
overload. 


The other boundary for protection is 
the maximum temperature for protection 
of the equipment. This corresponds to 
the maximum limiting temperature e- 
tablished for the class of insulation used. 

A difference is necessary between the 
maximum temperature of operation and 
the maximum temperature of protection 
to prevent nuisance operation of the pro- 
tector. If the protection level is set just 
barely above the operation level, the 
protector will function when it is not 
really needed. This encourages tampering 
and defeats the purpose of protection. 

Therefore, in fundamental terms, the 
purpose of the thermal protector is to 
limit the rate of deterioration of the 
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Fig. 1—Maximum allowable temperamure limits for various classes of motor 


insulation. 
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insulation system of the motor without 
interfering with maximum normal mo- 
tor operation. 


Protection Code 

The fundamental requirements for ther- 
mal protection of electric motors are 
contained in the National Electric Code 
(NEC) Article 430, Motors and Motor 
Controllers. Two basic approaches to 
motor protection are recognized. One is 
an overcurrent device responsive to mo- 
tor current and separate from the mo- 
tor. The other is a device, integral with 
the motor, responsive to motor current 
and temperature and used to prevent 
dangerous overheating of the motor due 
to overload, or failure to start. In ad- 
dition, embedded resistance detectors are 
recognized for motors exceeding 1500 hp. 
Also, fractional-horsepower motors that 
are self-limiting or self-protecting and 
do not require protective devices are in- 
cluded. 


Insulation Temperature Limits 


Insulation classes A, B, F, and H are 
all used in motors, and maximum tem- 
perature limits for rating and protect- 
ing purposes are shown in Fig. 1. These 
values have been used for a number of 
years and provide a satisfactory margin 
between operating and protection tem- 
peratures. The mal protectors conform- 
ing to these limits are available for both 
fractional-horsepower and integral-horse- 
power motors. Protection-temperature 
limits for fractional-horsepower motors 
are higher than for integrals. However, 
this does not mean that higher tempera- 
tures are permissible for integral-horse- 
power motors, since insuletion life is ap- 
proximately halved for each 10 C increase 
in temperature. Thus, any increase in 
the temperature limits for protection of 
integral-horsepower motors reduces ex- 
pected motor life. 

The higher allowable protection tem- 
perature for single-phase fractional-horse- 
power motors is possible because NEC 
states that the minimum size branch cir- 
cuit must be rated 15 amp for 115-v cir- 
cuits and 10 amp for 230-v circuits. 
Hence, motor overload currents corre- 
sponding to the higher temperature fall 
within the rating of the conductor and 
its associated motor-control apparatus. 
The NEC requires that the running mo- 
tor overcurrent protection and inherent 
protection devices protect the motor, the 
motor-control apparatus, and the branch- 
circuit conductors against excessive heat- 
ing due to motor overload. 

For intergral-horsepower motors, the 
branch-circuit conductors and motor- 
control apparatus are matched more 
closely to the motor rating. Therefore, the 
current corresponding to the higher tem- 
peratures could exceed the rating of the 
conductors and control apparatus, and 
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result in their overheating. 

Most fractional-horsepower, singie- 
phase motors are used in special appli- 
cations where the motor operates only 
a small part of the total elapsed time. 
Hence, the operating time spent at ele- 
vated temperatures is not long enough 
to cause excessive damage. Also, many 
fractional-horsepower induction motors 
with resistance split-phase starting wind- 
ings are designed to have a high current 
density on starting. The heating rate of 
the winding to- peak values and its sub- 
sequent cooling is rapid. Therefore, the 
insulation is at the elevated tempera- 
ture for a short time. 

In contrast with this, integral-horse- 
power motors usually operate over a 
much longer continuous period of time 
and under more severe service. Thus, 
greater margins of protection are needed 
to insure satisfactory life. 


Motor-Protection Techniques 


Two commercial approaches to motor 
protection are used: One based on line 
current, and one based on winding tem- 
perature. The location of the motor pro- 
tective device in the branch circuit is im- 
portant and is shown in Fig. 2. 

Overcurrent devices protect the motor 
against excessive currents up to and in- 
cluding locked-rotor current in magni- 
tude, Fault currents which exceed locked- 


rotor current in magnitude are con- 
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Fig. 2—Relative location of protection 
devices in motor feeder and branch cir- 
cuits. 


trolled by branch-circuit protection. The 
motor-protection device is located at the 
motor end of the branch circuit, while 
the fault-current protection is located at 
the head of the branch circuit to sense 
short-circuit or ground currents in the 
conductors. The branch-circuit protective 
device must be able to carry the start- 
ing current of the motor without being 
actuated before the motor-protection de- 
vice. NEC thus specifies that the branch- 
circuit device may exceed the full-load 
current rating of the motor and can be 
sized up to 400 per cent of full-load cur- 
rent. 

This leaves the running overcurrent 
protection or thermal-protection devices 
of the motor to protect the branch-circuit 
conductor and motor-control apparatus 


-from motor overload and locked-roto: 


currents. The rating of the branch-circuit 
conductor and motor-control apparatus 
is based upon the full-load and starting 
current of the motor. To comply with 
NEC, the motor-protection device must 
limit the maximum continuous running 
current of the motor in an ambient of 
40 C to a value which does not exceed 
140 per cent of full-load current. This 
limitation provides for protection of the 
branch-circuit conductor and motor-con- 
trol apparatus for running and stalled 
currents. 


Motor Overcurrent Protection 
Devices 


Motor-protection devices based on line 
current include time-lag fuses, time-limit 
magnetic relays, and thermal relays of 
the melting alloy and bimetallic types. 
The use of these devices is predicated on 
motor overheating being the result of 
overcurrent and on the measuring of the 
current at a remote location from the 
motor. Current-responsive devices take ad- 
vantage of the favorable conditions re- 
sulting from motors operating in ambients 
below 40 C, or at less than rated load. 
In such applications, the motor can be 
conservatively rated, and there is a mar- 
gin of safety to handle some abnormal 
conditions. 

While overheating is indicated by 
overcurrent for normal overloads and 
locked-rotor currents, there are other con- 
ditions where overheating is not specifi- 
cally measured by overcurrent: 1. Re- 
duced or blocked ventilation at the mo- 
tor by either external or internal ob- 
struction. Temperature rise may be sev- 
eral times normal for the same current 
value. 2. Temperature rise can increase 
for a given current value if unbalanced 
voltages increase motor losses and lower 
the speed. 3. Overvoltage and underfre- 
quency increase the core loss, resulting ir. 
a higher than rated temperature rise. 4. 
Jogging or reversing duty is similar to 
motor operation at less than normal 
speed; although the rms value of the 
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Fig. 3—Motor-thermal protectors. 


line current may be less than normal, the 
temperature rise may be greater than 
normal. 5. Single-phase locked-rotor cur- 
rent on a delta-connected polyphase motor 
is 86.5 per cent of the three-phase value, 
while the heating rate remains unchanged 
in one of the windings. A longer than 
normal tripping time of the overcurrent 
device, because of the decrease in locked- 
line current, results in a higher than 
normal winding temperature. 

For protection of three-phase motors, 
overcurrent units are installed in two 
of the three lines. However, unbalanced 
conditions can cause a high current to 
fall cn the unprotected phase, permitting 
the winding to overheat and burn out. 
To cope with this condition, it is being 
recommended in the next issue of NEC 
that, “three overcurrent units shall be 
used where three-phase motors are in- 
stalled in isolated, inaccessible or un- 
attended locations, unless the motor is 
protected by an approved means.” 


Motor Overtemperature 
Protection Devices 


Where motor rating is defined in terms 
of winding temperature, and motor life 
is a function of winding temperature, the 
fundamental approach to motor protec- 
tion is through devices which depend 
upon winding temperature for their op- 
eration. 

Motor-protection devices that depend 
on winding temperature are: 1. Thermal 
protectors operating in response both to 
the transfer of heat from the motor 
winding and to the additional heat gen- 
erated within the device by the motor 
current flow. 2. Thermostats having a 
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fixed temperature-response point and 
depending entirely upon the transfer of heat 
from the motor windings for operation. 
3. Thermal sensors, with temperature an- 
ticipation, operating not only in response 
to transfer of heat from the motor wind- 
ing, but also providing a decrease in the 
operating or trip temperature of the sensor 
in relation to its own rate of temperature 
rise. The various types of temperature- 
responsive protectors are shown in Fig. 3. 


Thermal Protectors: These devices sense 
motor temperature and current in gen- 
eral and are usually made up of a set 
of electrical contacts, a thermal element 
and a heater. The protective device is 
located in the same environment as the 
motor winding (installed either directly 
within the winding or in the motor 
frame). The protector is, therefore, ex- 
posed to the same conditions which ef- 
fect winding temperature. The motor-cur- 
rent flow through the heater is used to 
raise the temperature of the thermal ele- 
ment to equal that of the winding, and 
an accurate analog of winding tempera- 
ture is obtained for all operating condi- 
tions. With the thermal-element operat- 
ing temperature set to correspond to the 
maximum limiting value, whenever the 
winding temperature reaches this value, 
the thermal element is at its operating 
point and opens the motor circuit. 

For correct application of thermal pro- 
tectors, the relation between motor cur- 
rent, winding temperature and thermal- 
element temperature must be determined. 
A heater must then be selected to pro- 
duce a temperature rise in the thermal 
element equal to the temperature dif- 
ference between the element and the 
winding. By reducing the gradient be- 


tween the winding and the protector, 
the temperature rise required from the 
heater is reduced. This minimizes the 
effect of the heater as one of the vari- 
ables and is one of the advantages of 
on-the-winding protectors. 

Thermal protectors designed to inter- 
rupt motor line current are called line- 
break types. Line-break protectors are de- 
signed for location in the motor end 
frame, switch plate, terminal box, or for 
direct mounting on the winding. 

Location of the thermal protector on 
the windings does not insure protection 
for all abnormal operating conditions. 
This is particularly true for single-phase 
induction motors of the resistance split- 
phase or capacitor-start winding types. 

Industry standards do not insure com- 
plete protection under abnormal condi- 
tions, since these standards usually spe- 
cify minimum requirements. For example, 
as the abnormal conditions for thermal 
protector operation with general-purpose 
motors, Underwriters’ Laboratories’ re- 
quirements specify: 1. Maximum running 
load which the motor can carry with- 
out causing the protector to open the 
circuit. 2. Locked-rotor current. Not all 
thermal protectors meeting these mini- 
mum requirements will prevent motor 
windings from overheating and burning 
out. Under some abnormal motor op- 
erating conditions, thermal protectors 
may not give the required protection. 

In addition to overload, stalling and 
jammed load, there are conditions such 
as blocked ventilation, ambient-tempera- 
ture variation, line-voltage variation, im- 
proper power supply, mechanical failure 
of the driven mechanism, electrical com- 
ponent failure, improper lubrication and 
improper installation, which must be 
considered. To evaluate thermal-protector 
performance for these various conditions, 
it is necessary to translate them in terms 
relating to the combination of motor and 
thermal protector. This gives rise to the 
following conditions: 

1. Running overload, with or without 
high ambient temperature, or ventilation 
blocked. 

2. Locked rotor at normal voltage (or 
high voltage for shaded-pole motors). 
This can be caused by mechanical failure 
of driven load. 

3. Locked rotor caused by low voltage, 
where decreased torque is insufficient to 
start load. 

4. Locked rotor with main winding only 
in the circuit. This results from an open- 
circuit start switch or an open-circuit re- 
versing switch through switch failure. 

5. Locked rotor with start winding only 
in circuits. This can result from an open 
main-winding circuit or an open circuit 
in reversing switch. 

6. Running with both start and main 
windings in the circuit. This results from 
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start-switch failure in “closed position or 
low voltage, which prevents the motor 
from reaching switchover speed. 

7. For polyphase motors, additional ab- 
normal conditions which occur include 
line-voltage unbalance, single-phasing 
caused by an open circuit in one of the 
conductors to the motor, and single- 
phasing caused by an open circuit in one 
of the primary conductors of a wye- 
delta or delta-wye transformer supply 
bank with isolated or ungrounded neu- 
tral. 

To eliminate winding burnouts caused 
by overheating, the protector should pro- 
tect against all of these abnormal con- 
ditions. Anything less in the way of 
protector performance is a compromise 
which should be evaluated by the equip- 
ment manufacturer when planning his 
motor use. 

Complete protection can be obtained 
with proper protectors instalied either in 
or on the motor frame, or on the motor 
windings. However, it takes more than 
just location te determine the quality of 
the protection. It is necessary to check 
out the protector on the motor which it 
is intended to protect for all of the ab- 
normal conditions to verify the type of 
protection provided. The words “thermal 
protection” on the motor nameplate do 
not tell the complete protection story, 
if interchangeability is involved, or if 
more than minimum protection standards 
are required. 


Motor-Winding Thermostats: Protectors 
which have a fixed operating temperature 
and which depend upon the transfer of 
heat from the motor windings are identi- 
fied as thermostats. They are usually of 
the pilot-circuit type. This category in- 
cludes devices such as bimetal disc ther- 
mostats, resistance-coil embedded de- 
tectors, and thermisters of both the posi- 
tive and negative temperature-coefficient 
types. All of these thermostats are capable 
of providing protection for abnormal con- 
ditions while the motor is running. How- 
ever, for locked-rotor conditions, the de- 
gree of protection offered with these de- 
vices is related to the mass of the ther- 
mal element and the rate of temperature 
rise of the winding. With the tempera- 
ture limits shown in Fig. 1 as the meas- 
ure of protection, experience has shown 
that protection is unattainable for fast 
rates of temperature rise, which start 
with the winding at room temperature, 
even though extremely small thermal 
elements are used. As a rule of thumb, 
locked-rotor protection for the tempera- 
tures shown in Fig. 1 is questionable 
where the rate of winding-temperature 
rise exceeds 2 C per sec for bimetal and 
resistance-coil elements, and 3 C per sec 
for small-size thermistors mounted di- 
rectly on motor winding. 
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7—MOTOR THERMAL PROTECTION 


Table 1 — Characteristics of Winding- Temperature Responsive Protectors 






































PROTECTOR TYPE 
Thermal Thermal Sensors 
Thermostats With Temperature 
Protectors 
Anticipation 
Line Pilot Pilot Pilot 
Circuit Type break | oo circuit circuit 
Thermal Element Waies Winding Rate of change 
temperature in winding 
Response and current a temperature 
Fractional 
of Motor 
jee X- Used ne Integral horsepower 
Ability to Provide 
Protection: for Yes 
All Running Loads 
Suitable for rate of 
Ability to Provide pave nay rise in winding tem- 
Protection for Locked Yes inding temper- perature of most 
ature is slow integral 














Overcurrent relays may be used to 
supplement the thermostats. When the 
two devices operate as a system to pro- 
vide locked-rotor protection, the over- 
current relay is required to trip for 
locked-rotor conditions, but not before 
the thermostat operates during running 
conditions. In this arrangement, the 
winding temperature increases on suc- 
cessive cycles of the thermal relay. This 
lengthens the time required to reach a 
peak temperature and reduces the rate 
of winding-temperature rise to the peak 
value. Hence, the thermostat can re- 
spond and take over the protection func- 
tion when its operating temperature is 
reached. Also, a suitable temperature dif- 
ferential in the thermostat keeps the 
winding de-energized until it has cooled 
to a safe value. 

With this system, protection can be 
obtained for both running and stalled 
conditions for most motor types. The 
thermostats and thermal relays are usu- 
ally of the pilot-circuit type. 

Thermal Sensors with Temperature An- 


" ticipation: These protectors are denoted 


by their characteristic of thermal anticipa 
tion. Present types consist of an external 
metal tube and an internal metal rod, tied 
together so that the two operate as a dif- 
ferential-expansion thermal element to 
actuate a _ self-contained, snap-action 
switch. The metal used in the tube is 
selected to have a higher temperature 
coefficient of expansion than that of the 
rod. The metal tube is installed within 
the windings, so that it is heated di- 
rectly by them. 

On slow temperature changes, the tube 
and rod heat at the same rate, and the 
switch is calibrated to open when the 
tube is at the specified operating tem- 
perature. On fast temperature changes, 
the tube heats at a faster rate than the 
rod. Hence, the differential expansion 
movement required to operate the switch 
is reached at a lower tube temperature 
than for the slow rate of temperature 
change. This means that the operating 


* temperature, measured in terms of tube 


temperature, is decreased. The extent of 
this decrease is determined by the rate 
of rise in temperature of the tube. This 
temperature anticipation makes it pos- 
sible for the rod and tube sensor to pro- 
vide protection for both running and 
stalled conditions. These protectors are 
generally of the pilot-circuit type. 

Comparison of Temperature-Sensitive 
Devices: Table 1 gives a comparison of the 
various temperature-sensitive devices. Line 
break thermal protectors are the principal 
means used by the electrical industry to- 
day for protection of fractional and small 
integral horsepower motors. Most applica- 
tions are listed with Underwriters’ Labora- 
tories to provide motor users with evidence 
of compliance with the National Electrical 
Code (NEC). 

Thermostats and thermal sensors with 
temperature anticipation are of the pilot 
circuit type and can be used on all motors 
controlled through magnetic contactors up 
through the large integral horsepower 
sizes. Ease of application (this follows 
from the fact that they are matched to the 
insulation system of the motor) permits 
their economical use on small production 
quantities of a particular motor model. 
These devices at the present time are not 
usually submitted to approval testing 
authorities for listing. Where evidence of 
NEC compliance is necessary, an approved 
overcurrent relay may be added to the 
protection system. 

In evaluating motor protection, it is im- 
portant to remember that all thermal pro- 
tectérs do not prevent winding overheating 
and burnout for all abnormal operating 
conditions even though the present state 
of the art does nake complete protection 
feasible. It is a» important to know that 
the protection system carries evidence of 
compliance with the NEC in a form 
which will be recognized by electrical 
inspection authorities to insure conform- 
ing to accepted industry protection stand- 
ards. Thermal Protection can do a better 
job of protecting all motors today than at 
any time in the past. 
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ORRECT lection of the mechanical 

componenis, particularly bearings, lu- 
bricants, and taring housings, is of ut- 
most importance for good motor per- 
formance. In many industrial applica- 
tions, bearing lubrication, rather than 
electrical insulation, is the limiting factor 
in motor performance. 

In this country and in Europe the stand- 
ard bearing for general-purpose industrial 
motors (1 to 300 hp) is the grease-lubri- 
cated ball bearing. However, sleeve and 
roller bearings are used in special cases. 
The Bearings Book, 1961 Edition, pub- 
lished by Macuine Desicn, is a basic ref- 
erence on the various bearing types and 
their lubrication. 


Bearing Types 


Antifriction Bearings: For radial loads, 
a grease-lubricated single-row Conrad 
bearing is practically universal. When 
belt or drive loads exceed the capacity of 
a single-row ball bearing (about 75 hp 
and larger), a cylindrical roller, spherical 
roller, or double-row ball bearing is usual- 
ly used on the drive end. 

Vertical pump motors, motors with over- 
hung fans, and some special drives may 
impose high thrust loads. In such cases, 
the angular-contact ball bearing is used 
either singly or in tandem. With thrust 
loads of several tons, it is often necessary 
to use a spherical roller thrust bearing. 
Water cooling of the thrust bearing is also 
required in some cases. 


Sleeve Bearings: Sleeve bearings may 
be waste packed or oil-ring lubricated. 
Although the waste-pack construction is 
seldom used in industrial motors, it is 
common in fractional-horsepower motors. 

For many years, the oil-ring lubricated 
bearing was the standard bearing con- 
struction, but today it is seldom used in 
motors of | to 300 hp. It is still com- 
monly used on powerhouse auxiliary drives 


and most large motors. 
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Lubrication 


The introduction of grease-lubricated 
ball bearings permitted the development 
of the first general-purpose motor suitable 
for any mounting position, and requiring 
little or no relubrication. 

The list of available greases includes a 
special grease for almost every conceivable 
use—general purpose, high temperature, 
low temperature, water resistant, etc 
Greases cost from a few cents to many 
dollars a pound. Laboratory-made greases 
for development and experimental work 
are almost priceless. 

A great amount of work is being done 
on bearing lubrication for high speed, 
high temperature, and/or special atmos- 
pheric conditions. In some applications, 
the required bearing life may be meas- 
ured in minutes or even seconds, as in a 
rocket. For aircraft applications a life of 
1000 hr may be entirely satisfactory. This 
is not so in industrial motors, where bear- 
ings are expected to operate satisfactorily 
for years rather than minutes. The intro- 
duction of silicone lubricants provided a 
grease for motors with good operating 





filled 


Fig. 1—Prelubricated ball 
bearing contains no pro- 
vision for regreasing. 


life at 125 to 140C. Other recently de- 
veloped greases withstand operating tem- 
peratures of 160 to 190C and are used in 
special applications. 

Grease-lubricated bearings may. be di- 
vided into two general types: Regreasable, 
and nonregreasable or prelubricated. Both 
types are popular in this country and in 
Europe. Many European companies use 
a construction similar to Fig. 1, with no 
regreasing provision. Practically all Euro- 
pean bearings are of the open type, where- 
in a simple housing is partially filled 
with a suitable grease. In this country, 
prelubricated ball bearings take more 
varied forms, and bearings with seals and/ 
or shields are quite common. Fig. 2 shows 
a common prelubricated bearing provided 
with a seal arrangement. This bearing 
is extra wide (same width as a double- 
row -bearing) to provide space for the 
seals and a large supply of grease. Also, 
the chance of contamination is reduced 
because the grease and seals are added by 
the bearing manufacturer. Such bearings 
are popular in the textile industry; some 
large installations have been in operation 
for over 20 years. 






inner 
reservoir 


Fig. 2—Prelubricated ball bearing pro- 
vided with a seal arrangement. 
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Regreasable bearings take many forms, 
but Fig. 3 and 4 show the two most com- 
mon types. Each construction has certain 
advantages depending upon intended serv- 
ice. Totally enclosed motors and other 
specially protected motors have a flinger 
ring to give additional protection from 
dust and liquids. In many cases, totally 
enclosed motors with prelubricated bear- 
ings have an air by-pass, Fig. 2. This by- 
pass provides a low-resistance path to al- 
low the motor to breathe without forcing 
air through the bearing. It reduces con- 
tamination of the bearing grease, particu- 
larly from chemical fumes. 

Some of the important characteristics of 
a good grease for use in ball bearings are: 

Quietness: Noise-free operation is im- 

portant. Some greases cause bearing 

squeal, especially when the bearings are 
lightly loaded. 

Low Loss: Cooling the motor bearing 

at higher speeds can be a problem. 

Bearing friction or loss can vary greatly 

with different greases. 

Low Oxipation Rate: Grease life at 

elevated temperatures is limited by oxi- 

dation. Oxygen bomb tests are used to 
measure this quality. A rule of thumb 
is that grease life is halved for each 
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Fig. 5—Typical oil-lubricated ball bear- 
ing. 


1961 Edition 


25F increase in operating temperature. 
Many greases have oxidation inhibitors 
added to decrease the oxidation rate. 
Rust Prorecrion: When moisture is 
present it is important that the grease 
offer as much protection to the balls, 
races, and retainers as possible. In some 
greases, rust inhibitors are added to im- 
prove protection. 

Suecr Lire: Most bearings are stored 
by packing them with grease before or 
after assembly in the motor. Greases 
tend to harden when not used and may 
cause trouble when the motor is started. 
Actually, the shelf life of a grease may 
be only a small fraction of its expected 
life when the motor is in use. 
CLEANLINESS: Grease must be kept free 
from dirt and other foreign matter dur- 
ing manufacture or removed from the 
grease before shipment. 

Low-Fricrion Oxmpation Rate: Anti- 
friction bearings, subject to vibration 
while not running, as in transit, have 
a tendency for the balls or rollers to 
wear depressions in the races (false 
brinnelling). Greases vary greatly in 
ability to reduce friction oxidation. 
FreepoM From Soup Apprtives: Unit 
pressures between the balls and races 
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Fig. 4—Typical grease-lubricated ball bear- 
ing with rotating shaft seal. 
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Table 1—Bearing Relubrication 








Motor Shaft Grease Added 
Extension diam to Each Bearing 
(in.) (oz) 

%-1Y% Yr 
1IY-1% % 

1%4-2% 1 
2%-3 1% 
3 -4 24% 





easily cause permanent damage. 
Low-TEMPERATURE CHARACTERISTICS: For 
motors used outdoors, in unheated build- 
ings, or on other low-temperature ap- 
plications, it is important that the 
grease not stiffen, as even slight skid- 
ding of the balls or rollers causes serious 
bearing damage. Standard greases are 
usually rated at —25C. Special low- 
temperature greases are available, Sev- 
eral of these low-temperature greases 
have a wide temperature range and are 
suitable for all but the hottest applica- 
tions. 


Relubrication: Relubrication scheduling 
has been the subject of some controversy. 
Various lubrication schedules have been 
followed successfully by different motor 
users, This is good proof of the wide 
tolerances possible with grease-lubricated 
ball bearings. It has been proved that 
bearings actually require very little lubri- 
cant, but the lubricant must be clean. 
Therefore, most schedules are based on 
replacing contaminated rather than “worn- 
out” grease. As a rule of thumb, bearings 
should be regreased every 6 months to 2 
years, depending upon service. The 
amount of grease which should be used 
in relubrication is shown in Table 1. 


Oil Lubrication: Oil-lubricated _ ball 
bearings, Fig. 5, require a more complex 
housing, careful control of oil level, and 
must be mounted in the intended posi- 
tion. These factors limit their use to 
large, horizontal, high-speed motors (300 
to 700 hp at 3600 rpm or above), and 
vertical hollow-shaft motors for deep-well 
pumps. Most manufacturers give approxi- 
mate speed limitations for oil and grease 
lubrication. Generally, grease lubrication 
is used for low-speed motors, and oil 
lubrication is used where speeds are too 
high for grease. 

In oil-lubricated bearings, maintaining 
a proper oil level is critical. In some ap- 
plications, it may not be possible to check 
the oil level at shutdown, and opening 
the fill plug while the motor is running 
may result in loss of oil or a misleading 
reading. In such cases, the motor should 
be equipped with sight gages. 
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DESIGN DATA 
Sleeve Bearings 


Sleeve bearings are oil-lubricated, usual- 
ly with an oil ring, Fig. 6. They are used 
for both coupled and belted service. Sleeve 
bearings intended only for coupled service 
have oil pockets on both sides and are 
often split to enable inspection and re- 
moval of the bearing without removing 
motor brackets or disturbing the coupling 
alignment. Sleeve bearings for belted 
service normally are supplied with grooves 
that give good load capacity in the lower 
quadrants and reasonable capacity upward. 
Sleeve bearings are not rated for operation 
in ambients above the standard 40C. 
For outdoor applications, bearing reser- 
voirs may be equipped with small heaters 
to prevent congealing of the oil, thus 
preven:i=s excessive bearing wear at start 
up. 

Motors with sleeve bearings are not 
designed to withstand external thrust. 
Therefore, care must be taken when mo- 
tors with sleeve bearings are flexibly cou- 
pled to pumps. Most flexible couplings 
require considerable thrust to shift the 


coupling halves relative to each other 
while transmitting torque. If the motor 
rotor shifts away from the driven machine 
when starting, the shaft shoulder is forced 
against the bearing. Thus, as the motor 
warms up, shaft expansion can exert 
enough thrust to cause a bearing failure. 
Therefore, motors with s'ceve bearings for 
pumps are provided with unusually large 
shaft end play and limited end-float coup- 
lings. These couplings are adjusted so 
the motor cannot thrust on either shoulder. 

NEMA recommends ball bearings for 
all motors of 200 hp and below with a 
speed of 1800 rpm, and 100 hp and below 
with a speed of 3600 rpm. If sleeve bear- 
ings are used, standard end play is '/-in. 
for motors of 200 hp and below and 1-in. 
for motors of 250 hp and above. This 
standard was set up for pump drives, and 
does not necessarily apply to motors used 
for other operations. 


Oil Selection 


Because of the widely different ambient 
conditions under which motors must oper- 
ate, pour point of the oil is an important 
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Fig. 8—‘Floating-fixed” type of bearing mounting. 
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Fig. 9—‘Fixed-fixed” type of bearing mounting with roller bearing at drive end. 
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consideration. Since, for a given viscosity, 
oils are available with different pour 
points, it is necessary to select an oil with 
a pour point at least 10 F below ambient, 
It is permissible under AIEE specifications 
to operate a bearing at 85C maximum 
temperature. However, bearings operating 
above 70C require more frequent oil 
changes because of rapid oil sludging. 
Table 2 gives viscosity ranges for various 
bearings. 


Bearing Failure 


Most bearing failures are preceded by 
a rise in operating temperature. Many 
types of temperature indicators are avail- 
able that give an indication of excessive 
bearing temperature. These may be sup- 
plied and mounted by the motor manu- 
facturer, or mounted later in the field. 
These detectors are seldom used in mo- 
tors of 1 to 200 hp, because cost of the 
protective device is high compared with 
motor cost. 


Bearing Noise 

Noise level is becoming increasingly im- 
portant in many motor applications. In 
recent years, ball bearing manufacturers 
have made significant advances in reduc- 
ing bearing noise by improved manufac- 
turing methods. Motor producers have 
also improved machining methods result- 
ing in further noise reduction. 

One major source of ball bearing noise 
is internal looseness of the bearing. When 
the bearing is mounted on the shaft, some 
radial looseness of the bearing is highly 
desirable, since it provides greater toler- 
ance to abnormal conditions and provides 
greater thrust capacity. Some motor build- 
ers use preloading springs to apply a 
light thrust load to the bearing, and this 
loading effectively eliminates bearing 
looseness and minimizes bearing noise. 
This technique is normally applied to the 
smaller motors (approximotely 1 to 30 
hp), where bearing noise may be critical. 
In larger motors, electrical and ventilation 
noises are more critical. 


Bearing Mounts 


There are many different bearing 
mounts possible. However, the two basic 
types are the floating-floating mount, Fig. 
7, and the fixed-floating mount, Fig. 8. 


Table 2—Oil Viscosity Ranges 








Bearing Type Viscosity, SUV 
(sec at 100 F) 
Sleeve (up to 70C) 180-220 
Antifriction 180-220 
Spherical roller-thrust 1000-1200 
Sleeve (above 70 C) 275-325 
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Fig. 10—Calculated minimum bearing life for coupled motors operating at 900 to 


3600 rpm. 


The drive-end bearing is normally fixed 
when close axial location is required, as in 
close-coupled pump motors. When a 
cylindrical roller bearing is used on the 
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drive end, the bearing on the opposite end 
is fixed, Fig. 9. In all cases, provision 
must be made for shaft expansion when 
the motor warms up (normally 0.0005 to 
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0.001 in. per in. of shaft between bear- 
ings). 


Bearing Ratings 


Many factors combine to determine 
bearing life. NEMA has no standard cal- 
culated fatigue life for motor bearings. 
In most cases, vertical, deep-well, high- 
thrust motors are rated at one year mini- 
mum life (8750 hr). Motors for coupied 
drives are expected to take no external 
load, and bearings are selected on the re- 
quirements of the shaft extension. These 
motors have extremely long calculated 
bearing life, Fig. 10. Motors for belted, 
chain, or pinion drives have NEMA stand- 
ards for maximum severity (minimum 
pulley diameter and maximum width). 


“ NEMA shaft dimensions are standardized 


to limit stress values to a conservative 
level, even for the most severe applica- 
tions. Motors of 100 to 300 hp may be 
supplied with two or three different shaft- 
end bearings, depending upon speed and 
expected load. Calculated average bearing 
life under the most adverse conditions is 
normally 10 to 20 years of continuous 
operation. Most bearing failures are not 
the result of insufficient capacity. Such 
failures are more commonly caused by 
one or more of the following conditions: 

1. Brinelling of bearing when pulley is 
driven on shaft. 

2. Foreign matter in bearing from dirty 
grease or ineffective seals. 

3. Bearing being squeezed radially by out- 
of round housing. 

4. Bearing misalignment resulting from 
shaft or housing shoulder not being 
square. 

5. Falsely brinnelled race resulting from 
excess vibration while motor is not 
running. 

6. Deterioration of grease because of ex- 
cessive temperature or contamination. 

7. Thrust failure of bearing resulting from 
too tight a bearing housing, thereby 
preventing bearing adjustment for ex- 
pansion. 

8. Overheated bearing as a result of too 
much grease, too tight a bearing, etc., 
particularly on high-speed motors. 








CHAPTER 


Fundamentals 


Enclosures and Mounting Methods 








HE environment in which an electric 
motor will operate is an extremely 
important factor to consider when select- 
ing the motor. It dictates the type of mo- 
tor insulation and motor enclosure used. 
These two factors must be carefully ana- 
lyzed to insure the longest motor life at 
the least possible cost. 
The important environmental factors 
which should be considered are: 


Unusual Temperatures: 1. Operation 
below 10 C. 2. Operation in ambient 
temperatures over 40 C. 3. Operation in 
poorly ventilated rooms. 4. Operation in 
places of restricted air circulation. 


Surrounding Air Contaminates: 1. Ex- 
posure to chemical fumes. 2. Operation 
in damp places or exposed to steam. 3. 
Exposure to dust that is combustible, 
gritty, or conductive. 4. Exposure to salt 
air. 


Altitude: Motor operation at any alti- 
tude up to 3300 ft above sea level can 
usually be considered normal. Above that, 
the reduced density of the air gives less 
effective cooling, and the sea-level tem- 
perature rise of the motor must be less 
than standard or the motor derated when 
used at high altitudes. 


Outdoor Installations: The mere fact 
that a motor will be operated outdoors 
gives rise to special considerations. Even 
in a temperate climate, antirust treat- 
ment of all affected motor parts is usually 
required when special housings are not 
used. In addition, antifungus treatments 
are required in the more tropical cli- 
mates. Occasionally special features must 
be added. For example, in the southwest, 
snake and rodent screens are necessary on 
the ventilating openings of motors in- 
stalled outdoors. 

These generally are the important en- 
vironmental factors which influence the 
selection of electrical motors. These fac- 
tors can all be satisfied in one or both 
of two ways: 1. Modifying the insulation 
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system of the electrical winding. 2. Modi- 
fying the mechanical protection, with or 
without auxiliary ventilation. 


Types of Insulation 


The use of high-temperature insulating 
materials in electric motors has opened 
up possibilities that are not yet entirely 
exploited. The applicability of the vari- 
ous classes of insulation are described 
here. 


Class A: This class consists of organic 
materials from which normal life can 
be expected if the insulation is operated 
below 105 C. This value includes a 40-C 
ambient, a 40-C rise, an allowance for 
“hot spots” in the motor, and an al- 
lowance for increased temperature rise 
caused by the overload of the “service 
factor.” The sum of these temperature- 
rise components should not exceed 105 C. 


Class B: This class includes glass fiber, 
asbestos and mica, for which normal in- 
sulation life can be obtained if the final 
temperature does not exceed 130 C. 


Class F: Extensive research with vari- 
ous plastic films and varnishes has pro- 
duced a line of insulating materials for 
intermediate temperature ranges. These 
can be used in motors operating up to a 
total temperature of 155 C. 


Class H: With the development of 
silicones for insulation impregnation, new 
high-temperature standards became prac- 
ticable. In such designs, the final operat- 
ing temperature of the insulation system 
can be 180 C. 


Types of Enclosures 


The various types of enclosures used 
for protection are reflected in the NEMA- 
standardized motor types. Specifically 
these enclosure types are designated by 
the degree of protection that the motor 
is afforded. 
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Open Motor: The majority of electric 
motors fall into this class. However, there 
are various degrees of protection involved. 
An open motor is one which has ventilat- 
ing openings to permit passage of external 
cooling air over and around the windings 
of the machine. 

Dripproor Morors are open motors in 
which the ventilating openings are so 
constructed that drops of liquid or solid 
particles, falling on the motor at any an- 
gle not greater than 15 deg from the 
vertical, cannot enter the motor either 
directly, or by striking and running along 
a horizontal or inwardly inclined surface 
of the motor. 

SpiasHPROOF Motors are open motors 
in which the ventilating openings are 
constructed so that drops of liquid, or 
solid particles, falling on the motor, or 
coming towards it in a straight line at any 
angle not greater than 100 deg from the 
vertical, cannot enter the motor either di- 
rectly, or by striking and running along 
a surface of the motor. 

SemicuaRpeD Motors are open motors 
in which part of the ventilating openings 
in the motor, usually in the top half, are 
guarded similar to a guarded motor, but 
the others are left open. 

Guarpep Morors are open motors in 
which all openings, giving direct access 
to live or rotating parts (except smooth 
shafts), are limited in size by the design 
of the structural parts, or by screens, 
grills, expanded metal, etc., to prevent 
accidental contact with such parts. Such 
openings shall not permit the passage of 
a cylindrical rod 1% in. in diam, except 
that, where the distance from the guard to 
the live or rotating parts is mor than 
4 in., they shall not permit the passage 
of a cylindrical rod % in. in diam. 

Drirproor Futty Guarpep Morors are 
dripproof motors whose ventilating open- 
ings are guarded similar to guarded mo- 
tors. 

Open ExrernaLtty VENTILATED Morors 
are ventilated by means of a separate 
motor-driven blower mounted on the mo- 
tor enclosure. Mechanical protection af- 
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Table 2—Mounting Dimensions for Type-C Face-Mounted AC Motors 




















Frames 42C-66C, 182C and 184C 
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Frames 364C-505SC and 213C-445USC 




















Old Ratings 
Di Sh (in.) 

Frame ———Clearance Hole BF. 
Number AH AJ AK BB BC BD max Number Tap Size Depth, min 
42C 1 3% 3 fy Max 5 4 4-20 
480 1 3% 3 max 5% 4 4-20 oe 
56C 2 5% 4y max 6% 4 %-16 ee 
66C 2y 5% 4% max 6% 4 %-16 ee 
364C 5 11 12% min _ 14 4 %-11 TY 

5% 11 12% % min —\% 14 4 %-11 
404C 6% i1 12% % min —% 15% 4 %-11 
405C bh, 11 12% % min —-% 15% 4 %-11 
444C 6% 14 16 % min —%\% 1s 4 %-11 
445C 6% 14 16 % min —% 18 4 %-11 
504UC 8% 14% 16% % min —\ 18 4 %-11 
506C 8% 14% 16% % min —-\% 18 4 %-11 
3648C 3 11 12% % min —k 14 4 %-11 
3658C 3 11 12% % min —% 14 4 %-11 
4048C 3% 11 12% % min —% 15% 4 %-11 
4058C 3% 11 12% % min —\% 15% 4 %-11 
4448C 4 14 16 % min 18 4 %-11 
4458C 4 14 16 % min —%\% 18 4 5-11 
5043C 4 14% 16% % min yy 18 4 %-11 
5058C 4 14% 16% % min —h% 18 4 %-11 

AK dimension Permissible shaft runout 
42C through 66C— + 0.000 in 364C through 505SC—0.003 in. in- 
364C through 5058C—+ , —0.005 in. dicator reading 
Face runout permissible eccentricity of mounting rabbet 
42C through 66C—0.004 in. indicator ing 
h indicator reading 


suffix letters CV or SCV. 
For dimensions of foot mountings, see Table 
NEMA standard (MG1-306) 


1, 


These dimensions may also be applied to vertical motors, in which case the frame designation may have the 




















Rerated 

Dimensi (in.) 
Frame U AH AJ x BB BC BD ——Clearance Hole BF. ———Key———_- 
Number min max Number Tap Size Depth, min Width Thickness 
182C and 184C % 2% 5% 4% " — by 6%? 4 %-16 t 4 4 
213C and 215C 1% 2% 7% 8% —% 9 4 %-13 
254UC and 256UC 1% 3% ™ 8% My —% 10 4 %-13 % % 4 
284UC and 286UC 1% 4% y 10% MM —% 11% 4 %-13 % 
324UC and 326UC Lt 5% 11 12% wy ae 14 4 %-11 hy on 
3248C and 3268C 1% 11 12% Me —% 14 4 %-11 N ~ 
364UC and 365UC 2% 6% 11 12% y —% 14 8 %-11 Oa le 
364U8C and 365USC 1% 3% 11 12% lg —\% 14 8 %-11 by Ay 
404UC and 405UC ak 6% 11 12% % —% 15% 8 %-11 Sy S 
404USC and 405U8C 2% 4 11 12% he —% 15% 8 %-11 ly % 
444UC and 445UC 2% 8% 14 16 % % 18 8 %-11 % y 
444U8C and 445U8C 2% 4 14 16 Ne M% 18 8 %-11 oy ty 





*Maximum for 182C and 184C frames only. 
"Nominal for 182C and 184C frames only. 








Tolerances: 
AK 


dimension 
= ii—- 286UC— + 0.000, —0.003 in. 
C through 


Permissible eccentricity of mounting rabbet 
182C through 286UC— —0.004 in. indicator reading 


445USC— + 0.000, —0.005 in. 324UC through 445USC— —0.007 in. indicator reading 


niet a Permissible shaft runout 
1820 286UC— —0.004 in. indicator reading 182C through 286UC— —0.002 in. indicator reading 
354UC through 445USC— —0.007 in. indicator reading 324UC through 445USC— —0.003 in. indicator reading 


Notes: 
2 


These dimensions may also be applied to vertical motors, in which case the frame designation may have the suffix letters CV, 


UCV, or SCV. 


NEMA standard (MG1-3.06.b) 
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forded is the same as for dripproof, splash- 
proof, semiguarded, guarded and dripproof 
fully guarded motors. 

Open Prrz-VENTILATED Motors are open 
motors, except that openings for the ad- 
mission of the ventilating air are arranged 
so that inlet ducts or pipes can be con- 
nected to them. This air may be circu- 
lated by means integral with the motor 
or by means external to and not a part of 
the motor. In the latter case, this motor 
is sometimes known as a force-ventilated 
motor. Enclosures may be dripproof, 
splashproof, guarded, or semiguarded. 

WEATHER-Protectep Motors—Tyrz 1— 
are open motors with ventilating passages 
constructed so as to minimize the’ en- 
trance of rain, snow and airborne particles 
to the electric parts and having the venti- 
lated openings so constructed as to pre- 
vent the passage of a cylindrical rod % 
in. in diam. 

WEATHER-ProtecteD Motors—Typz 2— 
have, in addition to the enclosure defined 
for weather-protected Type 1 motors, ven- 
tilating passages at both intake and dis- 
charge arranged so that high-velocity air 
and airborne particles blown into the mo- 
tor by storms or high winds can be dis- 
charged without entering the internal 
ventilating passages leading directly to the 
electric parts of the motor. The normal 
path of the ventilating air which enters 
the electric parts of the motor is con- 
trolled by baffling or separate housings 
to provide at least three abrupt changes 
in direction, none of which shall be less 
than 90 deg. In addition, an area of low 
velocity not exceeding 600 fpm is pro- 
vided in the intake-air path to minimize 
the possibility of moisture or dirt being 
carried into the electric parts of the mo- 
tor. 

Toratty Enciosep Motor is a motor 
which is enclosed to prevent the free ex- 
change of air between the inside and the 
outside of the case, but not sufficiently 
enclosed to be termed airtight. 

Toratty Enciosep NoNvENTILATED Mo- 
Tors are totally enclosed motors which are 
not equipped for cooling by means ex- 
ternal to the enclosing parts. 

Toratty ENciosep Fan-Coortep Motors 
are totally enclosed motors which are 
equipped for exterior cooling by means of 
a fan, or fans integral with the motor but 
external to the enclosing parts. 

Exp.osionProor Morors are totally en- 
closed motors with enclosures designed 
and constructed to withstand an explo- 
sion of a specified gas or vapor which 
may occur within them and to prevent 
the ignition of the specified gas or vapor 
surrounding the motors by sparks, flashes 
or explosions of the specified gas or vapor 
which may occur within the motor casing. 

Dust-IcnrrionpRooF Morors are totally 
enclosed motors with enclosures designed 
and constructed to exclude ignitable 
amounts of dust or amounts which might 
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affect performance or rating, and to pre- 
vent arcs, sparks, or heat otherwise gener- 
ated or liberated inside of the enclosure 
from causing ignition of exterior accumu- 
lations or atmospheric suspensions of a 
specific dust on, or in the vicinity of, the 
enclosure. 

WareRProor Motors are totally enclosed 
motors which are constructed to exclude 
water applied in a stream from a hose, 
except that leakage may occur around the 
shaft, provided it is prevented from enter- 
ing the oil reservoir and provision is made 
for automatically draining the machine. 
The means for automatic draining may 
be a check valve, or a tapped hole at the 
lowest part of the frame, which will serve 
for application of a drain pipe. 


Toratty Enciosep Pree-VenTILaTeD Mo- : 


Tors are totally enclosed motors, except for 
openings arranged so that inlet and outlet 
ducts or pipes may be connected to them 
for the admission and discharge of the 
ventilating air. This air may be circu- 
lated by means integral with the motor, 
or by means external to and not a part 
of the motor. In the latter case, these 
motors are known as force-ventilated mo- 
tors. 

Toratty Enctosep Warer-Coorep Mo- 
Tors are totally enclosed motors which are 
cooled by circulating water. The water, 
or water conductors, are in direct contact 
with the motor parts. 

Toratty Encrosep Warer-Anp-Arr- 
Coorep Morors are totally enclosed motors 
which are cooled by circulating air which, 
in turn, is cooled by circulating water. 
They are provided with a water-cooled 
heat exchanger for cooling the ventilating 
air and a fan or fans, integral with the 
rotor shaft or separate, for circulating the 
ventilating air. 

Toratty Enciosep Arm-To-Am-CooLep 
Motors are totally enclosed motors which 
are cooled by circulating the internal air 
through a heat exchanger which, in turn, 
is cooled by circulating external air. It is 
provided with an air-to-air heat exchanger 
for cooling the ventilating air and a fan 
or fans, integral with the rotor shaft or 
separate, for circulating the internal air 
and a separate fan for circulating the ex- 
ternal air. 

Toratty ENctosep, Fan-Coorep 
Guarpep Morors are totally enclosed, fan- 
cooled motors in which all openings giv- 
ing direct access to the fan are limited 
in size by the design of the structural 
parts, or by screens, grills, expanded metal, 
etc., to prevent accidental contact with the 
fan. Such openings do not permit the 
passage of a cylindrical rod 1% in. in diam, 
except that, where the distance from the 
guard to the fan is more than 4 in., do 
not permit the passage of a cylindrical rod 
3%, in. in diam. 


Other Motor Types: In addition to 
the NEMA-standardized enclosures already 
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listed, certain other motor designs that in- 
volve modified enclosure or ventilating 
systems are available. 

LintrreE Morors have ventilating pas- 
sages that are streamlined to prevent the 
build up of airborne lint or other particles. 
Current trends are toward enclosed mo- 
tors for these applications. 

Santrary Morors are enclosed or splash- 
proof motors, designed to meet sanitary 
standards of the dairy and food industry. 
External surfaces are streamlined and 
rounded so that no pockets or crevices 
can shelter dirt and bacteria from a hos- 
ing or cleaning operation. 

EncaPsuLaTeD Motors incorporate both 
insulating material plus mechanical pro- 
tection features in one motor. This makes 
it possible to modify the type of enclosed 
motor needed under severe atmospheric 
conditions. 

One method of building such motors is 
to use moulds that fit over the end coils, 
and into the field bore. The plastic im- 
pregnation is introduced after the air is 
evacuated, and then pressure is applied. 
As a result, this material completely en- 
cases the winding around the end coils 
and in the slots. Other degrees of en- 
capsulation make use of successive dips 
in special varnishes, with vacuum im- 
pregnation, a baking cycle, and then ad- 
ditional dips to obtain a heavy build-up 
of protective varnish. 

The enclosed motors previously de- 
scribed are not airtight. Hence, the inside 
of the motor is exposed to some quanti- 
ties of the contaminant in the ambient 
air. By encapsulation, the protective coat- 
ing around the winding is heavy enough 
and chemically resistant enough to with- 
stand such exposures. These motors are 
being used on many applications where 
total enclosure was heretofore considered 
necessary. 

Cannep Pump Morors apply to nuclear 
applications. They consist of an induction 
motor and pump parts assembled in a 
pressure container that is arranged so that 
the nuclear system coolant can be pumped 
with zero leakage from the system. 

The magnetic gap of the motor is filled 
with water or other fluid, and the stator is 
isolated from that fluid by a barrier. 

In some cases, these motors are built 
with a stainless-steel tube in the air gap 
and stainless-steel rings on the ends, com- 
pletely encasing the stator winding. The 
rotor is similarly sealed in a stainless- 
steel cylinder. For pumping applications, 
this represents the ultimate in enclosure or 
protection. The liquid pumped is fre- 
quently the coolant through the air gap 
and around the stator can, or in case it is 
a hot liquid, the motor may be provided 
with high-temperature insulations. These 
motors withstand any corrosion for which 
the stainless-steel casings are impervious. 


Cost Comparisons: The most economi- 
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Table 3—Mowunting Dimensions for Type-D Flange-Mounted Motors 







































































Old Rating 
7 — Dimensions (in.) = Hole BF_ 
Number AK AJ AH BB, max Bo BD, max Size Number 
" 364D 14 16 5h % 0 18 tt 4 
365D 14 16 55 % 0 18 # 4 
404D 14 16 nay % 0 18 # 4 
406D 14 16 6% % ° 18 # 4 
444D 18 20 ™ y o 22 # 8 
445D 18 20 ™% % 0 22 # 8 
604UD 18 22 8% M 0 25 Ht 8 
505D 18 22 aN % 0 25 # 8 
3648D 14 16 3% % 0 18 # 4 
365SD 14 16 3% % 0 18 # 4 
4048D 4 16 3% % t) 18 # 4 
4058SD 14 16 3% % 0 18 # 4 
4448D 18 20 4h % 0 22 Ht 8 
4458D 18 20 4% he 0 22 it 8 
5048D 18 22 4% % 0 25 # 8 
5058D 18 22 4% % 0 25 # 8 
Tolerances: 


AK dimension: + 0.000, —0.006 in. 
Face run out and permissible eccentricity of mounting rabbet; 0.007-in. indicator reading. 
Permissible shaft runout; 0.003-in. indicator reading. 


Notes: 
These dimensions may also be applied to vertical motors, in which case the frame designation may have suffix letters DV or SDV. 
For dimensions of foot, see Table 1. 


NESMA standard (MG1-3.07) 

















Rerated 
Dimensions (in.) —— Key —_— ——Clearance Hole BF— 
Recom- 
me 

Frame BB, BE, 

Number Al AK 8D, max AH BC max nominal Uv Width Thickness Size Number Length 
182D and 184D 10 9 n 2% 0 % % % ” a rr 4 1% 
213D and 215D 10 9 11 3 0 Ne ~ 1% % % a 4 1% 
254UD and 26UD 12% 11 14 3% 0 % Ny 1% te * # 4 2 
284UD and 286UD 12% 11 14 4% C) w % 1% ws % it 4 ~ 
324UD and 326UD 16 14 18 5% 0 % % 1% ay % i? ‘4 - 
3248D and 3268D 16 4 18 3% 0 Me we 1% % % # 4 . 
364UD and 365UD 16 14 18 6S ty) Me XN 2% fa % # ‘4 ° 
364USD and 365USD 16 14 18 3% t) Ww % 1% M Yb Ht 4 ~ 
404UD and 405UD 20 18 22 ™% 0 % 1 2% Ss % # & 2% 
404USD and 405U8D 20 18 22 4% 0 % 1 2% 4 M% Ht 8 2% 
444UD and 445UD 20 18 22 Soy 0 % 1 2% MM x“ cad 8 2% 
444USD and 445U8SD 20 18 22 4% 0 ye 1 2% oe fy tt 8 2% 
Tolerances: 

AK 4 


imension 
182D through 286UD — + 0.000, —0.003 in. 
= a — +0.000, age) in. nee 
runout eccentricity of moutning , 
Permissible runout. 
182D through 286UD — 0.002-in. indicator reading 


32UD 445U8D — 0.003-in. indicator reading 
NEMA ‘‘aomee (MG1-3.07.a) 











5D Macuine Desicn—Tue Execrric Motor Boox 




















9—ENCLOSURES AND MOUNTING METHODS 





Table 4——Mounting Dimensions for Types P and PH Vertical Hollow-Shaft AC Motors 
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ja as) 


















































Coupling Dimensions (in.) 














Frame Base Dimensions (in. ) 
Number BF 
BB BD Clear- Standard Bore Maximum Bore 

Ad AK Min Max ance Bx Keyway BY BZ Bx Keyway BY BZ 
182P 9% 8% * 10 4 0.751 aX 10-32 1% 0.751 aXh 10-32 1% 
184P aM 8% a” 10 Pea 0.751 *&Xe* 10-32 1% 0.751 aXe 10-32 1% 
184P why 8% red 10 m4 0.751 ‘aXe 10-32 1% 0.751 aXe 10-32 Ty 
213P a hy 8% * 10 we 0.751 aXe 10-32 1% 0.751 aX 10-32 1% 
215P 9% 8% Ped 10 a 0.751 aXe 10-32 1% 1.001 “ux* 10-32 oN 
24UP oh 8% * 10 ae 0.751 aXe 10-32 1% 1,001 4%x% 10-32 1% 
256UP Le 8% * 10 a 1.001 %x% 10-32 1% 1.001 “%x% 10-32 1% 
284UP oly 8% wv 12 te 1.001 %xX% 10-32 ky 1.188 %x% %-20 1% 
286UP 9% 8% a 12 a 1.001 %xX%* 10-32 1% 1.188 %xX% %-20 1% 
324UP 14% 13% Me 16% 4 1.188 %X% %-20 1% 1.501 %X% %-20 2% 
326UP 14% 13% _ 16% te 1.188 %x% %-20 1% 1.501 “xX %-20 2% 
364UP 14% 13% le 16% # 1,188 %X% %&-20 1% 1.501 %X% %-20 2% 
365UP 4% 13% Me 16% +4 1.501 “xX* %-20 ow 1.501 “xX* %-20 2% 
404UP 14% 13% Ne 16% +t 1.501 “X* %-20 2% 1.751 “X*% %-20 2% 
405UP 14% 13% Ne 16% tt 1.501 eX %-20 2% 1.751 “X* %-20 2% 
444UP 14% 13% M 20 or 1.688 “X% %-20 2% 1.938 *x% %-20 2% 
445UP 14% 13% hy 20 te 1.688 “aX %-20 2% 1.938 *xX% %-20 2% 





AE dimension 
82P through 286UP. 


Face runout 


182P 
324UP through 445 . 007 -in. 


Bx 


NEMA standard (MG1-3.08.a) 





dimension 
Up to and including 1%-in. diam, + 0.001, 
than 1%-in. diam, + 0.0015, —0.000 in 


1 — + 0.003, —0.000 in. 
324UP through 445UP— + 0.005, —0.000 in. 


182P through 286UP—0.004-in. indicator reading 
324UP through 445UP—0.007-in. indicator reading 
Permissible eccentricity of mounting rabbet 
through 286UP—0.004-in. indicator reading 
UP—0. indicator reading 


—0.000 in. 








cal in first cost of all of these motors is 
the standard open type. In addition, how- 
ever, further degrees of protection are often 
provided without extra cost: Dripproof, 
splashproof, semiguarded, guarded, and 
dripproof fully guarded. Also, this same 
motor can often be obtained with weather 
protection. 

Motors with all of these degrees of pro- 
tection are more commonly available in 
integral-horsepower sizes, rather than in 
the very small motors. 

Externally ventilated and pipe-ventilated 
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open motors are most often associated with 
larger sizes, 100 hp and above. However, 
special considerations sometimes make it 
economical and necessary to use these in 
small ratings. 

Totally enclosed motors are nearly al- 
ways more expensive than the open de- 
signs. In the smaller fractional-horsepower 
sizes, the ratio of heat-dissipating surface 
area to watts loss is so favorable that 
many ratings, open or enclosed, can be 
built with about the same cost. 

As the motor size increases, fins are 


necessary on the body and heads to in- 
crease this area-to-loss ratio, and hence, 
the cost. 

Then, in progressive horsepower stages, 
as the input and losses go up faster than 
the frame areas, motor protection and 
cost increase from totally enclosed non- 
ventilated, totally enclosed fan-cooled, to- 
tally enclosed pipe-ventilated, totally- 
enclosed water-cooled, totally enclosed 
water-air-cooled to totally enclosed air-to- 
air cooled. interposed in this list should 
be the explosionproof motors, the cost of 
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Totally Enclosed, Fon Cooled Encapsulated 


Typical Motor Enclosures 








Forced 
Ventilated 


Pipe 
Ventilated 


Dripproof, Splashproof, Guarded Open 








Photo courtesy 
Allis - Chalmers 
Mfg. Co 
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which are somewhat higher than the plain 
totally enclosed fan-cooled motors, but 
less than many constructions with elaborate 
ventilating systems. 

Care should be taken to analyze the 
motor protection requirements, because 
many motors are specified with higher 
degrees of enclosure and protection than 
are often necessary. 


Mounting Methods 


Rigid Mounting: The simplest and least 
expensive method of mounting an electric 
motor is the standard rigid base. The 
position of the base mounting holes, with 
reference to each other and to the loca- 
tion of the shaft, is one of the items speci- 
fied in NEMA standardization, Table 1. 


Resilient Mounting: Many methods 
have been employed to introduce some 
resiliency between the motor and its 
mounting. This is always done to isolate 
motor vibration and reduce noise. Every 
dectric motor, regardless of the degree 
of mechanical balance of its rotating 
parts, has vibrations of various frequencies 
which are magnetic in nature and which 
can be transmitted to the surrounding 
equipment. ~ Resilient elements are some- 
times used under the feet, or between the 
base and the body of the motor. 

However, the most effective deadening 
arrangement is to introduce the resiliency 
as close as possible to the hubs. Typical 
of this type is the cradle-type base, with 
standardized mounting holes, supporting 
the motor through rubber rings around the 
hubs. This construction is very common 
with fractional horsepower motors and is 
used in some applications which require 
quiet motors up to 10 hp. 


Flange or Face Mountings: NEMA has 
standardized two end mounts, types C 
and D, and two flange mounts types P 
and PH. 
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Type-C Face Mounrtinc is essentially 
a flat mounting face with a male rabbet, 
Table 2. The rabbet diameter is fixed by 
standards and is the same for several 
different frame diameters. However, the 
diameter generally increases as the frame 
size goes up. The bolt-circle diameter is 
also standardized. The general construc- 
tion is such that mounting bolts must be 
applied through the connected device to 
the motor face. This type of face mount- 
ing is used on motors down to fractional 
horsepower frames, 66, 56, 48, and 42. 

Th: C-face motor is frequently used 
horizontally with feet, and for such cases, 
the distance from the face to the mount- 
ing holes is standardized. 

Various lines of magnetic brakes and 
gear drives are available as separate units 
that can be mounted to standard C-face 
construction. 

Type-D France Mountinc is a stand- 
ardized end mount consisting of a flat 
mounting face with a male rabbet, Table 
3. For this line of mountings, the out- 
side diameter is larger than for the type 
C, and the mounting holes are always 
outside the OD of the rabbet. The motor 
can be assembled by bolts through the 
flange, into the driven device. 

This flange, like the type C, is fre- 
quently used either horizontally or verti- 
cally, and relative locations of the face 
and feet are fixed by standards. 

Standardized D-flanges are set up only 
for the integral horsepower frames, 182 
through 445. 

P anp PH-Fiances are standardized 
mountings and were developed largely for 
the vertical pump industry using solid or 
hollow shafts for driving pump impellers, 
Table 4. They employ a female rabbet 
with mounting holes on a diameter which 
is greater than that of the rabbet. 

These types are available only in the 
integral horsepower frames, 182-445. 

Derintre Purpose Mountines have been 
standardized by NEMA in collaboration 
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with various industries and are specifi- 
cally intended for definite driven devices. 
A few of the more common types are: 

Oil-Burner Motors: These make use of 
a standardized head with two male rab- 
bets on different diameters and two lugs 
extending from the outer diameter. They 
are widely used in the oil-burner industry 
and have also found limited application 
elsewhere. 

Cellar-Drainer and Sump-Pump Motors: 
Standardized mountings for these motors 
consist of an enlarged hub, on the shaft 
extension end, machined to fit the support 
pipe for a pump. 

EXTENDED THROUGH-BOoLTs are common 
method of mounting lightweight, frac- 
tional-horsepower motors. Through-bolts 
are extended so that they can fasten to 
some part of the driven device. This 
method is very common in fans and blow- 
ers. It is recommended that some type of 
resilient bushing and washers be supplied 
for blower drives between the motor bolts 
and the blower housing. 

Although this method is very common, 
the diameter across motor through-bolts 
varies widely from one manufacturer to 
another. Hence, the sources of motors, 
once an application is established, are 
limited. 

Specia. Mountincs: The motor indus- 
try regularly builds dozens of special 
mounting flanges, or mounting arrange- 
ments, for specific customers. In some 
cases, several suppliers have developed the 
same heads for mutual customers, or a 
mounting may be peculiar to one supplier 
and one user. 

Frequently the application may be so 
special as to justify the development. But, 
many times motor users develop their 
devices and then find that the motors 
they require need special engineering 
with new end heads. In many of these 
applications, a standard mounting ar- 
rangement could have been adopted early 
in the design and considerable cost saved. 





CHAPTER 





Selection and application 


Fractional-Horsepower Motors 








ARLY delivery and minimum cost are 

two primary advantages obtained by 
specifying standard, rather than special, 
fractional-horsepower electric motors. Rea- 
sons include the availability of multiple 
sources of supply and the elimination of 
charges for stocking special parts or for 
extra engineering of units, 

Normally, specifications for fractional- 
horsepower motors include a description 
of available power supply, intended and 
projected use, duty cycle, space limitations, 
and ambient conditions. Based upon this 
information, a supplier selects the simplest 
motor available to permit fast delivery 
and to eliminate the cost of features or 
capacity that are not required. 

But, if some application detail is over- 
looked, the motor furnished may fail to 
perform satisfactorily on the job even 
though it meets the original specifications. 
Specially engineered designs may fail also 
as a result of incomplete information, and 
here the cost is much greater. 

By contrast, careless planning or analy- 
sis may result in too much information. 
Unnecessary restrictions may call for a 
special rather than a standard motor or 
combination of standard parts. 

Often, a poor choice of motor is made 
simply because of lack of information 
on: 

1. What is standard? 

2. What is readily available? 

3. What can be offered different from 
standard but with a minimum 
penalty in time and expense? 

Standards for fractional-horsepower :mo- 
tors have been established by National 
Electrical Manufacturers Association 
(NEMA). These standards, NEMA Stand- 
ards Publication MG 1-1959, Motors and 
Generators, cover both electrical perform- 
ance and mechanical configuration and 
are quite complete. Fortunately, many 
manufacturers have adopted them. These 
standards serve as a guide for the user 
as well as the manufacturer. Consequent- 
ly, throughout this .\apter references to 
paragraphs in NEMA MG 1-1959 will be 
inserted to indicate where additional in- 
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formation on a subject can be found. 
This chapter, then, covers information 
that is necessary for proper specification 
of fractional-horsepower motors. Motor 
fatures and performance are described 
and related to basic industry standards. 


Electrical Considerations 


The minimum information required on 
motor nameplates is outlined by NEMA 
(MG 1-2.16). Because the same motor 
may be used in many different applica- 
tions, nameplates are reserved for in- 
formation that specifically applies to the 
motor. “Nonmotor” details should not 
be included on the nameplate. 


Voltage: Standard motor voltages and 
system voltages are listed in Table 1, and 
the most common voltages encountered 
for different types of motors are as fol- 
lows: 


Single phase motors 
Split phase 
Capacitor start 
Permanent split ca- 

pacitor 
Shaded pole 


Three-phase motors 
208-220, 208-220/440 and 550 v 

Motors are designed to operate satisfac- 
torily on plus or minus 10 per cent of 
the voltage indicated on the nameplate. 
Performance changes only slightly within 
this range, and motor life is not appre- 
ciably affected in most applications. 

To avoid confusion, standard voltage 
of the equipment, rather than the system 
voltage, should be shown on the motor 
nameplate. Nominal system voltages are 
designations for electrical power systems, 
and their use for motors should be limited, 
if used at all, to requesting motors for 
a certain system voltage, rather than speci- 
fying them as the motor voltage rating. 
Specifications and orders calling for mo- 
tors with nominal system voltages as the 
motor voltage rating can result in time 


115 and 230 v 
115 and 115/230 v 


115 and 230 v 
115 and 230 v 


loss and increased costs of the motor, 
Consequently, persons specifying motors 
are encouraged to specify standard NEMA 
motor voltage ratings. 

NEMA and the Edison Electric Institute 
(EEI) have esablished preferred voltage 
ratings for alternating-current equipment 
and for United States power distribution 
system to which the equipment is ap- 
plied. Only the portion of the voltages 
which apply to fractional horsepower 
motors is shown in Table 1. 


Horsepower Output: The horsepower 
rating of an induction motor design is 
obtained from NEMA’s Basis of Horse- 
power Rating tables (MG 1-2.07). Horse- 
power is based on the minimum value 
of breakdown torque. While permitting 
maximum design flexibility, these tables 





Table 1—Standard System and 
Motor Voltages 


Motor Voltage —— 
Polyphase 





System Voltage* Single Phase 
(v) (v) (v) 
120 115 110 
120/208 Y 115 208-220 
240 230 220 
480 ° 440 


*Voltages are preferred nominals for 
standard U. 8. alternating current. 


Reference: NEMA MG1-1959, Par. 2.01. 








Table 2—Service Factors 


for AC Motors* 
— Power ‘Service Facter 
(hp) 
1/20, 1/12, 1/8 i 1.4 
1/6, 1/4, 1/3 1.35 


1/2, 3/4, 1 1.25 


*Values are ‘for motors having a rated 
temperature rise of 40 C when operated at 
rated voltage and frequency. 

Reference: NEMA MG 1-1959, Par. 4.16. 
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Table 3—Breakdown Torque for Single-Phase Induction Motors* 








53.0-69.5 





*Ratings do not 


rated frequency. 


Reference: NEMA MG 1-1959, Par. 


include shaded-pole and permanent-split capacitor motors. 
tThese approximate full-load speeds are standard values. 
$Horsepower rating of motors designed to operate on two or more frequencies is determined by the torque at the highest 


Number of Poles 2 2 4 4 6 6 8 
Frequency (cps) 60 50 60 50 60 50 60 
Synchronous Speed (rpm) 3600 3000 1800 1500 1200 1100 900 
Rated Speed? (rpm) 3450 2850 1725 1425 1140 950 850 
Motor Rating (hp) Breakdown Torque} (oz-ft) 
1/20 2.0-3.7 2.4-4.4 4.0-7.1 4.8-8.5 6.0-10.4 7.2-12.4 8.0-13.5 
1/12 3.7-6.0 4.4-7.2 7.1-11.5 8.5-13.8 10.4-16.5 12.4-19.8 13.5-21.5 
1/8 6.0-8.7 7.2-10.5 11.5-16.5 13.8-19.8 16.5-24.1 19.8-28.9 21.5-31.5 
1/6 8.7-11.5 10.5-13.8 16.5-21.5 19.8-25.8 24.1-31.5 28.9-37.8 31.5-40.5 
1/4 11.5-16.5 13.8-19.8 21.5-31.5 25.8-37.8 31.5-44.0 37.8-53.0 40.5-58.0 
1/3 16.5-21.5 19.8-25.8 31.5-40.5 37.8-48.5 44.0-58.0 53.0-69.5 58.0-77.0 
1/2 21.5-31.5 25. 8-37.8 40.5-58.0 48.5-69.5 58.0-82.5 69.5-99.0 
3/4 31.5-44.0 37.8-53.0 58.0-82.5 69.5-99.0 
1 44.0-58.0 





(See Table 4.) 


tRange of breakdown torque includes the higher figure down to but not including the lower figure. 
2.07. 








Number of Poles 
Frequency (cps) 
Synchronous Speed (rpm) 
Shaded-Pole Motor, Rated Speed* (rpm) 
Permanent-Split Capacitor 
Motor, Rated Speed* (rpm) 


Motor Rating? (hp) 








rated frequency. 





Reference: NEMA MG 1-1959, Par. 2.07 


Table 4—Breakdown Torque for Single-Phase Shaded-Pole 
and Permanent-Split Capacitor Induction Motors 





*These approximate full-load speeds are standard values. 
tHorsepower rating of motors designed to operate on two or more frequencies is determined by the torque at the highest 


4 4 6 
60 50 60 
1800 1500 1200 
1550 1300 1050 

1625 1350 


1075 








Breakdown Torque® (oz-ft) 


1/20 3.20-4.13 3.80-4.92 4.70-6.09 
1/15 4.13-5.23 4.92-6.23 6.09-7.72 
1/12 5.23-6.39 6.23-7.61 7.72-9.42 
1/10 6.39-8.00 7.61-9.54 9.42-11.8 
1/8 8.00-10.4 9.54-12.4 11.8-15.3 
1/6 10.4-12.7 12.4-15.1 15.3-18.8 
1/5 12.7-16.0 15.1-19.1 18.8-23.6 
1/4 16.0-21.0 19.1-25.4 23.6-31.5 
1/3 21.0-31.5 25.4-37.7 31.5-47.0 
1/2 31.5-47.5 37.7-57.3 47.0-70.8 
3/4 47.5-63.5 57.3-76.5 


6 8 

50 60 

1000 900 

875 800 

900 825 
5.70-7.31 6.20-8.00 
7.31-9.26 8,00-10.1 
9.26-11.3 10.1-12.4 
11.3-14.2 12,4-15.5 
14.2-18.4 15.5-20.1 
18.4-22.5 20.1-24.6 
22.5-28.3 24.6-31.0 
28.3-37.6 31.0-41.0 
37.6-56.5 41.0-61.0 
56.5-84.8 





§Range of breakdown torque includes the higher figure down to but not including the lower figure. 








of NEMA standards also contribute im- 
mensely to the conformity of horsepower 
fatings among motor manufacturers. 

Power output is usually expressed as 
horsepower in fractional values from 1/20 
to | hp (3450 rpm). In smaller sizes, 
below 1/20 hp, millihorsepower is used. 
However, some suppliers use decimal val- 
tes. Horsepower is a measure of the 
available shaft output power. Since input 
power is more than the output, power- 
tarrying lines and fuses are based on 
Nameplate full-load current of motor in- 
put, rather than output. 


Frequency: Fractional-horsepower mo- 
tors are designed to perform satisfactorily 
Within a plus or minus 5 per cent fre- 
quency range. While motor performance 
will be satisfactory with either a 5 per 
Cent variation in frequency or a 10 per 
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cent variation in voltage, the combined 
variance should not exceed 10 per cent. 
However, frequency variation is seldom a 
problem. However, operation of a 60- 
cycle motor on a 50-cycle source, or vice 
versa, is not uncommon. Motor operation 
at other than nameplate frequency requires 
careful investigation of the effect on per- 
formance and life. 

Worldwide, frequency for industrial 
and domestic apparatus varies in the 
range of 25 to 60 cycles. In the United 
States, 60-cycle power is almost uni- 
versally available, with the few exceptions 
in industrial plants. Elsewhere, both 50 
and 60-cycle power is common. Only 
in a few special cases is 25, 40 and 42- 
cycle equipment specified. Some motors, 
three-phase for instance, may contain a 
60/50 cycle callout on the nameplate, 
meaning that operation on either 60 or 


50 cycles is satisfactory. There is, how- 
ever, no service factor allowance when 
operating a 60/50 cycle open motor on 
50 cycles. 


Speed: Standard speed ratings for vari- 
ous power ratings and frequencies have 
been established by NEMA. Tables in 
Par. MG 1-2.06 also give corresponding 
synchronous speeds. However, recom- 
mended full-load speeds are only approxi- 
mate, and full power may not be devel- 
oped at the exact speed listed. While 
experience and design limiting factors 
have determined the nameplate speeds, 
the speed selected agrees with the NEMA 
standards. Most common are 60-cycle 
speeds of 3450 (2-pole), 1725 (4-pole) and 
1140 rpm (6-pole). 


Service Factor: For motors which have 
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Fig. 1—Outlines and dimensions of base-mounted and T 








C face-mounted fractional- 


horsepower motors. Dimensions D, E, F, U, AJ, AK, BA BB are standard. W is vari- 
ation tolerance so N—W is shaft lengthh (NEMA MG 1-1959). 
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Fig. 2—Speed vs torque curves for three 


horsepower motors. Data for a are: At rated 40-C rise—115 
and 230 v, 60 and 50 cps, moderate starting current and torque; 


at rated 50-C rise—115 and 230 v, 60 and 50 


current, moderate starting torque. Data for 


a rated temperature rise of 40C continu- 
ous duty, the service factor is a multiplier 
which is applied to rated horsepower to 
indicate maximum permissible loading, 
Table 2. When a motor operates at this 
allowable overload, it has a greater tem- 
perature rise and may have different ef- 
ficiency, power-factor, and speed than at 
rated load. However, locked-rotor torque 
and current, and breakdown torque, re- 
main unchanged. Also see MG 1-6.06. 


Classifying Methods 


Motors may be classified in several 
ways, yet no one method necessarily gives 
a complete picture. Three basic descrip- 
tions are covered here. Motors may be 
classified also by performance or electrical 
type. However, these methods will be 
discussed in separate sections. 


Application: A general-purpose motor 
is any open motor that has a continuous 
40C rating. Mechanical construction and 
operating characteristics conform to estab- 
lished standards. Such a motor is suitable 
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io) 100 200 300 400 
. Torque (per cent of full load) 


(b) Capacitor Start 


ical fractional- 


high starting starting 
are: At rated 220/440 
torque. 


for operation under usual service condi- 
tions and is not restricted to a particular 
application or type of application. Also 
see MG 1-1.05. 

A definite-purpose motor is similar to a 
general-purpose motor but is designed for 
use under service conditions other than 
usual or for particular applications, For 
example, performance of an open-con- 
struction motor and its enclosed version is 
similar, but the enclosed motor has no 
service factor. Also see MG 1-1.06, MG 
1-1.08. 

A special-purpose motor has special op- 
erating characteristics, or special mechan- 
ical construction, or both. It is designed 
for a particular application and does not 
fall within the definition of a general- 
purpose or definite-purpose motor. For 
example, a special-purpose motor can be 
designed electrically and mechanically to 
satisfy a particular application, Also see 
MG 1-1.09. These latter two categories 
are discussed in other chapters. 


Power: The range of fractional-horse- 
power motors extends from 1/20 hp at 
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Torque (per cent of full load) 
(c} Three Phase 


40-C rise—115 and 230 v, 60 and 50 cps, moderate starti 

current, very high starting torque; at rated 50-C sieo—483 aul 

115/230 v, 60 cps, modera i 

torque. Data for c are: At rated 40/50-C rise—208- 
550 v, 60/50 cps, normal starting current 


te starting current, moderately high 


1140 rpm to 1 hp at 3450 rpm. Motors 
within this range are usually supplied as 
single-phase and polyphase squirrel-cage 
induction motors. The basis for deter- 
mining power rating is given in Tables 3 
and 4. Motors of less than 1/20 hp are 
called subfractional-horsepower motors. 

Physical Size: The most common frame 
sizes for fractional-horsepower motors are 
NEMA 48 and 56. Some manufacturers 
still supply fractional-horsepower motors 
in NEMA 66 frame sizes (having 4! in. 
shaft height). However, only NEMA 48 
and 56 frame sizes are covered here, Fig. 
1 and Table 5. 


Performance 


Motor performance is usually presented 
as a curve plot of speed versus torque. 
Basic curves, Fig. 2, indicate the torque 
developed by a motor at any given speed 
from its starting point, past the full-load 
point, to a theoretical zero-torque point. 

Important points on a _ speed-torque 
curve are: 

1, Full-load torque—the point at 














10—FRACTIONAL HORSEPOWER MOTORS 








































































































which rated power is developed motor to decelerate rapidly. which load requirement and motor out- 
when rated voltage is applied to 3. Locked-rotor torque—the initial put are matched. At this load point, mo- 
the motor. torque available when the motor is tor operation becomes stabilized. With 
2. Breakdown torque—the point at energized at standstill. single-phase operation, Fig. 2a and b, ac- 
the “knee” of the curve where any After breakaway, the motor accelerates celeration on the starting curve stops at 
additional! load torque causes the along the starting curve to a speed at approximately 75 per cent of synchronous 
speed. Here, a centrifugal mechanism re- 
| moves the starting winding from the elec- 
trical circuit. The motor then accelerates 
Table 5—Dimensions of Foot and along the running-speed curve. 
Face-Mounted Motors* On motor performance curves, the 
NEMA alee point of operation is determined by the 
No. D EF BA N-W U Width Thickness Length+ intersection of the load curve of the driven 
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. of letter ensions. . 
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Oo a . . 
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temperature can be maintained. A few 
degrees variation does not appreciably 
affect test results or calculations. 

Performance curves in Fig. 3 are for 
motors operating “cold” at approximately 
25C. As the motor warms up under load, 
performance characteristics change. (For 
example, the speed curve drops slightly.) 
Thus, if motor performance is unsatis- 
factory, the available “hot” data cannot 
be compared directly with the standard 
cold-data curves. Consequently, motor 
manufacturers often require cold data for 
a proposed application for comparison 
with the standard motor curves. 

Cold data for a motor are obtained by 
tabulating all inputs and speed before the 
motor warms up, usually within 30 sec 
after energizecion. A reading of watts 
input is best for determining an operat- 
ing point on the curve. Measurements of 
current are not as reliable because cur- 
rent flow between two production motors 
may vary more than watts input. Check- 
ing current flow against nameplate values 
is even less valid because nameplate cur- 
rent is at best a compromise between de- 
sign values and production variations. 

An example of the information that 
can be obtained from a performance curve 
is illustrated for Fig. 3a. At full-load, ap- 

.proximate values for torque and power 
output are 24 oz-ft and 373 w. The 
torque curve is representative of produc- 
tion motors of the same model and tye 
but is not a guarantee of performance for 
any one motor. Data at the service factor 
or other loads can be scaled off the per- 
formance curves by multiplying full-load 
output in watts by the desired value. ‘or 
example, at 1% load the power output is 
Y (373) — 186.5 w. A vertical dashed 
line is drawn through this point on Fig. 
3a. Full-load data, and '¥-load data from 
the intersection of the dashed line with 
the performance curves, are given in Ta- 
ble 6. 

Power output is determined from 


TS 
"16(5250) 
where P = motor power, hp; T = 
torque, oz-ft; S = speed, rpm. Thus, 
_ 24(1735) 
~ 16(5250) 


= 0.496 hp 


Full-load output watts for a /-hp mo- 
tor should be ('% hp) (746 w/hp) = 373, 
which is the approximated value read 
from the curve in Fig. 3a. 


Motor Types 
Fractional-horsepower motors are fre- 
quently classified by electrical type. 


Characteristics and performance of the 
more common polyphase and _ single- 
{phase motors are covered here. 


Polyphase Motors: Both two-phase and 
;three-phase motors are included here. 











Table 6—Motor Performance Data 




















Lead Torque Speed PowerlIn PowerQut Current Power Efficiency 
(oz-ft) (rpm) (w) (w) (amp) Factor (per cent) 
Full 24 1735 550 373 3.6 65.5 67.5 
% 12 1765 310 186.5 2.9 45.5 59.5 
Data from Fig. 3a. 
These motors have a separate set of and shaded pole. Other types are avail- 


windings for each phase of the polyphase 
circuit. Because of the available phase 
difference, the auxiliary or start winding 
that is required for single-phase motors 
is eliminated. 

Fractional-horsepower motors, generally, 
have only one type of performance— 
NEMA Design B. Polyphase performance 
can be altered by a change in rotor de- 
sign, but this is not a common practice. 
Because of the drooping characteristics of 
NEMA Design B, a polyphase motor 
which produces the same breakdown 
torque as a single-phase motor cannot 
attain the same speed-torque point. for 
full-load speed as a single-phase motor. 
Therefore, breakdown torque must be 
higher—a minimum of 140 per cent of 
the breakdown torque of a single-phase 
general-purpose motor—so that full-load 
speeds are comparable. Starting torques 
of polyphase motors may vary between 
200 and 350 per cent of full-load torque, 
Fig. 2c. 

Polyphase multiple-speed motors may 
have multiple windings, single windings 
(consequent pole), or both. Multiple- 
windings are separate windings, one for 
each speed. Three-phase multiple-speed 
motors have three leads brought out for 
each speed. Two-speed motors are com- 
mon, but three-speed motors are rare. 

Two-phase motors are seldom encoun- 
tered, and multiple-speed two-phase mo- 
tors are practically nonexistent. 

Single-winding consequent-pole designs 
use a special connection to provide two- 
speed performance. This type always 
has a 2:1 speed ratio; for example, 
1800/900, 3600/1800. Consequent-pole 
windings may be combined with multiple 
windings to provide three or more speeds. 

Because of the simpler connections, 
motors with separate windings require a 
less costly control system than conse- 
quent-pole motors. However, the motor- 
control combination may be more ex- 
pensive than the consequent-pole design. 

Polyphase-fractional horsepower multi- 
speed motors are usually variable-torque 
designs, but constant-torque and constant- 
horsepower motors are available as special- 
ty items. 


Single-Phase Motors: The types most 
common are split phase, multiple speed, 
capacitor start, permanent-split capacitor, 





able but their uses are more specific, 
Each type of motor has characteristics 
which are best suited to certain jobs. 

Split Phase: A split-phase motor has 
two windings—a main winding and an 
auxiliary or start winding. Because volt- 
age change has little effect on speed, 
these motors have essentially constant 
speed. 

The auxiliary winding induces a torque 
that causes initial rotation and accelera- 
tion. When a predetermined speed (the 
cutout point) is attained, a centrifugal 
mechanism opens a set of switch contacts 
in the start-winding circuit. Then, the 
motor accelerates with only the main 
winding energized. The centrifugal 
mechanism is usually a spring-loaded de- 
vice located on the rotor shaft. The 
contacts, depending on rotor speed, either 
energize or prevent energizing of the 
auxiliary winding. 

Starting torque of split-phase motors 
depends upon the power specified. Start- 
ing torques are generally in the range 
of 125 to 200 per cent of full load, Fig. 
2a except for shaft-mounted fan designs 
where the values may be lower. As a 
result, split-phase motors are considered 
as low, or moderate, starting-torque mo- 
tors. 

Multiple Speed: While not necessarily 
a distinct motor type, single-phase two- 
speed motors (pole-changing motors) are 
frequently included in motor manu- 
facturers’ handbooks. Most common are 
the variable-torque designs which are 
used primarily in the fan and blower 
industry. 

These motors are single-voltage types 
only because dual-voltage, dual-speed 
motors require a cumbersome number of 
leads. The speed control is usually a 
single-pole double-throw switch, or if 
both sides of the line must be opened, a 
double-pole double-throw switch. Most 
of these controls have three positions: 
“Hi—Off—Lo.” 

The most common speeds are 1725/1140 
rpm (4/6 pole) and 1140/850 rpm 
(6/8 pole). Other speed combinations, 
as well as constant-torque and constant- 
horsepower motor designs, are seldom if 
ever used. 


For split-phase and capacitor-start mo-— 


tors, each speed requires a separate wind- 
ing. Running performance is similar to 
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Fig. 4—Typical performance curves for permanent-split capaci- 
tor, fractional-horsepower motors. Data for a: 6 poles, 1/12 
hp, 115 v, 60 cps, 5 mfd/236 v capacitor. 
Y, hp, 115 v, 60 cps, 4 mfd/370 v capacitor. 
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Data for 6: 4 poles, 
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the single-speed counterparts. Power on 
the lower speed is approximately 33 per 
cent of the high-speed value on 4/6 
pole variable-torque motors and 40 per 
cent on 6/8 pole variable-torque designs. 
(Because different techniques for obtain- 
ing multiple speeds are used with per- 
manent-split capacitor and shaded-pole 
motors, the methods are discussed in fol- 
lowing sections.) 

Capacitor Start: In many respects, the 
capacitor-start, induction-run motor is 
similar to the split-phase motor. The 
main difference is the use of a capactor 
in series with the auxiliary winding. The 
capacitor-start motor produces appreciably 
more locked-rotor and accelerating torque 
per ampere than does a split-phase motor. 

After the start winding is removed 


from the circuit, Fig. 2b, performance of 
a capacitor-start motor is nearly identical 
to that of a split-phase motor. Gon- 
sequently, capacitor-start motors should 
be used where the load-acceleration and 
locked-rotor torques exceed the capacity 
of a split-phase motor. The locked-rotor 
torque of a general-purpose capacitor- 
start motor is approximately 400 per cent 
of its full-load torque. 

Permanent-Split Capacitor: Like the 
capacitor-start motor, the permanent-split 
capacitor motor has an auxiliary wind- 
ing with a capacitor. However, the ca- 
pacitor and auxiliary windings in a per- 
manent-split design are continuously en- 
ergized and aid in producing a higher 
power factor than do other designs. Ef- 
ficiency is comparable to, and sometimes 


better than, the efficiency of other single- 
phase motor designs. 

Locked-rotor torque is low compared 
to that of either split-phase or capacitor- 
start motors. Therefore, permanent-split 
capacitor motors are generally applicable 
only to direct-drive fan and blower ap- 
plications—they are not recommended for 
belt-driven loads. In special cases, perma- 
nent-split designs with higher locked-rotor 
torque are designed for intermittent rat- 
ings, but this is rare. 

Because the auxiliary winding is de- 
signed for continuous service, this type 
of motor does not have a centrifugal 
switching mechanism. | Usually, this ar- 
rangement permits a shorter motor than 
other single-phase motozs. 

Since the auxiliary winding is never 
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fe) 


Fig. 5—Speed vs torque curves 
for a two-speed, six-pole, perma- 
nent-split capacitor motor. 


Fig. 6—Po:-ible winding con- 
nections for obtaining two 
speeds from a permanent-split 
capacitor motor. Reactor is in 
series with, a, main windin 
only, and 6, both main 
start windings. 
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Fig. 7—Typical performance curves for shaded-pole, fractional- 
horsepower motors. Data for a: 4 poles, ¥g hp, 115 v, 60 cps, 
Data for 6: 6 poles, 1/12 hp, 115 v, 60 cps. 
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removed from the circuit, this design con- 
veniently lends itself to speed control. 
Speed is adjusted by changing either motor 
voltage or main-winding voltage, usually 
by introducing a series reactance. A re- 
active device for obtaining specific or 
continuously variable speeds is simply 
an iron-core coil with a number of taps. 
In effect, it supplies reduced voltages to 
the motor. 

Performance curves of typical perma- 
nent-split capacitor motors are shown in 
Fig. 4. The performance curve of a 
two-speed motor is shown in Fig. 5. This 
type of operation can be obtained either 
with auxiliary main windings or by con- 
necting resistors or reactors in series with 
the main winding, Fig. 6. Best speed sta- 
bility is produced by connecting the re- 
sistor or reactor in series with the main 
winding only, Fig. 64. This connection 
also maintains adequate voltage across the 
start winding to assure sufficient starting 
torque when running at low speed. An 
autotransformer can be used in place of 
resistors or reactors for adjustable speed 
control. 

Power ratings for permanent-split ca- 
pacitor motors in Table 4 are different 
from those in Table 3 for general-pur- 
pose motors. Also, normal operating, as 
well as nameplate, speeds are different. 

Generally, a permanent-split capacitor 
motor is customer designed for a specific 
application. Open-construction motors are 
usually rated for a SOC rise. Where 
the motors are used as fan drives, air 
passing over the motor is used as a cool- 
ing medium. In these cases the motors 
are rated “continuous, air-over.” Tests 
are recommended in all proposed applica- 
tions of these motors. 

Where space is a premium, the ca- 
pacitor may be mounted in a remote 
location. When capacitors are located on 
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the motor, they are either strap mounted 
or mounted within a complete cover. A 
mounting strap is a simple metal band 
which is usually secured to the motor 
shell. In addition, an insulator or boot 
protects and conceals the live conductors 
where they are joined to the capacitor 
terminals. This method is less costly 
than mounting within a cover and is 
often used where appearance is not im- 
portant. While many capacitors are so 
large they cannot be conveniently covered, 
some capacitor designs are now so small 
they can be located inside the motor. 

Shaded Pole: In general, both torque 
characteristics and uses of shaded-pole 
motors are similar to those of permanent- 
split capacitor motors. The main dif- 
ferences are lower efficiency and power 
factor, which cannot equal the values 
produced by a distributed-winding design. 

In place of an auxiliary winding, 
shaded-pole motors have a solid, con- 
tinuous copper loop around a small por- 
tion of each salient pole. This shorted 
loop, or shading coil, causes the re- 
action necessary to give the motor its 
starting torque. The coil produces mod- 
erate torque during acceleration and run- 
ning. 

Because of its simple mechanical con- 
struction, the shaded-pole motor is usually 
the lowest priced induction motor. How- 
ever, its low efficiency, power factor, and 
starting torque make it suitable in most 
cases only for direct-drive fan and blower 
applications. The motor must nearly al- 
ways be located in an air stream. En- 
closed versions are possible only in the 
smaller ratings (4 hp and lower), or 
where the cooling effect of the air stream 
is exceptionally good. 

Shaded-pole motors with four and six 
poles (1550 and 1050 rpm) are most 
common. Power ratings, Table 4, as 


with permanent-split capacitor motors, are 
different from those of general-purpose 
motors. Performance curves, Fig. 7, show 
that watts loss (watts input minus watts 
output) is nearly constant between no 
load (zero torque) and full load (rated 
torque). Therefore, light loading does 
not reduce losses appreciably. 
Multiple-spee techniques for perma- 
nent-split capacitor motors also apply to 
shaded-pole motors, Fig. 8. A typical per- 
formance curve for a _ multiple-speed 
shaded-pole motor is shown in Fig. 9. 


Mechanical Considerations 


Complete specifications for fractional- 
horsepower electric motors cover me- 
chanical as well as electrical features. 
Certain physical characteristics, such as 
mounting provisions, enclosures, and 
shaft dimensions, are outlined in NEMA 
standards.* However, other features not 
yet included in industry standards are 
equally important in guiding the selec- 
tion of an electric motor. 


Mounting Methods 


One of the first decisions to be made 
is the method for attaching the motor 
to a component. Several popular and 
versatile mountings, both integral with 
and separate from the motor, are dis- 
cussed here. 

Solid Base: Two types of solid bases 
are used for clamping a motor rigidly 
to a flat surface which is parallel to the 
shaft. One type is a rigid base. welded 
to the motor housing. If the application 
requires a special location for the welded 

Standards Publication MG_1-1958, 


*NEMA 
Motors and Generators. Paragraphs from this 
standard are referenced where pertinent. 
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operation from shad 








ied-pole motors: 4, additional stator turns 


in series with high-speed winding; 6, tapped reactor in series with 


moter winding; 


¢, tapped resistor in series with motor winding; 


d, tapped autotransformer across supply voltage. 


base for such reasons as access to electric 
terminals or to lubrication points, the 
position on the housing should be clearly 
defined. 

The second type is a formed, cradle 
base. It is held on the motor by clamps 
which fit over the hubs on the motor 
endshields. An advantage is the adapt- 
ability of the base to all-angle mount- 
ing, such as side walls and ceilings, by 
merely loosening the straps and rotating 
the base into position, Also, only one 
type of motor need be stocked even 
though the possible applications require 
motors both with and without bases. 


Resilient Base: -Most resilient bases 
closely resemble solid-cradle bases. How- 
ever, tne resilient base is clamped to the 
periphery of rubber rings which are se- 
cured to the hub on the motor end- 
Shields. Motors equipped with the rub- 
ber rings usually cost more than motors 
designed for solid bases. In addition to 
providing quieter operation, the resilient 
rings also absorb the torsional vibrations 
of single-phase motors. 

Mounting dimensions for both the solid 
and resilient bases are standardized by 
NEMA. Two critical dimensions are shaft 
height and locations of base mounting 
holes relative to the usable shaft, or di- 
mensions D and BA in Fig. la. For NEMA 
frame size 48, D = 3 in, BA = 2) in; 
for size 56, D = 3, in. BA = 2% in. 
Also see MG 1-3.02. 


End Mounting: Often, for such appli- 
cations as fans and blowers, a motor may 
be conveniently mounted on the through- 
bolts which clamp the endshields to the 
housing. The bolts are usually extended 
% to % in. beyond the nut on the pul- 
ley end. For these applications the mo- 
tors can be purchased less base. 
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Face Mounting: A NEMA Type C 
mounting is a flat-faced mounting on 
the pulley end of the motor. For ex- 
ample, NEMA defines a size 56C motor 
as having a mounting hole bolt-circle 
diameter of 5% in. and a rabbet diame- 
ter of 414 in. The four holes, located 
90 deg apart, have a tapped dimension 
of %-16 UNC-2B. 


Band Mounting: Where standard mo- 
tors are used without bases, straps or 
“beily bands” around the housing clamp 
the motor against a component. Usually, 
for this method of mounting, the motor 
shell can have no protrusions. 


Enclosures 


Many types of enclosures are listed by 
NEMA, but only a few are common to 
fractional-horsepower motors. The two 
main categories are the open and the 
totally enclosed motors. 


Open: Motors with open construction 
are unprotected from entrance of foreign 
particles. Openings in the motor shell 
as well as the endshields permit external 
air to pass over and around the wind- 
ings for cooling purposes. Also see MG 
1-1.20. 

Open dripproof motors are a variation 
of the open construction. Openings for 
ventilation are so arranged that solids 
or liquids falling from any angle of 15 
deg or less from the vertical cannot enter 
the motor. 


Totally Enclosed: Motors which are 
designed for continuous operation at rated 
conditions but are totally enclosed may 
or may not have a ventilation system 
for cooling. ‘The enclosure prevents free 
exchange of inside and outside air but 
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Fig. 9—Performance curves for a two-speed, six- 
pole, shaded-pole motor rated at ¥g hp, 230 v, 
60 . . 


is not water or airtight. Windings are 
cooled by heat exchange rather than by 
direct entry of cool outside air. Because 
their ability to dissipate heat is less, 
frame sizes are usually larger—and prices 
higher—than for open motors of equal 
rating. Also see MG 1-1.20. 

Air Over: When an air stream must 
be directed over a motor to meet tem- 
perature specifications, this requirement 
must be indicated on the nameplate. Also 
see MG 1-7.105. Totally enclosed air-over 
motors find wide application in air-mov- 
ing equipment. The additional cooling 
medium permits use of minimum-size 
motors at correspondingly lower cost. 

Fan Cooled: An integral fan system 
cools this type of motor. Performance is 
often identical with general-purpose mo- 
tors of open construction. However, en- 
closed motors have a service factor of 1. 

Explosionproof, and Dust-Ignitionproof: 
Totally enclosed motors with these types 
of enclosures can withstand an internal 
explosion of gases or vapors. The con- 
struction also prevents internal sparks 
from igniting gases or dust atmospheres 
surrounding the motor. Because of their 
rugged construction, these motors cost 
more than motors with other enclosure 
designs. 


Shafts 


Standard shaft dimensions for NEMA 
frame sizes 48 and 56 are given in Ta- 
ble 5. When dimensional variations are 
required, they should be completely speci- 
fied. The letter suffix “Z” is added to 
the frame .number to indicate nonstand- 
ard shafts; for example, 48Z, 56CZ. 

Tolerance on shaft length requires care- 
ful consideration. Because of assembly 
tolerances and desired end-play, an ab- 
solute length is difficult to establish. For 
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Fig. 10—Convenient and permanent meth- 
od for providing lubrication instructions. 


this reason most motor outlines provide 
an allowance for this variation. Specify- 
ing tolerances closer than normal may 
require that special bearings be supplied 
and locked in place. Special machining 
and assembly may also be necessary. 
These extra precautions, when close tol- 
erances are specified, result in additional 
cost. 

For corrosive conditions, stainless-steel 
shafts can be supplied. In some cases, 
rust-resistant finishes on shafts are ap- 
plied as standard procedure. 

Definite mechanical limits determine 
the maximum shaft size that can be 
brought out through the bearing hub 
of a motor. Oversize shaft diameters may 
require use of lighter-series bearings with 
correspondingly lower thrust limits. 

Extra-long shafts can be supplied, but 
not with equal ease by all sources, Close 
runout limits on long shafts is another 
factor that increases the final cost of a 
motor. 


Lubrication and Bearings 


Standards for lubrication are not de- 
fined. However, both lubricant and bear- 
ing are normally designed for ambients 
not exceeding 40 C. If an application 
exposes a motor to extreme conditions 
of temperature, moisture, or solvents, then 
special lubricants or lubricating systems 
must be considered. 

In most cases the motor manufacturer 
indicates on the motor, Fig. 10, or in 
literature the recommended lubrication 
service. Specific applications may require 
different lubrication instructions than 


would be given for the same motor in 
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Fig. 11—Terminal board with sliding 
plates for fast voltage change. Quick- 
connect terminals on power leads mini- 
mize hook-up time. 


a standard application. For example, a 
sleeve bearing for a light-duty fan mo- 
tor which operates only a few months 
during the summer may require no re- 
lubrication. However, the same bearing, 
operating continuously or in contami- 
nated areas, may require lubrication an- 
nually or semiannually. 

Bearings are normally charged with 
good-quality general-purpose greases suit- 
able for standard ambients. When special 
greases are used, more frequent lubrica- 
tion is usually necessary because such 
greases are designed for a specific set of 
conditions and may not have the sta- 
bility, or life, of standard greases. 

The two most common methods of 
shaft support are sleeve and ball bear- 
ings. Both types have benefits and have 
found wide use in fractional-horsepower 
motors, 

Sleeve bearings operate more quietly 
than ball bearings, and their unattended 
service life is continually being extended. 
However, for continuous operation or in 
severe applications, sleeve bearings do 
require more frequent servicing than ball 
bearings. 

Ball bearings are a must where either 
axial or radial loads exceed the capacity 
of sleeve bearings. While different types 
of bail bearings are used in motors, the 
most typical are single-shielded bearings 
and double-sealed bearings. In a shielded 
bearing, a metal shield is usually fas- 
tened to the outer race. The bearing is 
installed so that its shielded side faces 
the interior of the motor, and a cavity 
on the open side of the bearing is lib- 
erally charged with additional grease. 
With removal of the endshields, this 


type of bearing can easily be regreased 
and serviced. 

Metal shields and synthetic or felt seals 
protect both sides of double-sealed bear. 
ings. Lubrication is generally limited to 
the initial grease charge, although some 
sealed bearings can be relubricated with 
a hypodermic-type syringe. Double-sealed 
bearings are better protected from en- 
trance of contaminants, dirt, abrasives, 
etc., but they generate more internal fric- 
tional heat and consequently run at 
higher temperatures than single-shielded 
bearings. 

Thrust limits (especially axial thrust 
on sleeve bearing motors) are nearly im- 
possible to establish for fractional horse- 
power motors. Bearing systems and thrust 
provisions vary so widely that if any 
question of thrust loading exists the mo- 
tor supplier should be contacted. 


Electrical Connections 


Diagrams showing how to connect a 
motor to the power supply or how to 
reconnect the windings for different 
speeds, voltages, or reverse rotation are 
supplied on or with the motor. Connec- 
tion methods generally fall into one of 
three categories. 


Terminal Boards: Split-phase, capaci- 
tor-start, and some permanent-split ca- 
pacitor open motors are usually offered 
with terminal boards which are fabri- 
cated of nonconducting compositions and 
provide either mounting studs or spade- 
type terminals for the power connec- 
tions. Location of terminals and nomen- 
clature have been standardized in Ameri- 
can Standards Association bulletin C6.1, 
Sections 6 and 7. 

Provisions are usually included on the 
terminal board for making the proper 
connection on dual-voltage motors or for 
reversing rotation. In some cases the 
leads are reconnected; in others, metal 
linkages are adjusted to give the desired 
result, Fig. 11. 


Terminal Leads: Polyphase, shaded- 
pole and, many times, permanent-split 
capacitor motors are supplied with leads. 
Polyphase fractional-horsepower motors 
do not use terminal boards. When higher 
voltages are encountered, acceptable dis- 
tances between terminals are more dif- 
ficult to maintain. Wire leads offer a 
practical solution. Leads rather than 
terminal boards are furnished with 
shaded-pole motors to save money 45 
well as motor length, NEMA has no 
standards for recommended lead lengths. 

The number of leads brought out on @ 
polyphase motor depends on whether the 
motor is designed for single or dual volt- 
age, or for single or multiple speeds. Be- 
cause shaded-pole and permanent-split 
capacitor motors usually have only one 
speed, only two leads are necessary. One 
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extra lead is required for each additional 
speed. When reactance devices are to be 
ysed with permanent-split capacitor mo- 
tors for speed control, three leads may be 
brought out so the device can be con- 
nected in series with the main winding 


only. 


Terminal Blocks: High-volume, auto- 
mated production of fan motors has in- 
troduced a new type of motor connection 
consisting of male quick-connect tabs set 
in molded-plastic blocks. These terminal 
blocks, which are held in the motor shell, 
simplify handling and eliminate the vari- 
ety of lead materials and lengths previous- 
ly required on this particular type of 
definite-purpose motor. This arrange- 
ment has resulted in standardization and 
cost saving. Also see MG 1-7.113, MG 
1-7.136, and MG 1-7.137. Sufficient cur- 
rent-carrying capacity is obtained with 
$/16-in. quick-connects, and this size is 
compatible with a minimum size of ter- 
minal block. 


Operating Limitations 


Temperature and abnormal environ- 
mental atmospheres are the two primary 
conditions which affect the selection of 
insulating materials for motor windings. 
The operating environment may also de- 
termine whether special treatments or 
finishes are required for protection of 
other motor components. 


Thermal: Motor windings are usually 
the limiting factor with respect to tem- 
perature. Where ambients up to 40C are 
expected, motors are supplied with Class 
A insulation, which is satisfactory for a 
total “hot-spot” temperature of 105C. 

When temperature rise of an open mo- 
tor is checked, an allowance for possible 
“hot-spots” must be included. For the 
tesistance method of measuring tempera- 
ture rise of open motors with Class A 
windings, the hot-spot allowance is 5C. 
Thus, for open motors a total tempera- 
ture of 100C should not be exceeded; for 
tclosed motors, 105C should not be 
eweeded. 

Total temperature limits for motors 
With Class B insulation are extended 20 C 
above Class A limits. Fractional-horse- 
power open motors for operation at total 
fémperatures above 120 C, or above 125C 
for totally enclosed motors, may be diffi- 
tult to procure. 

Temperature rise, which is combined 
with ambient temperature to obtain total 
temperature, results from dissipation of 
Gectrical energy in the windings. Thus, 
Winding rise for a Class A open motor 
erating in a 40C ambient is limited 
% 60C by the resistance method. 

Because: insulation varnish and mate- 
fials deteriorate when exposed to excessive 
temperatures, motor life suffers. Failures 
®eur because insulation breakdown causes 
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Table 7—Effect of Motor Temperature 











on Speed 
Temperature Cold (Room Hot Hot 
ambient) 
Insulation Class A Class B 
Load Speed* (rpm) 
Full Rated 1750 1725 1705 
At Service Factor 1740 


*Values obtained at rated voltage. 








short circuits in the winding. A common 
estimate is that for every 10C increase 
in operating temperature in excess of rec- 
ommended limits, winding life is cut in 
half. Thus, if insulation life is assumed to 
be 10 yr—a reasonable figure for normal 
operating temperatures—a motor operat- 
ing 10C above its rated limit would have 
an insulation life of approximately 5 yr. 
Of course, this rule precludes any failure 
for other reasons, such as high line surges. 
Excessive stops and starts may produce 
continued high temperatures or thermal 
shock. This type of duty, if not factored 
in, may also shorten insulation life. 

Temperature information on motor 
nameplates is often misunderstood if not 
properly related to performance and in- 
sulation type. Typically, Class A in- 
sulated open motors having allowable 
service factors are marked for 40C rise; 
open-construction motors without service 
factor, 50C rise; enclosed motors, 55 C 
rise. These temperatures are measured 
by the thermometer method and conform 
to NEMA standards. In general, winding 
rises measured by resistance or thermo- 
couple are 10-C higher than indicated on 
the nameplate. 


Effect on Speed: As motor temperature 
changes, speed also changes even though 
the load remains the same. At high 
temperatures, winding resistance increases, 
which reduces current, which reduces 
magnetic strength, which reduces torque— 
and speed drops in accordance with the 
speed-torque curve. If the total winding 
temperature does not exceed design limits 
and, of course, while the unit is deliver- 
ing rated output, a fractional-horsepower 
motor normaily operates near its rated 
speed. 

However, where high ambient tempera- 
tures require Class B insulation, lower 
speeds are the result. This condition be- 
comes a delicate one if the motor is oper- 
ating at a service-factor load, which is al- 
ready at a speed below the full-load point. 
Table 7 is a good example of a hypotheti- 
cal case. If low line voltage were also 
encountered, the speeds would be even 
lower, since speed varies as the square of 
the voltage. If the speeds in Table 7 were 
not acceptable, one solution would be 
selection of a motor with the next higher 


power rating. 


Overload Protectors: Two basic types 
of thermal overload devices are used to 
minimize motor failure. One type is sen- 
sitive to temperature only; the other is 
sensitive to current as well as temperature. 

Some protectors provide running as 
well as locked-rotor protection to meet 
the requirements of Underwriters’ Labora- 
tories Inc. Others provide only locked- 
rotor protection—for instance, in perma- 
nent-split capacitor and shaded-pole mo- 
tors, and fan applications. All provide 
some amount of protection at all times, 
but not necessarily within limits that in- 
sure long motor life—particularly if the 
motor is operated close to its limits. How- 
ever, some functional tolerance is neces- 
sary to insure that nuisance trips do not 
occur. These tolerance limits are not to 
be construed as good application limits 
and are not recommended as such. 

In many domestic (oil burner) and 
some farm applications, automatic-reset 
overloads are not satisfactory and manual 
types are required. Manual-reset overload 
protectors prevent the motor from becom- 
ing re-energized until reset by hand. 
Usually a reset button protrudes from the 
motor shell or endshields for this purpose. 
As a general rule, automatic reset over- 
loads should not be used if the unit is 
manually controlled. 

Automatic resets are designed to reset 
themselves after a cooling period. If the 
fault still exists, the motor cycles on and 
off until the fault is corrected. High am- 
bient temperatures, continuous stall, ab- 
normal voltages, restricted ventilation, or 
an overload can cause motor tripping. 


Environmental: Occasionally a motor 
must operate where abnormal conditions 
prohibit the use of a standard unit. Also, 
military specifications may require un- 
usual environmental protection. Special: 
treatments, finishes, and materials are 
usually available to meet the require- 
ments of specific atmospheres or am- 
bients. Both’ external and internal mo- 
tor protection may be necessary. 

An example of an application calling 
for special treatment is a unit that must 
be ‘prepared for operation or storage in the 
tropics. In this instance the windings aud 
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Table 8—Standard Speed Ratings for All Table 9—Standard $ 1 Ratings for 
Fractional-Horsepower Induction Motors Permanent Split rae citor Motors 
Except Shaded Pole and Permanent-Split P a8 
Capacitor A Approxi- 
60-cycle mate 50-cycle mate 
$$$ Full-load Synchronous Full-load 
- Approxi- ) (rpm) (rpm) 
60-cyele cle (rpm) (rpm rp rpm 
nehronous Full-load Synchronous Full-load 
Power Rating Speed Speed 1, 1.25, 1.5, 2, 2.5, 3600 3000 3000 2500 
(rpm) (rpm) (rpm) (rpm) 3, 4, 5, 6, 8,10, 1800 1550 1500 1300 
IS ER ES forse Eh 12.5, 16, 20,25 1200 1050 1000 875 
1, 1.5, 2, 3, 5, 7.5, 3600 3450 3000 28 n> jie eigen a 
. 1.5, 2, 3, 5, 7.5, 4 50 
1/20, 1/15, 1/12, 3600 3250 2000 2700 
a0, 35, 25, ene SS 1800 ats 1500 1426 1/10, 1/8, 1/6, 1800 1625 1500 1350 
millinp 1200 1140 1000 950 1/5, 1/4, and 3 hp 1200 1075 1000 900 
i 900 900 825 
1/20, 1/12, and 3600 3450 3000 2850 ewe — = re = 
1/2 hp 1800 1725 1500 1425 1200 1075 1000 900 
1200 1140 1000 950 3/4 hp 3600 3250 3000 2700 
900 850 1800 1625 1500 1350 
1/6, 1/4, and 3600 3450 3000 2850 1 hp 3600 3250 3000 2700 
1/3 hp 1800 1725 1500 1425 oe —_—__— - 
1200 1140 1000 950 
900 850 
1/2 hp 3600 3450 3000 2850 
1800 1725 1500 1425 
1200 1140 1000 950 
3/4 hp 3600 3450 3000 2850 Table 10—Standard Speed Ratings for 
1800 1725 1500 1425 Shaded-Pole Motors 
1 hp 3600 3450 3000 2850 <<< — 
Approxi- A 
60-cycle mate 50-cycle mate 
Full-load Synchronous Full-load 
Power Rating Speed Speed Speed Speed 
(rpm) (rpm) (rpm) (rpm) 
1, 1.25, 1.5, 2, 2.5, 1800 1550 1500 1300 
3, 4,5, 6, 8,10, 1200 1050 1000 875 
12.5, 16, 20, 25. 900 800 
i : 30, and 40 millinp 
other components are to wi 
; Se thstand high 1/20, 1/15, 1/12, 1800 1550 1500 1300 
humidity and fungus growth. Other treat- 1/10, 1/8, 1/6, 1200 1050 1000 875 
900 800 


ments can provide resistance to excessive 
humidity and water and to mild acid 
and alkaline atmospheres. 

Motor specifications should include ac- 
curate descriptions of nonstandard atmos- 
pheres and ambients. While materials 
normally used in fractional-horsepower 
motors are suitable for the widest variety 
of applications, certain conditions may re- 
quire omission of standard components or 
substitution of special materials. Vague 
terms such as “boiler-house insulation” 
may carry a penalty—a literal interpre- 
tation could require a more expensive 
motor than necessary. 

If standards referenced in motor specifi- 
cations are not common, a copy should 
be included. Variations or revisions in 
military and industry standards may also 
require a similarly positive means for 
providing identically worded descriptions. 


Application Factors 


Selection of polyphase fractional-horse- 
power motors is rarely a problem and 
depends primarily on power, voltage, and 
speed. For most applications, standard 
motors have adequate locked-rotor, pull- 
up, and running torques. 

Single-phase motors are used for over 
90 per cent of the fractional-horsepower 
applications in the U. S. The type of 
motor selected is determined by starting 
torque and, to some extent, power. All 
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1/5 and 1/4 hp 














types are not available in standard speed 
and power ratings, Tables 8, 9, and 10, 
or in any choice of enclosure. Of course, 
nearly any combination can be obtained, 
but at the price for a special. 

Probably the most common misconcep- 
tion is that the more costly capacitor- 
start motor is the right choice for every 
job. Since the basic difference between 
split-phase and capacitor motors is load- 
starting ability, applications where start- 
ing load is light, as with fans and blow- 
ers, are logically suited for the lower-cost 
split-phase motor. Another example is 
the application where load is applied after 
the motor has reached operating speed— 
for instance, saws and drills. Capacitor- 
start motors are necessary, of course, for 
such applications as conveyor and com- 
pressor drives where heavy loads must be 
started. 


Accelerating Time: Because auxiliary 
windings in capacitor-start and split- 
phase motors are designed to be ener- 
gized only a fraction of the motor life, 
prolonged acceleration should be avoided. 
If a motor requires more than 5 to 7 sec 
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to accelerate a load before the start wind- 
ing is de-energized, excess heating will 
usually result and cause early failure of 
the insulation. Substitution of a motor 
with the next higher power rating, or of 
a capacitor-start for a split-phase motor, 
is recommended. 


Fan and Blower Drives: Unless proved 
satisfactory by test, general-purpose ca- 
pacitor-start motors should be selected 
with care for fan and blower applications. 
The high locked-rotor torque and rapid 
acceleration may cause distorted blades, 
belt squeal, rapid belt wear, and objec- 
tionable noise. Where split-phase ratings 
usually stop (% hp, 1140 rpm) and ca- 
pacitor-start motors take over, special 
moderate-torque designs are recommended. 
These designs have sufficient locked-rotor 
torque ‘to accelerate the load whether 
belted or not. 


Regeneration: If high-starting-torque, 
capacitor-start motors are used as direct 
or belted drives for high-inertia loads, 
regeneration may occur. The symptoms 
are moderate to extreme vibration during 
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Fig. 12--Air patterns and ratings of their effectiveness for cool- 
ing the drive motor in typical fan and blower applications. 


. ¥ 
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Installations with belted drives located in the air stream are 
rated poor to moderate in cooling effectiveness. 


coastdown after the motor has been shut 
off. When the fan or blower is coupled 
to a duct system, the noise is implified 
and becomes highly objectionable. This 
problem can be solved or avoided, but the 
initial experience may discourage the use 
of this type of motor on future jobs. 


Cooling Air: Applications which can 
take advantage of motors with air-over 
ratings save in physical size and initial 
expense, especially when integral ventilat- 
ing systems for the motor can be elimi- 
nated. Of course, the fan or blower must 
deliver enough air over the motor to keep 
its temperature rise within design limits. 
Most permanent-split capacitor and 
shaded-pole motors have air-over ratings. 
However, they are used only for direct 
drive and for smaller fans and blowers 
where the air does a good job of “scrub- 
bing” the motor. 

Some split-phase motors are now being 
offered with air-over ratings as standard. 
In low volume and uncommon ratings, 
shaded-pole and permanent-split capacitor 
motors are expensive because of special 
design costs. Therefore, split-phase mo- 
tors commonly available in every rating 
are substituted. In addition, the power 
range will be extended since split-phase 
motors are available in both NEMA 48 
and 56 frame sizes. The lower-priced 
shaded-pole and permanent-split capacitor 
motors are available only in NEMA 48 
and smaller frames. 

Specifying the volume of air to be de- 
livered or the velocity is usually not suf- 
ficient to guarantee a good motor selec- 
tion. The effectiveness of the air for 
cooling is determined by motor size, type, 
and enclosure, as well as by blade con- 
figuration and size and the type of device 
on which the blade is used. The cooling 
effectiveness of various installation ar- 
rangements is indicated in Fig. 12. 


Operating motors beyond their rated 
limits is not recommended, but can be 
done if satisfactory temperature limits are 
maintained. However, such operation un- 
der all adverse field conditions must be 
considered; for example, low or high, volt- 
age. As an added precaution, all motors 
with air-over ratings should be used only 
after complete tests prove that the appli- 
cation is acceptable. 


Duty Crcle: Application tests seem to be 
the simplest and most effective method 
for selecting a fractional-horsepower mo- 
tor for intermittent duty or fluctuating 
loads. Although standard motors are de- 
signed to deliver rated load without ther- 
mal damage, repetitive stops, starts, and 
reversals can easily produce overheating. 

In motor specifications, inertia, the 
various loads, and duty cycle must first 
be outlined, Fig. 13. Starting perform- 
ance is determined by load inertia, and 
power rating is determined by maximum 
load. If plug reversing or reversing from 
standstill is necessary, this information 
should be included. 

Polyphase motors are inherently suit- 
able for instant reversals or reversals from 
standstill. Standard single-phase capacitor- 
start and split-phase motors are usually 
suitable for reversing from standstill, but 
special designs are required for plug re- 
versing. Typical applications having vari- 
able loads are drill presses and hand-feed 
saws; for instant reversing, grinder beds; 
for reversing from standstill, garage-door 


openers. 


Heat Conduction: When a motor is 
coupled to .a compressor, heat transfer 
from. the driven unit may overheat the 
motor drive-end bearing. If the heat pro- 
duced is damaging and-cannot be: dissi- 
pated, direct or close coupling is not rec- 
ommended. However, close coupling may 






Fig. 13—Sample of duty-cycle graph for helping to describe 
motor requirements. ~ 


be used with devices that aid in carrying 
heat away from the motor. 


Braking: Two systems for braking are 
in use: 1. Mechanical, by external. means. 
2. Electrical, without external devices. . 

Mechanical braking requires no special 
motor except for a double shaft when the 
brake is mounted separately. Motors are 
available with brakes already assembled. 

Electrical braking without external de- 
vices can be accomplished in several 
ways—for example, by pole changing, 
with counter-current or plug braking, with 
capacitor shunt, and by applying direct 
current. However, these braking methods 
require special motors and engineering. 


Altitude: Standard _ fractional-horse- 
power motors can normally be applied 
at altitudes up to 3300 ft above sea level 
with little concern. However, new appli- 
cations frequently require operation up 
to 10,000 ft altitude. 

Because rarefied air at the higher alti- 
tudes has reduced cooling effect, applica- 
tions above 3300 ft must be given special 
consideration. A simple approximation 
of the reduction in cooling is that the 
temperature rise, will increase 1 per cent 
for every 330 ft in excess of 3300 ft 
altitude. ' 

ExaMPLe: A motor with Class A in- 
sulation is.to be used at 5600 ft altitude 
at standard ambient. At sea level, the 
temperature ‘rise. at maximum load is 
measured as 56C. Excess altitude over 
3300 ft is 2300 ft. Then (2300/330) = 
6.9 per cent increase in temperature rise, 
or a rise-of (56) (1.069) = 59.9C. There- 
fore, if anrbient temperature does not ex- 


’ ceed 40C, the motor can be considered 


satisfactory. : 

OF course, final determination of satis- 
factory motor operation at altitude may 
require comprehensive testing. 


65 









DESIGN DATA 


Conclusion 





Information submitted to aid in select- 
ing a motor can describe either the motor 
or the application. Motor specifications 
do not cover any application details. A 
motor is selected simply by matching its 
capabilities with the data on motor rat- 
ing and mechanical configuration. A 
brief checklist covering pertinent factors 
discussed throughout these articles usually 
provides sufficient information. 

Application requirements must furnish 
complete information for the job. From 
this data, a motor proposal is prepared 
by the manufacturer. Detailed study of 
the application is required before a mu- 
tual decision is reached on a specific mo- 


























60 cps, single-phase. 





Example la: Select a single-phase motor that will start, 
accelerate, and run its load continuously under typical load 
and voltage variations. Load is estimated at , hp. 

A sample motor is obtained: Open construction, general- 
purpose application, capacitor start, 4, hp, 1725 rpm, 115 v, 


Test readings at 115 v are: Power in, 400 w; minimum 


Moto# 
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Fig. 14—Performance characteristics for motor problems. 
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Since torque varies directly as the 


73 from Example la, V2 = 115, and Tz = 55.5, 








starting voltage, 73 v; minimum running voltage,.77 v; mini- 
mum pull-up voltage, 79 v. 

From typical performance curves for the sample motor, 
400-w input produces a 250-w output, and locked-rotor torque 
is 55.5 oz-ft. 

Since a full 4-hp load = (746) = 186.5 w, the sample 
motor has an overload of 250/186.5 = 1.34, or 34 per cent. 
However, because a '/;-hp general-purpose motor has a service 
factor of 1.35, the 250-w load is satisfactory. 

If voltages below 80 per cent of rated voltage will operate 
the motor in the test, sufficient safety margin exists. Since 
(0.80) (11S) = 92 v, which is well above the test readings 
for stalling, accelerating, and running the sample motor, the 
motor is satisfactory for this application. 


Example Ib: Will a split-phase 40-C motor, which is less 
expensive, do the jeb? 

Because the major difference between split-phase and ca- 
pacitor-start motors is the starting torque, starting perform- 





the minimum torqtie necessary for starting the motor is 
73 \? 
T= ( — ) (55.5) = 22.4 oz-ft 
115 


But a '4,-hp split-phase motor can produce only about 18 
oz-ft (from the motor performance curves) and is therefore 
unsatisfactory. 


Example Ic: The next least expensive motor is a split-phase, 
special-service, 50-C motor. Will it be suitable? 

This type of motor has no service factor but provides 
greater starting torque than a normal split-phase motor. 
Since the load is (250/746), or approximately 4 hp, and 
locked-rotor torque for a motor of this rating is 36 oz-ft, 
determine whether minimum starting voltage is less than the 
80 per cent (92 v) limit. In the voltage-squared formula, 
Ti = 224, T2 = 36, V2 = 115. Then, 


v= [ — aus): }" = 90.5 
= 6 = wo V 
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Therefore, the special-service motor is satisfactory. Minimum 
pull-up and running voltage need not be considered since 
this '4-hp motor has higher values than the 4-hp motor 
tested in Example la. However, because special-service mo- 
tors draw large starting currents, they should be considered 
only where this is not objectionable. 

Example 2: Select a motor for a belt-driven fan which 
draws some air over the motor. 

Sample motor: 14 hp, 1725 rpm, 115 v, 60 cps, split-phase, 
special-service, 50-C winding rise at rated load. 

Test readings for the installation are: Power in, 490 w; 
starting voltage, 60 v min; running voltage, 75 v min; pull- 
up voltage, 78 v min. 

From the motor performance curves, 490-w input corre- 
sponds to 305-w output. 

Motor load exceeds the full-load rating of 186.5 w. How- 
ever, since minimum-voltage readings indicate satisfactory 
protection and the air-over operation will increase the thermal 
capacity of the motor, the application should be checked by 
a heat run under maximum load (most severe operating 
conditions). 

Results of a heat run indicate a winding rise, by the re- 
sistance method, of 53 C. Since this rise is less than the 
60 C allowed, the motor can be used to drive the fan. 


Example 3: Select an open and a totally enclosed motor 
for direct coupling to a centrifugal fan. The motor must 
operate at 1725 rpm with no cooling provided by the fan. 

Sample motor: Capacitor start, 14 hp, 1725 rpm, 115 v, 
60 cps, single-phase. 

Test readings: Power in, 615 w; starting voltage, 40 v min; 
running voltage, 85 v min; pull-up voltage, 85 v min; op- 
erated speed, 1640 rpm. 

From the motor performance curves, 615-w input indicates 
370-w output. 

Motor load is nearly equivalent to /% hp (373 w) and is 
too much for a '4-hp motor. In other words, 615 — 370 = 
245 w loss to cool or dissipate in some manner. In addi- 
tion to an excessive temperature rise, the 1640 rpm speed 
would probably be unsatisfactory for the blower. Also note 
that the 370 w represents nearly a 200 per cent overload 
and is well beyond the allowable 1.35 service factor. 

To bring the motor speed up to 1725 rpm would increase 
the blower load. Since power P varies directly as the cube 
of the speed, S, or 


P,; C 8,3 
P, 833 
the required power output would become 
1725 a 
P= ( a ) (370) = 429w 
1640 


For the totally enclosed design, a %4-hp motor would have 
to be considered since the load is in excess of a Y-hp rating 
but within a 34-hp rating and enclosed motors have a service 
factor of only 1. 

For the open motor, determine if the load at 1725 rpm 
is within the service factor of a %-hp 40-C motor. Since 
(429/373) is 1.15, this motor can be applied. 

Because minimum running and pull-up voltages were sat- 
isfactory even for a '/4-hp motor, they need not be checked 
for the -hp motor. 


Example 4a: Select a 40-C motor (open type with service 
factor) with starting current within NEMA limits for a con- 
stant-torque load. 

Sample motor: Capacitor-start, % hp, 1725 rpm, 115 v, 
60 cps. 

Test readings: Power in, 265 w; starting voltage, 58 v min; 
running voltage, 60 v min; pull-up voltage, 60 v min. 

From motor performance curves; Power out = 150 w; 
locked-rotor torque = 55.5 oz-ft. 

First, see if the load is within the service factor rating 
(1.35) of a 1/6-hp motor (125 w). Since (150/125) = 1.2, 
a 1/6-hp, 40-C, split-phase motor is suitable at least for the 
load. ‘ 

Next, check minimum starting voltage by finding the torque 
required to start the load at 58 v. Using the formula in 
Example 1b, 


58 2 
T= ( —_—— ) (55.5) = 14.1 oz-ft 
115 


Then, since the 1/6-hp split-phase motor produces 16.5 
oz-ft of starting torque at 115 v, the minimum voltage 
at which the motor can produce the torque of 14.1 oz-ft is 


14.1 % 
= { (115)? | = 106 v 
16.5 


This same result can be obtained by direct comparison 
of the 4, and 1/6-hp motors rather than by computing the 
torque required of the 14,-hp motor and then using the ratio 
to find available torque for the 1/6-hp motor. Since the 
higher-torque motor requires a lower starting voltage, the 
torque-voltage relationship is an inverse ratio. Let T: = 
55.5 and V2 = 58 for the '4,-hp motor, and T2 = 16.5 and 
Vi = minimum starting voltage for the 1/6-hp motor. Then, 


55.5 % 
[ - (58)? ] = 106 v 
16.5 


But the recommended minimum, 80 per cent of 115 v, is 
92 vy. Therefore, this motor should not be used. (However, 
since the assumption that starting torque varies exactly as 
the square of the voltage may introduce some error, a test 
with a 1/6-hp split-phase motor may be justified.) 


Example 4b: Will a 1/6-hp, capacitor-start motor fit the 
application? 

Instead of 16.5 oz-ft starting torque for the 1/6-hp split- 
phase motor, the 1/6-hp capacitor-start motor produces 39 
oz-ft of starting torque. Then, using the inverse ratio with 
the values for the '/;-hp motor, minimum starting voltage is 


55.5 % 
v=[—— Gi: | = 69 Vv 
39 
which is well under the recommended minimum. 
Minimum running voltage should also be checked. From 
performance curves of both motors, maximum breakdown 


torque for the 4-hp motor is 355 oz-ft; for the 1/6-hp, 
capacitor-start motor, 23.5 oz-ft. Then, by the inverse ratio 


35.5 % 
v= [ = oo): | =T4v 
23.5 


Since this is also below the 92-v minimum, the 1/6-hp, 
capacitor-start motor is satisfactory. 
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CHAPTER 


Selection and application 


Universal Motors and Motor Parts 








HE universal motor is a special type 

of series motor. It operates with 
nearly equivalent performance on direct 
current or alternating current up to 60 
cps. It differs from a dc series motor in 
that it has different winding ratios and 
thinner iron laminations. A dc series mo- 
tor runs on ac but with poor efficiency. 
A universal motor, on the other hand, 
operates on dc with equivalent ac per- 
formance, but with poorer commutation 
and brush life than for an equivalent dc 
series motor. 


Universal Motor Features 


Since a series motor has the ability 
to operate at speeds many times that 
of any other ac motor, the universal 
motor has the highest horsepower per 
pound ratio of any 60-cps motor. The 
significance of this is clear when the 
following principles are considered: 

1. Horsepower is proportional to speed 

times torque. 

2. The amount of core iron in a mo- 
tor is nearly proportional to the mo- 
tor output torque. 

3. The size and weight of a motor is 
nearly proportional to the amount 
of core iron. 

4. A‘reduction in motor output torque 
results in a considerable reduction 
in shaft diameter and in the size, 
rating, and cost of motor bearings. 

Universal motor economies of size and 
weight are shown in Fig. 1. The '/-hp, 
17530-rpm induction motor weighs 30 lb 
and has a %-in. diam shaft, whereas the 
Y-hp, 19,000-rpm universal motor weighs 
only 24, lb and has a 5/16-in. output 
shaft. 

Higher inherent speeds of universal 
motors also bring about economies in 
size, weight, and cost of driven loads. 
For example, in the fan system on vac- 
uum-cleaner motor-fan units, as motor 
speed increases, the fan diameter can 
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be decreased for a given amount of air 
handled. Therefore, every effort is made 
to have a speed as high as possible to 
reduce fan size. The universal motor 
shown in Fig. 1 operates a single 4 15/16- 
in. diam fan at 19,000 rpm. The much 
larger 1750 rpm induction motor would 
have to be equipped with a 53'4-in. diam 
fan to provide an equivalent amount of 
suction. 

The universal motor performs nearly 
the same on ac as on dc. Actually, it is 
not possible to have the identical per- 
formance when operated on de and on 
all ac frequencies through 60 cps. For a 
given output power and speed, the uni- 
versal motor requires less voltage on 25- 
cps ac than on de or 60-cps ac. On the 
other hand, the voltage requirement for 
dc may be greater or less than for 60- 
cps ac, depending on the motor design. 
However, in most cases, universal mo- 
tors run faster at a given voltage (or 
require less voltage for a given output 
power and speed) on dc than on 60- 
cps ac. 

Two opposing factors determine whether 


a motor goes faster on de than on 60-cps 
ac: 1. On ac, the inductance of the wind- 
ings causes a drop in the voltage avail- 
able for motor action. This loss, which 
is not present on dc, causes the motor 
to operate slower as the frequency in- 
creases. 2. A given value of field cur- 
rent on ac is not as effective in produc- 
ing field flux as on de, and as a result, 
the tendency is for the ac motor to be 
faster. This effect is independent of fre- 
quency. 

Characteristics of a typical universal 
motor used in a domestic vacuum cleaner 
is shown in Fig. 2. Fig. 3 shows typical 
relationship between speed vs. torque 
curves for motor operation on dc, 25-cps 
ac and 60-cps ac. 

Motors with speed vs. torque curves 
nearly the same on ac as on de can be 
designed, but at the possible sacrifice of 
other desirable factors. Since most appli- 
cations today are for 60-cps power, most 
universal motors are designed to pro- 
duce optimum brush life and commuta- 
tion at 60 cps, and the universal char- 
acteristics are of secondary importance. 





Fig. 1—Comparison of ¥-hp, 1750-rpm induction motor with 1/-hp, 19,000- 


rpm universal motor. 
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Fig. 2—Effect of line frequency on efficiency and 
voltage of vacuum cleaner motor operated at a Fig. 3—Speed vs torque curves for various frequencies of a salient- 


rated load of 0.5 hp at 17,500 rpm. 


Motors designed for very low horse- 
power at low speed cease to be universal. 
Such motors operate on either frequency, 
but with major changes in performance. 
A common way of obtaining equivalent 
de and ac performance is to insert a re- 
sistor in the motor circuit for operation 
on de current. 

The effect of frequency characteristics 
is much better on universal motors hav- 
ing distributed field windings than on 
motors having the more commonly used 
lumped (salient pole) field windings. The 
distributed winding is occasionally used 
on longer life, higher powered, (and more 
costly) universal motors, and has in- 
herently improved commutation quali- 
ties over the salient-pole motor. With 
the distributed winding, the armature 
airgap can be small and the field wind- 
ing weak. This permits a design where 
motor inductance is reduced, and more 
ac voltage is present for motor action. 


pole 11/16-hp, 18,000-rpm universal motor. 


The speed-torque curve, Fig. 3, of a 
universal motor is very steep. In fact, 
when operated without load, this type 
of motor tends to “run away,” speed 
being limited only by windage and fric- 
tion. Therefore, large universal motors 
are nearly always connected directly to 
a load to limit speed. On portable tools, 
such as electric saws, the friction of the 
gear train is sufficient to hold the no- 
load speed down to a safe value. 

This speed characteristic can be an 
asset in many universal motor applica- 
tions. A typical example is a domestic 
vacuum cleaner motor, where operation 
occurs over a range of airflows from 
approximately 100 cfm to zero airflow. In 
everyday cleaning tasks, the predominate 
operation requires an airflow of approxi- 
mately 45 cfm. However, for sales rea- 
sons the sealed inlet vacuum (no air- 
flow) is of great interest. Because of the 
steepness of the universal motor’s speed 


vs. torque, an extra 50 per cent sealed 
vacuum is gained over that which would 
result if a constant-speed motor is used. 
This extra vacuum is obtained because 
the motor is speeded up about 23 per 
cent and because vacuum from a cen- 
trifugal fan varies as the square of the 
speed. Comparative performance under 
these two conditions is shown in Fig. 4 

With a universal motor, speed control 
is simple, since motor speed is sensitive 
to both voltage and flux changes. With 
a rheostat or variable autotransformer, 
motor speed can be readily varied from 
top speed to zero. Multispeed universal 
motors are common. Speed variation is 
accomplished by varying the field flux 
with tapped field windings. This ease of 
speed control permits a speed governor 
to be used on universal motors when re- 
quired. Such a governor consists of a 
set of speed sensitive contacts which 
insert a fixed resistor into the circuit to 
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Fig. 4—Comparison of air 
performance curves for fans 
driven by universal and con- 
stant-speed motors. 
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Fig. 5— Typical speed vs 
torque curve for governor- 
controlled universal motor. 
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limit the motor speed to a predetermined 
value. The speed vs. torque curve, Fig. 
5, reverts back to a standard universal 
motor curve when the speed is below the 


governor setting. 


Universal Motor Limitations 


Universal motors do not have a long 
operating life. Typical household appli- 
ance motors require carbon brush re- 
placement after 200 to 800 hr, depend- 
ing on the type of appliance. For inter- 
mittent home duty application this repre- 
sents 15 to 25 yr operational life. For 
continuous 24 hr operation, life is reduced 
to 8 to 32 days. However, because of 
size and weight advantages, replaceable 
universal motors are occasionally used in 
industrial applications, When required, a 
universal motor can be designed for a life 
as long as 3000 to 5000 hr, at consid- 
erable sacrifice in size and cost. 

Commutation of a series motor can 
be a problem because of radio inter- 
ference. When critical, radio interference 
can be minimized by use of radio noise 
filters in the supply line. Such filters 
range from simple dual capacitors on 
some appliance motors to elaborate ca- 
pacitor-inductance networks and ground- 
ing shields on certain military motors. 
Generally, no filter is used on appliance 
motors since radio and television inter- 
ference can be kept acceptably low by 
proper motor design. 


Universal Motor Assemblies 


Universal motors can be purchased as 
completed motors, as partial motors, or 
as motor-parts sets. The finished prod- 
uct manufacturer using a partial motor 
must furnish some essential part. Those 
who use motor-parts sets must provide 
their own bearing brackets, housings, and 
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Fig. 6—Total product cost was substantially reduced 


motors. aan conditions motors with high- 
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generally the brush mechanisms. 

The form most suitable for the manu- 
facturer of one finished product may be 
completely unsuitable for the manufac- 
turer of another finished product. The 
choice must be based on the type of 
product, and the engineering and pro- 
duction facilities available. 

Partial motors and motor-parts sets 
should be used only when considerable 
savings in cost and more efficient per- 
formance of the end product can be ob- 
tained by integral design. An example 
of a suitable application for motor parts 
is a portable electric drill. The assembly 
can be made small, lightweight, and eco- 
nomical by integral design. Except for 
those products which absolutely require 
a motor integral with the device, it is 
generally preferable to purchase complete 
motors, because complete motors are less 
expensive and easier to service. 


Partial Motors 


Partial motors come in two forms: 
Three-quarter motors (where one bear- 
ing bracket is not supplied), and motors 
where some nonfunctional part (such as 
the housing) is not supplied. 

Three-quarter motors are us2d where 
one of the bearings is to be incorporated 
in the product structure. Therefore, this 
type of motor has the same advantages 
and disadvantages as motor-parts sets. 

In the cost-conscious appliance indus- 
try, the ideal product design is one in 
which all components complement each 
other. The most suitable form of motor 
is most frequently the partial motor in 
which a nonfunctional portion (such as 
housing) is not supplied. Maximum econ- 
omy is achieved by incorporating any 
logical nonfunctional portions of the mo- 
tor in the total product. Conversely, it 
is frequently desirable for the motor to 
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incorporate functional or nonfunctional 
parts of the prodvct. 

Fig. 6 shows a partial motor and the 
complete motor it superseded. In _half- 
shell form, this motor design is used in 
small appliance applications, where the 
product enclosure covers the exposed 
windings. 


Operating Characteristics 


For any given power output, universal 
motors can be built in a range of speeds, 
Fig. 7. Minimum speed is determined by 
efficiency, and if critical, by the point 
where the motor ceases to be universal. 
Maximum speed is determined by the 
state of the art on bearings and the 
ability of components to withstand cen- 
trifugal forces. 

There are no national standards, ap- 
plicable for all users, on universal-motor 
performance. However, a U. S. Govern- 
ment specification (CC-M-636-A) states 
that horsepower and speed ratings for 
universal motors shall be 10, 15, 25, and 
35 millihp and 1/20, 1/12, 1/8, 1/6, 1/4, 
1/3, 1/2, 3/4, and 1 hp at a rated speed 
of 5000 rpm or above. 

Peak efficiency of universal motors 
ranges from about 30 per cent for small 
sizes to about 75 per cent for the larger 
sizes. For example, a vacuum cleaner 
motor rated at 9/16 hp and 17,500 rpm 
has a peak efficiency of 70 per cent. Peak 
efficiency of a typical 1/10-hp, 12,000-rpm 
universal motor is 50 per cent. 

Universal motors are not usually sup- 
plied as an “off-the-shelf” item. How- 
ever, some stock motors are available 
for specific applications. More generally, 
the universal motor is a custom made 
product, using standardized components. 
In this way, the motor can be tailored 
to fit the product and have optimum 
product characteristics. 
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Table 1—Universal-Motor Operating Characteristics 
Application Overating Characteristic 
Smaller Smaller 
Speed Increases High Driven Device Gearing 
with Torque Starting ( Multispeed ( 
Torque Driver) Control Lead) 
Vacuum cleaner x xX 
Domestic floor washer x x 
Electric food mixer x x 
Domestic floor waxer x 
Portable electric drill x 
Portable electric saws x x 
Home movie projector xX 
Electric can opener x 
Business machine x 
Hedge trimmer x 
Food blender x x x 
Hand electric grinder x x 
There are no national standards on Motor Life 


universal-motor physical dimensions. How- 
ever, NEMA MG 1-7.008 lists the criti- 
cal dimensions for 26 standard sets of 
universal parts. Complete motors, as sold 
by the motor manufacturer, do not al- 
ways use these standard parts, since some 
other configuration might produce a su- 
perior motor for a given application. 

Universal motors are available 
mounting in much the same manner as 
other types of motors. This includes the 
use of mounting feet, flanges, cradles, 
and face mounting. 

Universal motors are available with 
special speed vs. torque curves to match 
the characteristics of the driven load. 
Where smoothness of operation at very 
high torques near stall is important, the 
armature laminations are skewed. Simi- 
larly, on large universal motors, a com- 
pensated distributed field winding can be 
used to improve commutation. However, 
this construction is costly, and it is usu- 
ally possible to obtain satisfactory com- 
mutation and brush life with a less costly 
salient-pole field winding. 


for 


On applications where continuous duty 
in thousands of hours is required, the 
universal motor is unsuitable because of 
limited brush life. However, a universal 
motor can be operated for lengthy periods 
of time, as long as temperatures do not 
exceed safe limits. In establishing a rat- 
ing, a load of 15 min duration is con- 
sidered as continuous-duty service, since 
the motor-winding temperature usually 
stabilizes after 15 to 30 min operation 
at any given load. 

The universal motor is ideally suited 
for operation at some rated output, where 
an additional occasional overload or in- 
termittent heavy load occurs. Stall torque 
may be from 4 to 10 times the continu- 
ous rated torque, and for short periods 
of time, it is possible to operate up to 
a stalled condition. In addition, high 
starting torque, adjustable-speed charac- 
teristics, small size and economy give the 
universal motor a distinct advantage over 
single-phase induction motors. 

Certain environmental factors also in- 
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fluence life expectancy of a motor. Vi- 
bration may result in armature-lead 
breakage and requires special construc- 
tion considerations. Atmospheric condi- 
tioning, the presence of such acid-form- 
ing gases as the compounds of chlorine 
and sulphur, low humidity, and nuclear 
radiation all have detrimental affects on 
brush life. External thrust loads, or the 
presence of abrasive dust may also in- 
fluence bearing life and result in early 
meior failure. 

Satisfactory brush life is important to 
overall motor life and is a prime eco- 
nomic consideration. For long motor life, 
the commutator must be resurfaced and 
brought back to original condition of 
finish and concentricity when brush re- 
placements are made. Brush life require- 
ments may range from SO to 1000 hr 
depending on the application. For some 
domestic appliances and tools which re- 
quire 50 to 100 hr, a small number of 
armature slots, with an equal number 
of commutator bars are used. Where 
maximum brush life of 500 to 1000 hr 
is necessary, a larger number of arma- 
ture slots are used or two commutator 
bars are provided for each armature slot. 


Motor Size Selection 


Motor selection may differ with op- 
erational conditions, but safe winding 
temperature and brush life are primary 
factors. For continuous operation over a 
narrow range of speed and torque, mo- 
tor selection is simpler than for inter- 
mittent and/or variable loading. The 
basic principle here is that the volume 
of a motor is proportional to the ratio 
of motor output to speed. For intermit- 
tent duty, a maximum duty cycle must 
be arrived at. Initially, a tentative size 
may be selected, but temperature tests 
must be conducted under simulated con- 
ditions before finalizing the design. 

Good ventilation is an important factor 
in arriving at minimum package size. 
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This is especially important on portable 
equipment. If the product uses motor 
parts, it must be designed to permit suffici- 
ent air flow to the motor. 

Where the final product will have 
some form of gear reduction between the 
motor and the load the gear train se- 
lected will result in certain efficiencies 
of power transmission and, consequently, 
must be considered in the power re- 
quirements. 


Performance Characteristics 


The shape of the speed vs. torque 
curves for various applications may differ 
and still be ideally suited to the univer- 
sal motor. Fig. 8, curves for a vacuum 
cleaner, and Fig. 9, curves for a portable 
tool, point out this difference. The maxi- 
mum efficiency point of the vacuum- 
cleaner motor occurs in a predominate 
operating range of the motor. The speed 
vs. torque curve is deliberately steep in 
the working range to gain the maximum 
sealed-inlet performance. Starting torque 
is not a problem, since the suction fans 
impose very little load on the motor at 
low speeds. For a portable tool, such as 
a saw, operation is possible over the 
complete speed range. However, the area 
of normal load is known and every at- 
tempt is made to obtain a continuous 
rating at this point with the smallest 
size unit. Maximum efficiency is desir- 
able at this rating, but may be over- 
looked in favor of obtaining high peak 
performance with maximum efficiencies 
occurring at a horsepower slightly higher 
than rated. Overloads on a saw are com- 
mon and the ability to continue cutting 
through such peaks is desired, thus high 
stall torque is favorable. 

The slope of a universal motor speed 
vs. torque curve can be altered to a cer- 
tain degree. Motor lamination design and 
ratio of field to armature winding 
strength are the controlling factors. 


Speed Reducers 


Most universal motors drive through 
some form of speed reducer. This reduc- 
tion may be in the form of gears, or 
various types of belts, chains, etc. The 
efficiency of the system is important in 
motor selection. 

The most common method of provid- 
ing reduction is by one or more stages 
of spur gearing. When mounted in ball 
bearings, efficiency per stage is 96 to 98 
per cent. When sleeve bearings are em- 
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Fig. 10—Speed vs torque curves 
for 115-v, 60-cycle motor with 
various spur-gear reduction ra- | 
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ployed, efficiency is reduced to 90 to 95 
per cent. 

For right-angle drive or high reduction 
per stage, worm gearing is often em- 
ployed. Such gearing is fairly efficient 
(60 to 85 per cent), when made with 
minimum diameter worms using multiple 
threads and large helix angle. A single- 
thread worm reduction, which provides 
high ratio and _ self-locking properties, 
produces efficiencies of approximately 20 
to 40 per cent. 

Other types of gearing, along with belt 
and chain drives, are employed to obtain 
certain output-center to motor-center re- 
lationships. Information on efficiency can 
be obtained on most of these, to arrive 
at the proper motor rating. 

Gear noise and lubrication of the high- 
speed motor pinion usually require spe- 
cial attention in design of speed reducers. 

It is- possible to obtain the desired oper- 
ating load characteristics with different 
motor size and gear reduction combina- 
tions. In some cases a large, slow-speed 
motor, with one stage gearing would be 
economically preferred. In other cases, a 
smaller, high-speed motor with two 
stages would be more economical. There- 
fore, the knowledge of operating range 
on the speed vs. torque curve is essen- 
tial. Fig. 10 shows a series of speed vs. 
torque curves for a given motor tested 
under different spur-gear reductions. 


Standards 


NEMA has established some dimen- 
sional data relative to universal-motor 
parts. It is found in NEMA Standards 
for Fractional-Horsepower Motors. The 
dimensions standardized include field di- 
ameter, commutator diameter, location of 
the commutator with respect to the field, 
field stacking and coil extensions, maxi- 
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Fig. 11—-Connection diagrams for revers- 
ing universal electric motors with, 4, 
four-lead reversible DPDT switch and; 
6, three-lead, split-field SPDT switch. 
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mum bearing bores, brush length and 
mounting-screw location and size. For 
economy, compactness, and overall effi- 
ciency of product design, it is often nec- 
essary to depart from this data. 

Approval organizations include Under- 
writers’ Laboratories Inc., and certain 
area groups in the U. S, For exported 
products such organizations as the Cana- 
dian Standards Association and Europe’s 
Commission for Electrical Equipment 
maintain similar standards. These organi- 
zations are primarily concerned with 
safety and fire prevention. They do not 
directly state conditions of motor selec- 
tion. Such references are only made to 
spell out specific temperature rises at 
normal load. Other areas covered are 
mechanical guards, electrical clearance, 
insulation, etc., to minimize hazards, de- 
terioration and loss of dielectric strength. 


Mountings 


Appearance, compactness, simplicity of 
castings, number of parts, ease of main- 
tenance, and motor-drive alignment are 
all affected by the motor mounting. A 
standard flange, base or face mounting 
may satisfy these conditions. If not, a 
special motor may be required. 

Motors mounted in other than a hori- 
zontal position require thrust bearings for 
taking up the thrust caused by added ar- 
mature weight. Also, oil retention and 
bearing friction loss must be considered 
in the selection of bearings for such units. 

Resilient mountings, for absorbing vi- 
bration, have been developed for use in 
many applications. However, where the 
motor and associated drive frame form 
the main enclosure, this is not normally 
feasible. 


Housings and Assemblies 


Where the housing is integral with 
the finished product, attention must be 
given to bracket alignment, armature end 
play, bearing selection, ventilation, field 
seat and mounting, electrical clearance, 
etc. Successful operation is dependent 
upon these factors and only if engineer- 
ing and manufacturing facilities for this 
type of fabrication are available should 
motor parts be considered. Several of these 
items (bearings, ventilation and _toler- 
ances) are discussed later. 

In bracket design, provision must be 
made for adequate electrical clearance 
and spacing to meet Underwriters’ Lab- 
oratories Standards. 

Varnished magnet wire is treated as an 
uninsulated live part. Therefore, when 
economy and improved cooling favor un- 
taped field coils, casting clearance is re- 
quired. Completely taped coils do not 
require such clearance. 

Initially, the brushes are set at some 
location relative to the field, usually mid- 
way between the poles to conserve space 
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Fig. 13—Method of mounting motor brushes depends upon 
motor housing configuration, current, brush life, duty cycle, etc. 


in the housing. However, a different lo- 
cation is sometimes more advantageous. 
This consideration, along with desired 
rotation, must be evaluated so that the 
connections to the commutator are placed 
for optimum performance. 


Abnormal conditions, such as vibra- 
tion, may require modification of the 
brush-holder caps, field mounting and 
bracket screw arrangement so as to pre- 
vent loosening. Presence of abrasive dust 
may necessitate increased insulation, es- 
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pecially in the area of the brush holder 
to prevent early failures due to grounding. 


Armature Support Methods 


For universal motors, the armature is 
usually supported by bearings at both 
ends of the shaft; only rarely is a canti- 
levered armature used, Fig. 12c. However, 
the cantilever approach does offer certain 
advantages in casting design. It may be 
considered for low-power, intermittent-duty 
applications where large air gaps (0.020 
to 0.030 in.), low speed (5000 to 8000 rpm) 
and short stack length (1 in. or less) can 
be tolerated. In most cases, the drive ex- 
tension overhangs the supporting bear- 
ing, Fig. 12a, and may include a gear 
pinion, keyway, etc. However, when mo- 
tor parts are used, certain advantages 
may be obtained by supporting the outer 
end of the drive shaft, with the drive 
member inboard, Fig. 12b. 

Bearing selection depends on life re- 
quired, contaminants present, ambient 
temperatures, etc. Ball or sleeve bearings 
and certain types of high-speed needle 
bearings may be considered. The ball 
bearing is usually the most expensive, 
but yPquires less maintenance, and has 
a lower breakaway torque. It is also able 
to take a certain amount of thrust and 
requires no lubrication reservoir. 

Sleeve bearings are of two general 
types, plain and porous. In the plain 
type, oil must be supplied to an oil 
groove at the shaft with an adequate oil 
reservoir and wicking arrangement. The 
porous type can be applied oil impreg- 
nated and, for short life applications, no 
further oiling provision may be neces- 
sary. For added lubrication, an oil cap 
and associated wick may be used. 

Self-aligning sleeve bearings allow the 
use of pressed steel covers or other low- 
cost brackets. Added provision for thrust 
is necessary on sleeve-bearing designs. 

Abrasives entering into a ball bearing 
are very damaging, and some form of 
casting or internal bearing seal is re- 
quired. For high-speed universal motors, 
rubbing seals are not desired because 
of frictional loss and heat generation. 
The mechanical labyrinth (nonrubbing) 
seal is most- commonly used. Foreign 
matter entering into a sleeve bearing does 
not have as damaging an effect. 


Brush Mountings 


Various cartridge and box-type brush- 
holder arrangements are used to contain 
the brushes. The method of mounting 
depends upon such things as the hous- 
ing, current to be carried, brush life, 
duty cycle, etc. Fig. 13 shows several of 
the more popular designs available and 
how they are supported. Fig. 13a is the 
most conventional, a machined metallic 
insert which is pressed into a machined, 
insulated sleeve. (In another version, the 
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Fig. 14 — Motor-parts 
tolerances affect armature 
end play, alignment, bear- 
ing fit, field-armature 
line-up, and _field-bore 
clearance. 
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sleeve has the insulation molded around 
it.) The assembly is pushed into the 
hole of a supporting cast boss, with a 
close slip fit. It is secured by a cup-point 
set screw located between the ends of 
the brush-holder bore. Upon installation 
of the brush and spring assembly, an 
insulated cap is applied to hold the brush 
in place. This cap is generally screwed on 
the holder insert; Fig. 13b shows a simi- 
lar brush holder with an extruded insert. 
This insert, plus the brush spring as- 
sembly, has a square or rectangular 
molded insulating body, with an en- 
closed top pressed over it. The com- 
pleted component is secured by a clamp 
and is well adapted to skeleton-frame 
motors. Fig. 13c is a molded type, but 
without an insert. It is available in vari- 
ous forms and is for carrying small 
amounts of current. Fig. 13d and e are 
forms of the box type with stamped 
pieces mounted to an insulated backing 
plate. They provide low-cost construc- 
tion when a cover is furnished at the 
commutator end of the motor. 

In any of the brush mounting arrange- 
ments, care must be taken to provide 
adequate brush support. Also, the insu- 
lated portion must project beyond any 
bosses to give a satisfactory electrical 
leakage path between live parts of the 
holder and the casting. In addition, any 
parts exposed externally must be pro- 
tected from physical damage. The dis- 
tance between the brush holder and 
commutator should be between 1/32 and 
3/64 in. 

Various clips and springs are used for 
brush holder connections. On low-current 
carrying units, a spring loaded clip 
around the neck of the brush, serves as 
the connector and eliminates the brush 
shunt, Fig. 14. Shunts, anchored in the 
brush, provide for current flow to the 
metallic portion of the holder. Where 
current is limited to 1 to 2 amp, it may 
be possible to omit such a shunt. 

The brush spring, is generally of the 
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helical compression type and contained 
within cartridge holders. The box type 
arrangement uses either helical or spiral 
springs, Fig. 15. 


Brush Selection 


Carbon brush selection for universal 
motors is extremely critical. Of the many 
thousands of grades available, there are 
probably only a few that will give proper 
motor life in a given application. This 
is especially true on high-speed motors. 

Unfortunately, there is no easy method 
of selecting the most suitable grade. Rec- 
ommendations from the brush and motor- 
parts manufacturers will narrow the 
choice. However, these recommendations 
only serve as a guide, since the grade 
that is suitable for one motor may be 
not at all suitable on a similar design, 
because of the complexity of motor com- 
mutation. Exhaustive tests should be 
made on the motor under simulated or 
actual load conditions before final brush 
selection. 

Cross-sectional size of the carbon brush 
should be based on the brush manufac- 
turer’s recommendations. Ordinarily the 
width (in the direction of rotation) 
should be no more than the width of 
two of the commutator bars plus 0.020 
in. The remaining cross-sectional dimen- 
sion is such that the maximum current 
density (amp per sq in. of cross section) 
is not exceeded for the brush grade used. 

In many cases, brush dimensions must 
be decided before the grade of carbon 
brush is selected. It is best to allow suf- 
ficient cross section for a current. density 
of 30 to 40 amp per sq in. Higher cur- 
rent densities limit the number of brushes 
available. 

Brush spring pressure should be low 
enough to prevent rapid brush or com- 
mutator wear, and high enough to pro- 
vide good contact and prevent sparking. 
Spring length should be such that brush 
pressure with a worn out brush is not 
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less than 50 per cent of the pressure of 
anew brush. Recommended pressures for 
new brushes are 4 to 8 psi depending on 
brush grade and applications. 


Tolerances 


Tolerances which affect armature end 
play, alignment, bearing fits, field-arma- 
ture line-up, and field-bore clearance must 
be considered when motor parts are ap- 
plied. For axial end play of the armature, 
bearing shoulder-to-shoulder tolerance 
should be at least 0.005 in. For each ball 
bearing, an additional tolerance of 0.005 
in. is required plus a bracket clearance 
of another 0.005 in. This gives a total 
tolerance of 0.025 in. Therefore, toler- 
ances must be provided to position the 
brush track on the commutator. 

When a load spring is employed it 
not only preloads the bearing but elimi- 
nates end bumping. Normally with a 
load-spring arrangement which forces the 
armature to one end of the unit, it is 
possible to have a nominal brush-to-com- 
mutator edge dimension of 1/32 in. 

The tolerance from the end of the 
shaft extension to the bearing shoulder 
should be +0.010 in. This tolerance 
must be considered in determining the 
dearance from shaft end to casting. 

For example, in Fig. 14, the armature 
bearing shoulder-to-shoulder dimension 
is 3.718 + 0.005, — 0.000 in. Each bear- 
ing is 0.2756 + 0.000, — 0.005 in. wide. 
The commutator end bracket length 
from bearing to mating end is 3.836 + 
0.005, — 0,001 in. The bracket which 
Supports the drive end of the armature 
is 0.438 + 0.005, — 0.000 in. and the 
armature bearing shoulder-to-shaft end 
dimension is 0.688 +0.010 in. 

The field is mounted on machined ribs, 
by a slip fit or very light press fit. The 
field and bore can both be held to a 
0.002 in. tolerance. In general, a 0.001 
to 0.005 in. loose fit is tolerable, but 
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Fig. 15—Wiring methods for obtaining two-speed operation in 
a universal motor by, a, tapped field windings; 6, series-paral- 
lel field and; ¢, voltage drop resistor. 























Table 2—Component Dimensions for Air Cooling System 
Frame Diam Fan Diam Air Iniet Air Exhaust 
(in.) din.) (sq in.) (sq in.) 
2ye 2 to 2% 17 1.0 
2% 2% to 2% 1.0 1.75 
3% 2% to 3% 1.2 2.0 
3h 3% to 3% 1.5 2.0 
4% 3% to 4% 1.75 3.0 
where vibration exists, this fit should Ventilation on a universal moter is 
be tight. provided by centrifugal or axial (pro- 


The size of casting bearing bores and 
sleeve bearing running clearance are 
readily found in manufacturers hand- 
books. Such fits have an affect on com- 
mutation and brush life. 

For proper motor operation, axial align- 
ment of the field and armature cores 
should be within 1/16 in. 


Ventilation 


To take advantage of the high power- 
to-weight ratio which is provided by the 
universal motor, ventilation is vital. 
Therefore, to obtain a sufficient volume 
of air, considerable attention must be 
given to the fan, associated inlet and 
exhaust parts, etc. Motors are available 
with either radial or axial air exhaust, 
with one possibly offering an advantage 
over the other for certain applications. 
For example, in adapting a motor directly 
to a gear drive, it may be impossible to 
exhaust axially, while for a woodwork- 
ing router motor mounted on a vertical 
stand, it may be desirable to exhaust 
radially to blow sawdust off the work 
area. 

Other considerations in adapting mo- 
tors to specific applications are those of 
ventilating air recirculation and elimina- 
tion of obstructions to the air flow. 


peller) fans normally located at the drive 
end. Such fans draw air from casting 
inlet slots at the commutator end. Air 
flows around the motor parts and out 
through exhaust slots in the drive end 
bracket. The air may be exhausted ra- 
dially or axially depending on fan struc- 
ture. For motor-parts assemblies, it is 
the product designer’s responsibility to 
finalize the ventilating system. 

For fans without a shroud ring, a sta- 
tionary baffle plate is necessary to direct 
air and prevent recirculation. This baf- 
fle is located between the fan and the 
field. It should completely close the frame, 
except for a central air inlet opening 
large enough to clear the armature and 
permit. unrestricted air flow. 

Table 2 gives approximate fan diame- 
ters and inlet end exhaust areas for 
various motor frame sizes. These figures 
are only a guide, and it may be neces- 
sary to conduct air flow tests and rework 
air slots, fan, baffling, etc. to obtain satis- 
factory operating temperatures. 


Electrical Connections 


Either a cord, cord and plug assembly, 
or leads may be brought from the mo- 
tor for convenient wiring. The type cord 
or lead wire, and wire gage size are 
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Minimum Sparking: This is important for maxi- 
mum brush and commutator life and minimum 
radio interference. Sparking may result from a 
number of causes both mechanical and electrical 
in nature. The ideal brush frequently can com- 
pensate for all but the most severe of these. 
Minimum Commutator Wear: With an ideal 
brush, commutator erosion and wear are suf- 
ficiently small so that the commutator outlasts 
two or three sets of brushes. 

Minimum Electrical and Mechanical Losses: An 
ideal brush minimizes the electrical power loss 
caused by circulating current in the armature coil 


Qualities of an Ideal Brush Grade 





being commutated. At the same time, brush 
losses caused by electrical resistance in the ma- 
terial, commutator contact, and mechanical fric- 
tion are minimized. 

Quietness of Operation: A brush grade should 
be selected which results in a minimum of brush 
chatter and brush squeal. 


Long Brush Life: If the other elements of ideal 
brush operation are attained, reasonable brush 
life may be expected. However, long brush life 
obtained at a sacrifice to one of the other ideals 
may not produce an optimum design. 




























determined by motor rating in accord- 
ance with applicable Underwriters’ Lab- 
oratories or other approval organization 
requirements. 

Terminals may be connected to pres- 
sure and screw-fastened leads. Wires may 
also be furnished with insulation strip- 
ping for pressure splices or soldering. 

A nonreversible motor requires only 
two supply leads, except in cases where 
a third grounding wire is required by 
Underwriters’ Laboratories. For revers- 
ible motors either three or four Jeads are 
supplied. The three-lead motor requires 
only a single-pole, double-throw switch. 


However, for this arrangement, a double 
field winding is required. Therefore, the 
common practice is to use the coil of 
one pole for one direction of rotation and 
the other coil for opposite rotation. A 
four-wire reversible motor requires a 
double-throw, double-pole switch. Con- 
nections for these two wiring methods 
are shown in Fig. 11. 

Parts for unidirectional motors are usu- 
ally furnished with fields having four 
leads, two of which are attached to the 
brush holders and provided with some 
type of connector. The armature is con- 
nected between the two field coils, and 


two brush leads, which are of such 
length that connection of each lead to 
the closest brush holder results in the 
proper rotation. The other two leads go 
to the power source, generally through 
a switch. They can be furnished to de- 
sired length and may be fitted with 
various terminals, or have stripped and 
tinned ends. In most cases, wire gage 
and insulation conform to Underwriters’ 
Laboratories requirements. 

For reversible motors, the field coils 
are connected together with the armature 
between one side of the line and the 
field, Fig. 11. Wiring methods for two- 
speed operation are shown in Fig. 15. 
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CHAPTER 


Selection and application 


Ac Integral-Horsspower Motors 








ELECTION of an electric motor in- 

cludes a choice of motor type and 
motor design, along with a choice of 
the proper size. The objective of in- 
formed motor selection is to arrive at 
minimum cost, horsepower and frame 
size for the specified life expectancy, load- 
torque characteristic, load inertia, and 
duty cycle. 

Each electrical design and mechanical 
feature of a motor is intended for a par- 


Stindards and Lim 


Ratings and standards which are used 
to design and build motors are keys to 
successful application. Standards for mo- 
tors fall into three general categories: 
Environmental, electrical, and mechani- 
cal. 


Environmental 


Motor manufacturers and standardiza- 
tion agencies have agreed upon a stand- 
ard, or normal, environment. Most mo- 
tor applications fall within the envelope 
defined by these standards, and all stand- 
ard off-the-shelf motors are designed to 
operate satisfactorily under these condi- 
tions. Standard environment is: 

1. An ambient temperature not over 

40 deg C nor colder than 10 deg C. 

2. An altitude not above 3300 ft (1000 
meters) nor below sea level. Also, 
operation is not to be in a pressur- 
ized space, nor in an evacuated 
space which results in a pressure 
outside these limits. 

3. A space or location which allows 
free and unrestricted circulation of 
clean, dry, cooling air for the ven- 
tilation of the motor. 

4. A space or location providing ac- 
cess tor periodic inspection, lubrica- 
tion, and maintenance. 


Electrica! Data 


Motor performance is best shown by 
the relationship of speed versus torque, 
Fig. 1. To apply a motor to a machine 
or piece of equipment it is necessary 
to know the speeds and torques required 
by that machine. When motor speed is 
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ticular type of application. Variations in 
possible combinations of enclosures, 
mountings, bearings, insulation, electrical 
characteristics, etc., often seem endless. 
Therefore, the selection of the optimum 
motor seems to be a complicated task. 
This is not necessarily so; when all fac- 
tors are considered one best motor usu- 
ally emerges. 

This chapter is organized into two 
sections: 1. The standards and practices 


plotted versus motor torque, performance 
of the drive can be visualized. It is also 
possible to predict how changes in load 
or torque will affect performance. 


Torque: Motors are rated in terms of 
horsepower and speed. From these data 
full-load torque can be determined by 


Full-load torque (Ib-ft) 
_. Power (hp) X 5252 
~ Full-load speed (rpm) 





While full-load torque is a basic in- 
dication of the size of the motor, other 
characteristics, such as ability to start a 
load from rest, ability to accelerate a 


applicable to motors, 2. Selection infor- 
mation based upon standard conditions. 
Selection information is based upon the 
horsepower-torque approach, since these 


* data are either known or readily meas- 


ured, Also, this approach is adequate for 
the majority of applications. Only severe 
duty cycles, unusual restrictions on 
weight or size, or other special considera- 
tions require the more difficult watts-loss 
approach. 


load to full running speed, maximum 
overload to result in abrupt loss of 
speed, etc., are important and have been 
carefully defined. Fig. 2 is a typical speed 
torque curve for a NEMA Design B 


motor. 


Service Factor: This is a multiplier 
shown on the nameplate of general pur- 
pose motors by the manufacturer. The 
service factor multiplied by the name- 
plate horsepower rating is an indication 
of the total load the motor can suc- 
cessfully carry when operated at stand- 
ard temperatures, with unrestricted ven- 
tilation, and with rated voltage and 
frequency. Table 1 lists service factors 
for integral-horsepower motors. When 
operating loads are above rated load and 
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below the maximum-service factor load, 
the motor will have an increased tem- 
perature rise. However, this will be with- 
in a safe value. Also, power factor, ef- 
ficiency, and motor speed will be dif- 


ferent than for rated-load operation. 

The service factor provides for those 
continuous loads which are only a few 
per cent higher than a standardized horse- 
power rating For example, a fan de- 


sign, according to original estimates, may 
require 5 hp. Suppose the final produe- 
tion fan unit actually requires 5.25 hp, 
An open general-purpose 5-hp motor can 
still be used to handle the load (5 hp 





RPM slip at full load or per cent 
rated™slip 


Dotted portion of speed vs 
torque curve applicable 











to initial acceleration 

















Motor speed inrpm or per cent synchronous speed 








. Full load operating point = 
“= 
Approximate maximum torque pa ae 
273°? —e-recommended for short time >| 
3 4 overloads \ 
$ Breakdown or moximum torque =} 
= (developed during acceleration) ry 
=] 
3 3 lA 
5 2 & be—Full load or rated torque —»} / 
=] — 
§ /) Cusp or Speed at which 
§ § 5 e Service factor load or torque / lowpoint aicthdioun tennis 
3 3 Pull up torque or minimum ome oer is developed 
= accelerating torque at, a 
e e*Locked rotor or starting torque ~ 











Output torque of motor in pound feet or per cent torque; with rated 
voltage and rated frequency applied to terminals. 


Characteristics limited or defined in NEMA standards for design 


Locked-Rotor Torque (Static Torque) of a motor is 
the minimum torque which it will develop at rest for 
all angular positions of the rotor with rated voltage ap- 
plied at rated frequency (MG1-1.43). 


Pull-up Torque of an alternating current motor is the 
minimum torque developed by the motor during the 
period of acceleration from rest to the speed at which 
breakdown occurs. For motors which do not have a 
definite breakdown torque, the pull-up torque is the 
minimum torque developed up to rated speed (MGI- 
1.44). 


Breakdown Torque of a motor is the maximum torque 
which it will develop with rated voltage applied at rated 
frequency, without an abrupt drop in speed (MGI-1.45). 


Full-Load Torque of a motor is the torque necessary 
to produce its rated horsepower at full load speed 
(MGI-1.42). 


C,Oor F motors 


Service Factor of a general purpose motor is an allow- 
able overload. The amount of allowable overload is in- 
dicated by a multiplier which, when applied to normal 
horsepower rating, indicates the permissible loading. Con- 
ditions under which service factors can be applied are 
given in MG1-1.39. 


Slip is the difference in speed of the full-load running 
condition of the motor compared to the synchronous 
speed of the motor. Per cent slip is calculated by 

Ns —N 
Ss = ————- * 100 
Ns 
where S = slip, Ns = synchronous speed, and N = 
full load speed. 


Locked-Rotor Current of a motor is the steady-state 
current taken from the line with the rotor locked and 
with rated voltage and ratec. frequency applied to the 
motor (MG1I-1.48). 

















Fig. 2—Standard nomenclature used with ac induction motors to describe or rate motor 


performance. 





Macuine Desicn—Tue Exvecrric Moror Boor 


— 


"gS" BES FE LT SERSEBERE_FEB 


ress 


2 


B2B BOAOBBRERAERS SE _ Fe+BFBFTS 

















































































12——-AC INTEGRAL HORSEPOWER MOTORS 
a Table 1—Service Factors for Teble 2 ked-Rotor KVA/He Cod 
hp. Integral-Horsepower Motors able 2—Locked-Rotor /Hp bd 
or can ee LN Bn SRST a eT Designations 
r 
(S hp (hp) Service Factor (For all motors except polyphase wound rotor) 
e-%-1 1.25 Code Locked-Rotor Code Locked-Rotor 
1%-2 1.20 Letter KVA/Hp Letter KVA/Hp 
~ii 3 and larger 1.15 iz ‘ ; > 
* tea A 0-3.14 
B 3.15-3.54 L 9.0- 9.99 
c 3.55-3.99 M 10.0-11.19 
; oie ieee 
E 4.5 -4. , A 
F 5.0 -5.59 Ee ett | 
motor with a 1.15 service factor can be 2 Hr rr T 180-10. 

i iniuri J 7.1 -7.99 J .0- 
loaded - to 5.75 hp) without injurious 4 ey ~ v 3.4 ond te 
overheating. SRS MCE eter eee Be CAH ats 

Many installations do not have rated “Data from NEMA MG 1-2.18 and NBCS30-7(D). eS 
; ote: rs w ual ratings, e owin ru 
voltage (and occasionally do not have determine the code letter to be used: r , 
rated frequency) either due to power- Motor Code Letter 
supply problems or to plant-distribution sakes Type to KVA/Hp for 
problems. In these cases the service fac- Variable torque + Highest speed 
" Constant torque Highest speed 
tor may be used to compensate for Constant horsepower Highest kva/hp 
actual installation conditions. Loading bent = starting on wye we inate 
should, of course, be nameplate rating Dual frequency, 60/50 cycle 60 cps kva/hp 
or less Part-winding start Full-winding kva/hp 
When motors are installed at altitudes 
higher than 3300 ft above sea level (but 
less than 9900 ft), the service factor may 
be used to compensate for the altitude. 
Loading should, of course, be nameplate 
rating or less. 
Motor loads often fluctuate, or follow Table 3—Temperature Limits for Integral-Horsepower Motors 
a definite pattern of load change during Pesentusitiie Chtaneentines (ase ©) 
operation. For example, when a refrig- Totally Emctesod 
eration compressor starts up, usually only Totally Enclosed Totaily Enclosed 
a nominal amount of power is required Dripproof Al Renae 
early in the cycle. During the cycle, mo- Cl A Insulati > 
tor load increases predictably until the With Service Factor 
cutoff point is reached. The margin in a ie Parner el 4 40 
the motor capacity represented by the Rise by Resistance, é 50 
service factor allows use of a motor with Shotteat Spot 5h A tga = 5 
a size smaller than the horsepower re- elena a — 
quired during the latter part of the cycle. Without Service Factor 
Ambient Temperature 40 40 40 40 40 40 
Rise by Thermometer* 50 55 e 55 
. : 5 Rise by Resistance 60 
oo Current: Ber is the Hottest Spot Allowance 15 5 10 5 10 4 
amount of current which the motor . net “a +4 oa am 308 
draws, at rated voltage and frequency, 
when the rotor is not turning. Since the Class B Insulation 
: . sted . With Service Factor 
installation wiring, fusing, controls and Ambient Temperature 0 “ 40 40 
power source are exposed to this amount oe by } + onal 60 ‘ 65 pa 
of current at the instant of starting, the Margin tor Service Factor 10 10 10 10 
locked-rotor current must be known. Hottest Spot Allowance 20 10 1S 10 
NEMA Total Temperature 130 130 130 130 
’ standards, ASA standards, and ™ - 
the National Electrical Code require mo- Ambient Temperature 40 40 40 40 4 40 

” rmomet . 
tor manufacturers to designate, on the — z ee #9 80 7 80 85 
nameplate, the required kva/hp. This Hottest Spot Allowance 20 10 15 Bitend 15 5 
fequirement applies to all ac induction Total Temperature 130 130 130 130 130 130 
motors of 1 to 200 hp regardless of de- oC r 
sign, er rte 6 or et rating, Gipes ‘ | eee Z rs an a 
except ase wound-rotor motors. Ambient Temperature 40 40 4 

= 7P . Rise by Thermometer* 90 95 95 
ratings are usually given on the Rise by Resistance 105 105 110 
Nameplate in code form, Table 2. Hottest Spot Allowance = 25 Chan Pind an = Fitts 
Locked-rotor current can be deter- . Total Temperature 155 155 155 155 155 155 
mined from the kva/hp rating. To cal- Class H Insulation 
culate locked-rotor current, in amperes, Without Service Factor 
Ambient Temperature 40 40 40 40 40 40 
use Rise by Thermometer* 110 115 115 Fe 
Rise by Resistance 125 . 125 1 
Locked-rotor current (amp) Hottest Spot Allowance 30 15 25 15 25 10 
Total Temperature 180 180 180 180 180 180 
2 _ Motor size (hp) PEN ed > = iia 5 dicta hte PEMA SE 
‘ = K x Data adapted from NEMA MG 1-4.15. 
*Temperature rise that appears on nameplate of motor. 
Code rating (kva/hp) 
OK st 1961 Edition 79 





DESIGN DATA 


where K is a constant. Values of K are: 





Power Supply 
3 Phase 208 volt ........«.. 
3 Phase 220 volt . 0.381 
3 Phase 440 volt . 0.762 
3 Phase 550 volt . et acdes Se 
3 Phase 2300 volt ........... 3.99 


0.115 Motor 
0.230 Size 
0.460 Enciosure (hp) 


ort el Table 4—Temperature-Rise Ratings for 


Intermittent-Duty Integral-Horsepower Motors 





Time 


Single Phase 115 volt ......... 
Rating 
(min) 


Single Phase 230 volt ......... 
Single Phase 460 volt ......... 





1-200 
1--200 


5, 15, 30, 60 


For example, assume a 50-hp, 3-phase, 
5, 15, 30, 60 


220-volt, 60-cycle motor is given code 
designation F. To find the locked-rotor 
current in amperes, look up the code 
values for designation F in Table 2. It 
is between 5.0 and 5.59. Locked-rotor 
current is calculated for both 5.0 and 
5.59 code kva/hp values by multiplying 
each by motor horsepower and dividing 
by 0.38 from the table. This gives values 
of 656 and 733.4. Actual motor current Rye 3 
will be between these values, and, for ——___—49 eps Fre 
most purposes, should be assumed to be Polyphase Only 
just under the higher value (733.4). Ac- 
tually, other requirements (shown later 
in this chapter) limit the motor manu- 
facturer to a maximum of 725 amp for 
this motor. Any wiring, branch-circuit 25, 30, 40, 50, 60, 
protection, controls, etc., associated with 75, 100, 125 450, 514, 600, 720 
the installation must be able to handle 300 10. Bi, 600, 720 
the higher value. 

Temperature Rise: The relationship of 


Totally enclosed* 
Dripproof 





*Includes nonventilated, fan-cooled, and air-over-motor constructions. 
Data from NEMA MG 1-2.12. 








Table 5—Standard Horsepowers and Speeds 








Speed (rpm) 





50 cps Frequency 
Single or Polyphase 





‘Single or Polyphase 





450, 514, 600, 720 900 750 
450, 514, 600, 720 900, 1 
450, 514, 600, 720 


1%, 2, 3, 5, 
7%, 10, 15, 20 450, 514, 600, 720 


750, 1000 
750, 1000, 1500 


750, 1000, 1500, 3000 
Polyphase only 


750, 1000, 1500, 3000 
750, 1000, 1500 
750, 1000, 1500 


, 1200 
900, 1200, 1800, 3600* 


900, 1200, 1800, 3600* 
Polyphase only 


900, 1200, 1800, 3600* 
900, 1200, 1800, 3600* 
900, 1200, 1800 





*Does not apply to wound-rotor (slip-ring) polyphase motors. 
Data from NEMA MG 1-2.06. 


class of insulation, use of service factor, 
temperature rise, and total temperature 
are shown in Table 3 for all integral- 
horsepower motors at standard tempera- 
tures. All temperature rises given are 
maximums (or rated), and motor manu- 
facturers often supply motors well under 
these limiting figures. The user, how- 
ever, should be prepared to cope with 
or provide for the maximum condition. 
Thermometer measurements as a stand- 
ard of rating have been recognized, ac- 
cepted, and standardized for many years. 
Thermometer measurements are made on 
the surface of the motor coils. The al- 
ternative rise-by-resistance standards are 
also shown in Table 3. 


Short-Time Rating: Many loads which 
are driven by electric motors are of short 
duration, or have a different magnitude 
in each cycle. It may not be necessary 
or economical to use continuous-duty 
motors for these loads. Typical short- 
time loads are cranes, hoists, saws, grind- 
ers, valve operators, door or window op- 
erators, etc. Standard short-time duty 
(intermittent-duty) ratings for motors for 
these applications are given in Table 4. 
For time ratings longer than 60 minutes 
continuous-duty motors should be used. 

Standard Horsepower and Speed: The 
synchronous speed of an ac motor can 
be calculated from 


120 f 
P 
where N, = synchronous speed, rpm; f 
= frequency at the motor terminals, cps; 


P = number of poles per phase. Thus, 
a 60-cycle, 4-pole motor has a synchro- 


N,= 


80 














Table 6—Motor-Drive Power Limitations 
at Various Speeds 





Fuil-Lead 
Motor Speed (rpm) 
From To 


——————Max Load (hp) 





3000 


1800 
1500 
1200 
900 
750 
720 
560 














nous speed of 1800 rpm. 

Horsepower ratings which provide prac- 
tical increments (steps) for both motor 
purchasers and users have been estab- 
lished and standardized. Table 5 shows 
these standardized horsepower assign- 
ments, and also the synchronous speeds 
of integral horsepower ac motors. 


Mechanical Data 


Enclosures: Electric motors are avail- 
able in many different enclosure types. 
The purpose of the enclosure is two- 
fold. First, to protect the vital work- 
ing parts of the motor, such as bearings 
and windings, from contaminants in the 
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ventilating air. In single-phase motors, the 
governor and switching mechanism for 
the phase circuit is also protected. The 
second major purpose is to protect the 
operator or the driven machinery from 
damage if the motor fails. Full descrip- 
tion and data on enclosures is given in 
Chapter 9. 


Dimensions: Standard motor dimen- 
sions and identifying frame numbers are 
given in Chapter 9. Many variations in 
enclosures, flange mountings, shaft con- 
figurations, etc., have been standardized 
to be consistent with the basic open- 
motor dimensions. : 

Because of variations in motor manu- 
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‘2 shaft shot 
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fe wal 2 | 
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Fig. 3—Several standard mounting and assembly symbols. Each is identified by a code. 
Relative positions of the conduit box and motor feet are shown for various positions for 
floor, ceiling, or wall mounting. 
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Table 7—Bracket and Shaft Dimensions for Close-Coupled Pump Motors 

















~—— 86 ——_e}o— 
(Frames 213CZ-445UCZ) 

<-—_— BG ——>}+—_ AH —> 
(Frames 182CZ-184CZ) 





AH—> 














Dimensions (in.) 








: 
Frame 
Number Fr BG E H 
} 192Cz 2% 5% 3% iu 
| 1840Z 2% 5% 3% i 
213CZ 2% 6% 4% a 
215CZ 3% ™ 4% F 
254UCZ 4% 8% 5 il 
256UCZ 5 9% 5 j 
} 284UCZ 4% 9% 5% i 
286UCZ 5% 10% 5% ij 
324UCZ 5% 10% 6% i) 
326UCZ 6 11% 6% a 
364UCZ 5% 11% 7 a 
365UCZ 6% 12% 7 a 
404UCZ 6% 13 8 i? 
405UCZ 6h 13% 8 a 
444UCZ ™ 15 9 rT | 
445UCZ By 16 a rT 
Tolerances: 
* +0.000, 0.032 in. to allow for shims 
» + 0.000, —0.0625 in. to allow for shims 
© +0.000, —0.003 in 
4 +0.000, —0.005 in 


Pace Runout 


i 182CZ through 286UCZ—0.004 in. indicator reading 
324UCZ through 445UCZ—40.007 in. indicator reading 


Clearance Hole BF 
read 


D AH Ad AK Size 


4% Tt 5% 4%e %-16 
4% Tt 5% 4%e %-16 
5%" Tt 7™% 8%e %-13 
54s Tie ™ 8% %-13 
6%" 8% 7% 8%e %-13 
6%" 8% 7% 8%e %-13 
7s 8% 9 10%° %-13 
7a Shy 9 10%¢e %-13 
Sa By 11 12%4 %-11 
Sa RY 11 12%4 %-11 
go BY 11 12%¢ %-11 
go 8h 11 12%4 %-11 
10 Sly 11 12%4 %-11 
10> BY 11 12%4 %-11 
11» 8% 14 164 %-11 
11» ay 14 164 %-11 





Shaft Runout 


182CZ through 286UCZ—0.002 in. indicator reading 
324UCZ through 445 UCZ—6€.003 in 


Rabbet Eccentricity 


182CZ through 286UCZ-—-0.004 in. indicator reading 
324UCZ through 445UCZ—0.007 in. indicator reading 


End Play 


182CZ through 286UCZ—0.010 measured with no thrust 
324UCZ through 445UCZ—0.030 measured with no thrust 


xU Key 


Number U 
4 ‘ 1 ve X ye X1% 
4 te 1 fe Xe X1% 
4 Wy 1 vs X fe 1% 
4 Ms 1 ve Xe X1% 
4 1% 1% 4x%x2\% 
7 1% 1% 4x%4%x2\% 
4 1% 1% 4%x\%x2\y 
4 1%" 1% 4x%\&x2\ 
4 1% Vy 4x%x2\y 
4 1% 1% 4x%x2% 
8 1% ry 4x%&x2\y 
8 1% 1% 4x%x2\% 
8 1% 1% 4x%x2X\ 
8 1% 1% Mx%%4x2y 
8 1% 1% 4x%&ex2% 
8 1% 1% 4x%x2% 


indicator reading 








facturer’s designs and requirements for 
self-cooling (such as on totally enclosed 
fan-cooled motors) there are no stand- 
ards for over-all motor length, over-all 
height, or over-all width. There are also 
no standards for exact sizing and loca- 
tion of conduit boxes (lead-terminal en- 
closures). For these dimensions and 
clearance, the dimensional prints of mo- 
tor manufacturers should be consulted. 

Flanges for direct attachment of mo- 
tors are standardized for several of the 
most common applications. The usual 
end-bracket construction supplied by mo- 
tor manufacturers does not lend itself to 
convenient modifications. Therefore, it 


is customary for the manufacturer to re- 
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place the end bracket at the shaft end 
with a standardized flange. The motor 
manufacturer rearranges any internal 
parts, such as those used for ventilation, 
so that ratings and performance are not 
affected. Flanges may be used either to 
support, or as a mount for, connected 
machinery. This is true in many designs 
of pumps, brakes, etc., where the motor 
is mounted on its own feet. Flanges may 
also be used to mount the motor on the 
driven machinery. This technique is often 
used on machine tools, and in most de- 
signs of vertical pumps. In this case the 
motor feet are not needed, and the mo- 
tor manufacturer replaces the footed 
frames with a round frame, and also 





makes any necessary modifications in the 
ventilating arrangements. Standard flange 
dimensions are: 

NEMA Type C: Detailed dimensions 
are given in Chapter 9. This flange uses 
a centering pilot, which extends beyond 
the flange, and has four or eight tapped 
holes. Attachment screws are inserted 
from the machine side of the assembly. 
This flange may be supplied for either 
horizontally or vertically mounted motors. 

NEMA Type D: Detailed dimensions 
are given in Chapter 9. This flange also 
has a centering pilot extending beyond 
the flange with four or eight drilled holes. 
Attachment screws are inserted from the 
motor side of the assembly. This can 


Macuine Desicn—Tue Execrric Motor Book — 












-. £&£& &¢ &8e ee vbrverrt sw 





ef SESE FPT SE TAF EE 








errr FRE FF FEF KF KCK K EK 





RBREGE &F 


a 
= 
=< 


BER Ree a RS 


® 





12——AC INTEGRAL HORSEPOWER MOTORS 





—— 








Table 8—Bracket and Shaft Dimensions for Pacific Coast Pump Motors 





AB 











Dimensions (in. ) 





000, —0.032 in. to allow for shims 
, —0.0625 in. to allcw for shims 
000, —0.003 in. 
000, —0.005 in. 


Face Runout 


324Y¥ through 445UCZ—0.007 in. 





Frame 

Number F BG E H 
182Y 2% 5% 3% 43 
184Y 2% 5% 3% | 
213CZ 2% 6% 4% ij 
215CZ 3% ™% 4% a 
254UCZ yh 8% 5 u 
256UCZ 5 9% 5 i 
284UCZ 4% 9% 5% ag 
286UCZ 5% 10% 5% 45 
324Y 5% 10% 6% 44 
326Y 6 11% 6% rT 
364UCZ 5% 11% 7 a4 
365UCZ 6% 12% 7 a 
404UCZ 6% 13 8 @ 
405UCZ 6% 13% 8 H# 
444UCZ ™ 15 S) iW 
445UCZ 8% 16 9 # 
Tolerances 


Thread 
D AH Ad AK Size Number U XU Key 
4% The ™% 8%e %-13 4 vs 1 fe X fe 31% 
4% The ™% 8%e %-13 4 om 1 fe X %e X1% 
5%" The ™% 8% %-13 4 % 1 aX %ex1% 
54s The 7% 8%e " %-13 4 % 1 fe ¥ He 1% 
6%" Tt. 7™% 8%e %-13 4 os 1 fe % % X1% 
6%« Tt. 7% 8%e %-13 4 wy 1 te % fe X 1% 
7" Rly 9 10% %-13 4 1% 1% Mx4&x2u% 
7a Sly 9 10%e %-13 4 1% 1% 4x%x2% 
8a 8% 9 10%4 %-13 4 1% 1% Mx%x2% 
8a Sly 9 10%4 %-13 4 1% 1% “4x%x2% 
gp Shy 11 12%4 %-11 8 1% Tay 4Mx% x 2% 
gb Sly 11 12%4 %-11 8 1% 1% 4x % x 2% 
10> 10% 11 12%¢ %~11 8 lye 1% %x%x2% 
10 10% 11 12%4 %-11 8 ly 1% %x%x2% 
11» 10% 14 164 %-11 8 lye 1% %x% X2% 
11» 10% 14 164 %-11 8 %x%x2% 





Shaft Runout 


lis 1% 


182Y through 286UCZ—-0.002 in 
324Y through 445UCZ—0.003 in 


Rabbet Eccentricity 


182Y through 286UCZ—0.004 in. 
324¥ through 445UCZ—0.007 in. 


. indicator reading 
. indicator reading 


indicator reading 
indicator reading 


182Y through 286UCZ—0.004 in. indicator reading 
indicator reading 


Bnd Play 


182Y through 286UCZ—0.010 measured with no thrust 
324Y through 445UCZ—0.030 measured with no thrust 








also be used for either horizontally or 
vertically mounted motors. 

NEMA Type P: This flange is for ver- 
tically mounted motors only. It uses a 
Tecessed centering rabbet, which has four 
holes. Usually, attachment screws are in- 
serted from the motor side of the assem- 
bly. An alternative attachment uses studs 
in the machine which protrude through 
the flange holes and receive nuts to as- 
semble the motor to the machine. Two 
styles of shaft are standardized: Solid- 
shaft, and hollow-shaft configuration. 
Both are covered in Chapter 9. 

Variations in the mechanical require- 
ments of driven equipment frequently re- 


Quire variations in the mounting and 
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relative locations of shafts, feet. and con- 
duit box. Standards have been established 
to simplify and codify these requirements, 
Fig. 3. 
Other common mounting arrangements 
for integral horsepower motors are: 
Cushion base. Cradle arrangement with 
resilient clamps around bearing hubs. 
This is a common construction in 
smaller sizes (10 hp and less). The 
frame is made without mounting 
feet. Usually no change in mount- 
ing dimensions (hold-down bolts) 
or shaft height is required. Cushion 
bases are used to minimize trans- 
mission of motor noise or vibration 
to the mounting by absorption or 


dampening of the unwanted charac- 
teristic. 

Through-bolt suspension. Suspension by 
through-bolts or end-cap screws, This 
is an arrangement whereby the man- 
ufacturer provides modified parts so 
that the purchaser can support the 
motor on struts or grills. These 
mountings are often used to provide 
minimum obstruction of air flow 
over and around the motor—as in 
an axial flow fan. 

Belly-band mounting. A round-frame 
motor is clamped within a band. 
Usually, the terminals come out of 
an opening in an end bracket rather 
than through the normal frame open- 
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Table 9—Frame Assignments for Continuous-Duty Polyphase Motors 
Frame Assi; t 
Totally 
Dripproof Squirrel Cage, 40C Enclosed Totally Enclosed 
Synchr- Low-Stip—— Nonventilated Fan-Cooled, 55C 
| Motor onous Designs High-Slip 55C, Leow-Slip ‘Low-Sli 
i Size Speed Aand B Design C Design D Designs Aand B Design A Design B Design C 
| (hp) (rpm) 5-8% 8-13% 
550 volts or less 
le 900 182 ads dee eee 182 182 182 
NM 1200 182 ° 182 182 182 
900 1S4 see 184 184 184 
1 1806 182 182 182 182 182 182 
1200 isd ose 184 184 184 184 184 
900 213 pas 213 213 213 213 213 
1% 3600 182 Soa ene eee 182 182 182 
1800 184 aie 184 184 184 184 184 
1200 184 eee 184 213 213 184 184 
900 213 eed 213 215 215 213 213 
2 3600 184 ees one ons 213 184 184 
1800 184 nm 184 213 213 Is4 184 
1200 213 ace 213 215 215 213 213 
900 215 yes 215 254U 254U 215 215 
3 3600 184 oWe ‘ ont ewe 215 184 184 
1800 213 ine 213 215 215 213 213 pee 
1200 215 215 215 254U 244U 215 215 215 
900 254U 254U 254U 256U 256U 254U 254U 24U 
5 3600 213 sae _— at see 213 213 ess 
1800 215 215 215 2544U ima 215 215 215 
1200 24U 23440 254U 256U eo 254U 254U 254U 
900 256U 256U 234U 234U end 256U 236U 256U 
M4 3600 215 ese aba eds due 215 215 see 
1800 254U 244U 244U 256U ose 254U 24U 254U 
1200 256U 256U 234U 2384U bee 256U 256U 256U 
900 24U 28U 2386U 324U eee 284U 234U 234U 
10 3600 254U ved ‘as asi ane 254U 254U ase 
1800 256U 256U 256U 234U ies 256U 256U 256U 
1200 2384U 234U 286U 3244U eee 284U 234U 234U 
900 286U 236U 324U 326U oe 286U 236U 236U 
15 3600 244U ese _ ote wei 256U 256U oon 
1800 23U 234U 234U 324U “ 234U 234U 234U 
1200 3u4U 3244U 324U 364U ome 324U 324U 324U 
900 326U 326U 364U 365U hes 326U 326U eve 
| 20 3600 239U one ase jae kas 286U 236U ‘on 
1800 236U 236U 3244U 326U see 236U 286U 286U 
1200 326U 326U 364U 365U bao 326U 326U ede 
900 364U 364U 365U 404U roe 364U 364U 
25 3600 236U one oes ée0 ‘at 3244U 324U Sap 
1800 34U 34U 326U 364U dee 344U 324U 
1200 364U 364U 365U 404U mee 364U 364U eee 
900 365U 365U 404U 405U 365U 365U 
; 30 3600 3248S nic 326S ese 
1800 326U 326U 34U 365U 326U 326U 326U 
1200 365U 365U 404U 405U 365U 365U ous 
900 404U 404U 44U 444U 404U 404U 
40 3600 326S hae icon eee wee 364US ees 
1800 364U 364U 404U 44U on 364U 34U 
1200 404U 44U 405U 44U ves 404U 404U 
900 405U 405U 45U 405U 405U 
0 3600 364US ane oon aes - 365US 
1800 365US 365US 405U 44U bug 365US ‘ 
1200 405U 405U 44U on es 405U 405U ra 
900 44U 44U eee eee eas 44U 444U 
60 3600 365US cee eee we ese 405US P ose 
1800 4044US 4044US 444 eee ows 405US é 
1200 4H 44U ee Sua ol 44U 
900 445U 445U - sus ea 445U 
75 3600 404US gee ese see nk 444US 
1800 405US 405US —_ eee ees 444US 
1200 45U 445U eos eee she 445U 
100 3600 405US ade eee eee e906 445US 
1800 44US 44US ove nee ote 445US 
125 3600 44US nots 
1800 445US 445US 
150 3600 445US eee 
2300 volts 
60 3600 ave eas ene _ ane 44US 
1800 44US ave ood see éés 444US 
1200 45U ene ees ose oes 445U 
75 3600 44US oes ue _— ast 45US 
1800 4408 eee ose ese eee 445US 
100 3600 44US 
1800 445U8S 
125 3600 45U8 
Data from NEMA MG 1-5.02a, 5.02b, 5.06a, 5.06. 
1800 rpm frames with letters 8 are for direct-connected drives, but may be also used for V-belt drives with long shafts. In 
that case, omit suffix letter 8. 
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Table 10—Frame Assignments 
For Dripproof 40C Sin a -Phase Table 11—Commercial Standard Voltages for 
Sietnie Integral-Horsepower 60-cps Motor Ratings 
Motor —— Frame Assignments—— ——————— Recommended Range of Ratings or ee 
Size (hp) 3600 rpm 1800 rpm 1200 rpm Low Slip, D 
“ — Nameplate A, B, C and F, and High Slip Repulsion Capacitor 
te vee Voltage (v) Wound Rotor Design D Start Start 
1 By 182 213 
1% 182 184 215 110 1-15 hp ME Be: col war o> “eee 
2 184 213 SS SAg5 iru eae Se. ee 1-7% hp 1-3 hp 
. “ as ieee saseS! 2 La 208s ae 1-7% hp 1-3 hp 
206 oes 208 1-200 hp 1-200 hp 1-7% hp 1-20 hp 
we a 220 1-200 hp SONI os bc llama Nn ke ioe 
208-220° DERRRR. | | weeps od) 5 ee i ae 
Data from NEMA MG 1-5.01. 
208-220/440* SOG dS  pedcew OAR Sage Ho ES ee eas 
a oo aa. \*" Gio to"... oo 
°C PRES RG EA On Fes sea aieek 2 Oi) 1-7% hp 1-20 hp 
I 0 a at ex Se 3-7% hp 3-20 hp 
440 1-200 hp SOMOS... o>: 81 Sees “Ge 2 eee 
ing. Struts or vanes extend from 550 1-200 hp OD TTT 
the band to structural support mem- 2300 444Uandlarger 444Uandlarger 9 ...... canes 
bers. As in the through-bolt mount- *These voltages are recommended for NEMA Design A or B only, since these motors are 
ing described above, the purpose of designed for 220v, and performance at 208v is somewhat lower. 
belly-band mounting is to minimize 


obstruction to air flow over the 
motor. 

Pivotal trunnions. Motor is mounted 
on pivoting device attached to the 
motor frame. This allows the mo- 
tor axis to be tilted up or down. 
Sometimes a “swing” arrangement is 
provided elsewhere for lateral move- 
ment, resulting in a portable mount. 
This is usually associated with port- 
able assembly line tools such as buf- 
fers, grinders, polishers, etc. These 
tools are normally driven through a 
flexible shaft attached directly to 
the motor. 


Direction of Rotation: General-purpose 
motors are usually made with symmetri- 
cal parts throughout so that rotation in 
either direction is equally efficient. Di- 
tection of rotation of polyphase motcrs 
can be changed by reversing one of the 
phases of the supply at the motor ter- 
minals. Three-phase motors can be re- 
versed by interchanging any two of the 
three incoming power leads to the stator 
Winding. No standard direction of rota- 
tion will be found on three-phase motor 
connection diagrams because the phase 
sequence of the incoming power lines is 
tot known or codified in a standard 
manner. 

Larger sizes of 3600 rpm motors fre- 
quently are made with unidirectional in- 
femal ventilating fans for more efficient 
®oling. These motors have a direction 
afrow prominently mounted on the frame 
or end tell. The standard direction of 
Mation is counterclockwise facing the 
tnd opposite the drive shaft. 

Single-phase motors run in the direc- 
tion in which they are started; and they 
te started in a predetermined direction 
&ccording to the electrical connections or 
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mechanical setting of the starting means. 
General-purpose motors may be operated 
in either direction, but the standard ro- 
tation is counterclockwise when facing 
the end opposite the drive shaft. Connec- 
tion diagrams or plates furnished with 
these motors show connections for coun- 
terclockwise rotation and give instruc- 
tions for reversing the rotation. 

Motors which are integrally mounted 
with the driven equipment having the 
direction of rotation marked on the ma- 
chine, such as centrifugal fans or pumps, 
should be carefully tested for correct ro- 
tation before being placed in service. 


Connections to Load: Power in the ro- 
tor must be transmitted to the load by 
means of the shaft extension. The most 
common shaft extension is straight, with 
a keyway extending most of its length. 
The strength of the shaft extensions and 
capacity of motor bearings are consistent 
with the motor rating. Accepted speed 
limits for various drives are given in 
Table 6. 

Another shaft extension construction is 
the straight keyed shaft with an addi- 
tional ring groove (Chapter 9). This 
shaft extension is usually used for a rela- 
tively large thrust load, which is trans- 
mitted by the grooving in the shaft. 

A tapered shaft is often specified for 
attachment of clutches, brake wheels, etc. 
Because these devices have frequent torque 
reversals, it is desirable to jam them onto 
the tapered surface to obtain a load- 
transmitting capacity in addition to that 
transmitted by the key. This construc- 
tion minimizes pounding or peening of 


the key and keyways. Also, disassembly 
of wheels from tapered shafts is much 
easier than it is from tightly fitted 
straight shaft assemblies. 

Many shaft-mounted loads, such as 
centrifugal pumps, use wearing sleeves 
under the packing glands or seals, and 
locking attachments such as nuts, screws, 
etc. This results in an extension having 
several diameters, or steps, and various 
keyways, threads or tapped holes. Two 
widely used designs of these shafts, to- 
gether with flange end brackets, are di- 
mensioned in Tables 7 and 8. These are 
called close-coupled pump motors and 
Pacific Coast pump motors respectively. 
Although these are not standardized by 
any recognized agency, they are pro- 
duced in quantity and offer cost advan- 
tages. 


Standard Frame and Voltage aAssign- 
ments: Frame configurations for motors 
have been standardized by NEMA, and a 
standard frame numbering system is used. 
Frame «configurations are identified by 
a code number, which is known as the 
fre 2 assignment. Each code number, and 
there are hundreds of them, completely 
defines the motor size and mounting di- 
mensions. Available frame assignments for 
single-speed polyphase motors are shown 
in Table 9. Table 10 lists frame assign- 
ments for single-speed, single-phase drip- 
proof motors. * 

Table 11 lists the standard voltages for 
which polyphase and single-phase motors 
are normally made. This table is based 
on NEMA standard and good commercial 
practice for each voltage. 








The starting point for a successful ap- 
plication is to determine all of the char- 
acteristics and functions of the driven 
equipment. Then, classify these as to 
whether they are necessary and essential, 
or merely desirable. With this information 
about the driven load, and with an equal 
understanding and knowledge of the 
characteristics and capabilities of the vari- 
ous general-purpose integral-horsepower 
motors, the application requirements and 
motor performance can be matched in 
terms of size, type, enclosure, and con- 
struction of motor. 

To properly select a motor, certain facts 
about both the motor and the applica- 
tion must be known. All NEMA limits 
in the charts and tables of this chapter 
are expressed in terms of the application 
or load limit. For example, if a 30-hp, 
220-volt motor is to have a maximum 
locked-rotor current of 435 amp and a 
minimum locked-rotor torque of 135 Ib- 
ft (1800 rpm motor), the purchaser of 
such a motor must provide for no less 
than 435 amperes and may demand 135 
Ib-ft torque for starting—but no more. 
Because this much performance is speci- 
fied for the user, it is customary for the 
motor manufacturer to exceed the mini- 
mum values (such as torques) and fail 
to take advantage of the maximum val- 
ues (such as slip or currents or tem- 
perature rise) in the actual motor fur- 
nished. By this arrangement the user is 
assured of a definite performance and 
the manufacturer can arrange his designs, 
manufacture, and test limits to satisfy 
the user. 

Required characteristics and functions 
of the load or driven machine which must 
be known for correct motor selection and 
application are: 


Selection Factors 


Horsepower: The required horsepower 


should be a realistic value. Often, 
horsepower requirements increase as 
the driven machine becomes worn. 
Any expected wear in parts or varia- 
tion due to a change in lubrication 
efficiency between maintenance pe- 
riods should be considered and av- 
eraged for the life-expectancy of the 
machine when determining horse- 
power. 


Speed: In general, higher-speed motors 


are smaller and less expensive. For 
this reason, many machines have ar- 
rangements of belting, gearing, or 
other speed-changing drives so that 
the drive motor may be chosen from 
the less expensive and more readily 
available 3600, 1800, or 1200-rpm 
speed classes. 


Variations in Load: Many machines 


have continuous steady running loads 
over long periods of use, such as fans 
or blowers. Other machines have 
wide variations in running load, such 
as deep-draw presses which have a 
flywheel. Often, the flywheel sup- 
plies the energy to do the actual 
work of production, and the motor 
does nothing but restore lost energy 
to the flywheel. Whether the load 
is steady, varies from piece to piece, 
follows a repetitive cycle of varia- 
tion, has pulsating torques or shocks, 
etc., must be considered. 


Maximum or Peak Loads: The largest 


expected momentary or short-time 
overload for the driven machine 











Table 12—Guide to Integral-Horsepower Motor Characteristics 
Motor Type  Locked-Roter Accelerating Breakdown Full-Load Locked-Rotor 
Torque Torque Torque Slip Current 

Polyphase MG1-4.11 MG1-4.13 MG1-4.12 MG1-1,.12 MG1-4.09 

Design A Table 13 Not less than Table 14 Less than In excess of 

70% locked- 5% currents, 
rotor torque Table 19 
Design B Table 15 
Design C Not less than 
130% full-load 
torque 
Design D Same as 5% slip or 
locked-rotor more 
torque in 
Table 17 
Design F 1 Less than 
5% 

Single-Phase MG1-4.06 MG1-1.44 MG1-2.07 MG1-4.10 

Design L Deas |’ sdcacdo tes .. oY rer ar Table 22 

I! ee tate ch) e Neg bee” liyep cco,  SPab be eouthen 















should be determined. For low-slip 
motors, this overload is usually e 
pressed in per cent of normal horse 
power. For machines which are driven 
by high-slip motors, this ratio should 
be expressed in per cent on the 
basis of torque rather than hore 


power. 


Machine Inertia: Not only should the 
inertia of the driven machine and 
the proposed motor be known, it is 
important to also know if the inertia 
changes during the work cycle. For 
example, in some extractors handling 
batches of material, the purpose of 
the machine is to separate and wm 
move certain unwanted material dur 
ing the work cycle. This reduces the 
load inertia. 


Static or Breakaway Torque: This is 


the sum of the static friction torque 
of the load, plus the kinetic friction 
torque (or the torque required - at 
very low speeds) of the load. The 
static-friction torque of the load is 
a result of all the machine and mo- 
tor friction losses, such as losses 
caused by any pistons and valves, 
pressures which may remain in com- 
pressor cylinders, etc. Kinetic friction 
is that due to the inertia of all the 
parts which must be started from 
rest and given momentum. Machines 
which are subject to accumulations 
of dirt, ice, etc., or may have poor 
maintenance or lack of lubrication 
have higher static or breakaway 
torque than clean, well-lubricated 
machines. This should not be ut 
derestimated. 


Frequency of Starting or Stopping: 
Since starting energy is so much 
higher than steady-state operation, 
this is an important consideration for 
overheating. Many fans and blowers 
are allowed to run continuously for 
hours or days, whereas automatically 
controlled compressors, pumps, ett, 
start a number of times per hout. 
Frequently, motors in some machine 
tools have many starts or stops pe 
minute. 


Starting Current Limitations: In many 
motor applications, the amount of 
starting current available is limited. 
Usually, limits are set by the utility 
supplying power, but inadequate wit 
ing and fusing may also limit star 
ing current. 
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Polyphase Motors 


Polyphase motors of three basic con- 
structions are offered by most manufac- 
turers. The most widely used motor type 
by far is the constant-speed squirrel-cage 


speed varies slightly with load, but there 
is much less variation than there is 
with other sources of mechanical power, 
such as de motors and gasoline engines. 

A second construction has controllable 
speed over a fairly wide range when fully 
loaded. This is the wound-rotor type motor. 


12——-AC INTEGRAL HORSEPOWER MOTORS 


nous motor, offers absolutely constant- 
speed operation. Schematic diagrams of 
these motors are shown in Fig. 4. 
Torque, horsepower, and speed require- 
ments of a large number of applications 
can be satisfied with one of the five 
NEMA classifications of motor, Table 12. 











yw. 
2 motor. Actually, with this motor, the Another type of construction, the synchro- Each design offers a different combina- 
horse. tion of torque, speed, and current char- 
driven acteristics to meet various operating re- 
should quirements. 
n the All designs can withstand full-voltage 
horse. starting when connected directly across 
the power lines. They are strong enough 
mechanically to withstand the resultant 
magnetic stresses and locked-rotor torques 
ld. the at the instant the switch is closed. Stand- 
. and ard locked-rotor torques are given in 
» itis Table 13. Designs A and B motors, in 
inertia larger horsepower sizes and in lower syn- 
e. For chronous speeds, develop lower per cent 
ndling torques than do the lower horsepower 
ose of sizes and higher speeds. Designs C and 
nd re D are characterized by higher per cent 
u dur. torques in all ratings than Designs A 
es the and B. Design F, a low starting torque, 
low starting current motor, has the low- 


est NEMA locked-rotor torque require- 
ments. 


his 
wall Standard breakdown torques are given 
riction in Table 14. There is less divergence 


from lowest to highest values in mini- 
mum required breakdown torque for De- 
signs A, B, C, and D than for the locked- 
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a nil Squirrel - Cage Wound rotor or True Synchronous rotor torques. However, the speeds at 
leila slip ring which maximum breakdown torque is 
valves developed is not the same for each of 
. com- Fig. 4—Three basic polyphase motor schematics. 
riction 
ll the 
from 
chines 
lations 
, poor Table 13—tLocked-Rotor Torque of 60-cps Squirrel-Cage Motors* 
ca Locked-Rotor Torque (per cent —_ torque) 
kaway Speed (rpm 
ricated Motor Designs A sad B———————— ——Deige D— —Sesign P— 
zx Size (hp) 3600 1800 1200 900 600 1900 «41200 0«=— 900s«i1see = «1200 900s—i‘iaOsd200 
e 
% sive 150 150 115-105 tas es. c's dig ab 275 
% ‘ab aie 175 di on ae on 275 
: 1 sha 275 et rai Sas 275 
pping: 1% 175 265 oe Aiea ne 
much 2 175 250 145 oe a. Seis 
; 3 175 250 135 bce bus 225 
aa 5 150 185 160 130 130 sud 250 225 
oa 1% 175 150 125 120 250 225 200 , 
lowers 10 175 150 250 225 
ly for 15 165 140 , 225 200 
tically 20 150 135 200 
» ik 30 125 4-125 
hour. 40 135 
achine 50 125 
60 125 
pS pe 75 110 
100 110 125 125 
125 100 110 | 
150 100 110 
many 200 100 =—:100 Y | Y y y y y Y Y : 
nt of ° 
mited. *Values good for 50-cps motors, but speeds are 5/6 of 60-cps speeds. 
utility Data from NEMA MG 1-4.11. 
e wil- Torques represent the upper limit of load torques for application of these motors. Values apply to 208-220/440-v and 
pm 208-220-v motors on 220v. On 208v, values are lower. 
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these designs. eral classifications according to desired 

Standard locked-rotor current limits are characteristics. A division may be made 
shown in Table 15. Design A may exceed according to slip, less than 5 per cent 
the locked-rotor current shown for de- slip being defined as low slip, whereas 
signs B, C, D, and F. Larger motors are high slip is 5 per cent or more, Table 16. 
required to start on less current per Low-slip motors are intended for loads 
horsepower. that are relatively constant and run for 

Squirrel-cage motors are built in sev- long periods of time. These are NEMA 


Designs A, B, C, and F. High-slip motor, 


which are NEMA Design D, are intended 
for fluctuating loads, or loads that am 
intermittent. 


Design A motors, Fig. 5 and Fig. § 
have higher breakdown torques and 
higher locked-rotor currents than Design 
























































Table 14—Breakdown Torque of 60-cps Squirrel-Cage Motors* 
Breakdown Torque (per cent full-load torque) 
Synchronous Speed (rpm) 
Motor Design B— —_ Design D—— —Design F— 
Size (hp) 3600 1800 1200 900 720 1800 = «1200 900 «= 1800s«éd200—ti«é0 1800 =: 1200 
y Sah wee ma 250 200 is oad 275 oth 
% pee ny 275 250 oe a 275 ‘ed 
1 ss: 300 215 250 sah 275 
1% 275 300 275 250 ~ a ; 
2 250 275 250 225 ont pa 
3 250 275 250 225 200 ake 
5 225 225 225 225 has 200 200 ‘ie 
7% 215 215 215 215 190 190 190 ot 
10 200 200 200 200 =o 
15 ese 
25 135 135 
30 
40 
i 50 
60 
i 75 
i 100 
125 
150 
200 ites. ae Tapes Bare) ee Be cae ieee Bae 

















*Values good for 50-cps motors, but speeds are 5/6 of 60-cps speeds. 

Data from NEMA MG 1-4.12. 

These torques represent the upper limit of load torques for application of these motors. 
and 208-220-v motors on 220 v. On 208 v, values are lower. 


These values apply to 208-220/440-v 








Table 15—Locked-Rotor Current Limits for Three-Phase, 220-v, Squirrel-Cage Motors 











Max Lecked-Rotor Current (amps) Max Locked-Rotor Kva/Hp Code Letters 

= 0 cps — 50 cps ——— 68 oo——_—— 50 cps ———— 8 ao 50 cps 

Motor Design Designs Design Design Designs Design Designs Design 
Size (hp) F B, C and Dt B F B, C and D B F B, C and D B 
ly eane 14 eee 9.14 10.67 ee L M 
% Sane 21 ads 9.14 10.67 ée L M 
1 inee 24 23 ens 9.14 10.67 ¢e L M 
hay leon 35 40 ne 8.88 10.15 oe K M 
2 et 45 50 set 8.57 9.53 ee K L 
3 ades 60 70 sas 7.62 8.89 ve J K 
5 deen 90 105 see 6.86 8.00 oe H K 
™ bene 120 140 sad 6.09 7.11 ¥e G J 
10 édee 150 175 seu 5.72 6.67 se G H 
15 eats 220 255 ost 5.59 6.48 mr F H 
2 espe 290 335 eal 5.52 6.36 oe F H 
25 a 365 420 ay: 5.56 6.40 - F H 
30 270 435 500 3.43 5.52 6.35 B F H 
40 360 580 670 3.43 5.52 6.35 B F H 
50 450 725 835 3.43 5.52 6.35 B F H 
wo 540 870 1000 3.43 5.52 6.35 B F H 
75 675 1085 1250 3.43 5.52 6.35 B F H 
100 900 1450 1670 3.43 5.52 6.35 B F H 
125 1125 1815 2090 3.43 5.52 6.35 B F H 
150 1350 2170 2495 3.43 5.52 6.35 B F H 
200 1800 2900 3335 3.43 5.52 6.35 B F H 





Data from NEMA MG1-4.00 and NEC 430-7 (b). 


*Locked-rotor current of motors designed for other than 220 volts are inversely proportional to the voltage ratio. 
tDesign A motor locked-rotor currents may be in excess of those shown in this column. 
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notory, B; but definite limits have not been 

tended standardized. Applications for these mo- 100 
tors must be checked carefully because e 
of the high locked-rotor amperes required. os : nga 
Quite possibly, special controls may be 3 en 1 ' sy “s 

ri required for starting. This motor is suit- = Design F ! ! N 

. able for machines in which friction and e aa i if / \ 

Desi inertia are small and starting and stop- 3 ! S fg Design D - 
ping are infrequent. Typical applications £ 60 — ~ 7T 7 7 5 per cent— 
are hydraulic pumps and cutting tools 9 1 “ge t Ber 1 slip 

ail such as saws and grinders. Customary = fl fit 4 DesignA | , 
range of sizes of Design A is 1 to 200 ee ser > / 
hp at all speeds. Load requirements of / Pit r) 
typical applications fall within the fol- 2 / ; / 
lewing ranges: Breakaway torque, 40 to 2 1 oy Design C 
70 per cent of rated full-load torque; ac- ° 20 \_; N 
celerating torque, 20 to 50 per cent; peak a 1 \ ‘ 

etna : SS \ \ 
torque, 130 to 175 per cent; load inertia, ee \ \ 
less than motor-rotor inertia. Also typi- . 1% \ \ 
ca. is continuous steady-load operation % 50 100 150° 200 250 500 50 
with infrequent (less than once an hour) t f full-load 
gerting or stopping. orque (per cent of full-load torque} 

Design B motors have normal starting Fig. 5—Standard NEMA minimum torque values for squirrel-cage 
torque and a starting current acceptable induct a These = are for Designs A, B, C, D, and F 
to most power systems, Fig. 5 and 6. — I 30 to 50 hp. 

This design has relatively high breakdown 

torque and low slip. These motors are 

used on fans, machine tools, blowers, cen- 1S per cent slip 7 

trifugal pumps, etc. They will accelerate 300 P. “~— oka 
to full speed any load that the motor can 6-13 dent Rotor 
start. Customary range of sizes is 1 to j “ . Points 
200 hp at all speeds. Typical applications 280 | J. 5-8 per cent slip.. 

for this motor are: Those having a break- ~ | High Slip ¢ NEMA 

away load torque less than 50 per cent 3 Ao ‘ [ Design C "2 
of rated motor torque; accelerating or & ib —<T as * ly” Point 
pull-up torque requirements of less than 3 200 1 oF, ST NEMa = prey 

530 per cent; occasional peak or maximum 7 y, / ~ Design 6 Rotor 

= torque requirements not more than 125 > 4 of re | ~~. Peat 
per cent; little or no torque pulsation; a | Py a NEMA | 
load inertia less than motor rotor inertia; § r ig ‘\ ie | 

— and continuous steady-load operation . | / 1 Nee roy 
with infrequent starting or stopping. This a / | Point | 
motor and NEMA Designs A and C g 100 i - 
satisfy the drive requirements of about cs 
7% to 85 per cent of all motor-driven e 
machines and equipment. = ae | 

Continuous | 
Design C motors have a high starting Running aacsteretien cs 
+ Under abe zi 
torque and a normal breakdown torque, aes 
Fig. 5 and Fig. 6. Typical applications oO 
for this design are machines in which ° 100 200 300 400 500 600 
breakaway loads are high at starting, but 
which normally run at rated full load Current (per cent of full- load current) 
and are not subject to high overload de- 
Fig. 6—Torque and current relationship for squirrel-cage induction 
motors with a range of 30 to 75. hp. 
Table 16—Full-Load Slip Allowances for 1-200-hp Motors 
1 —_———Low-Slip Motors——__—_-_ ________nigh-Sip Motors; Design D 
Design O Design F High-Speed Deep Elevator,* 
Design above above Punch Draw Frequent Crane, Torque 
AorB 3 hp 30 hp Press Press Reversing or Hoist Motor 
NEMA Standard Less than Less than Less than 5% or more 5% ormore 5% or more No standard No standard 
MG 1-1.12 5% required 5% required 5% required required required required specified specified 
Good Commercial 
Practice 2 to 4% 2 to 5% 2 to 4% 5 to 8% 8 to 13% 8 to 20% 10 to 25% 15 to 50% 
*This is a definite-purpose motor, NEMA Std. MG 1-7.481. 
: Design A or B motors with 10 or more poles may have slip slightly higher than 5 per cent. 
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Table 17—Breakdown Torque 
of 60-cps Wound-Rotor 








Motors* 

Breakdown Torque 

(percent full-load torque) 

Motor Speed (rpm) 
Size (hp) 1800 1200 900 
1 and 1% ....«. 250 
2, 3, amd 5 ..... 275 275 250 
7% and 10 .... 275 250 225 
BB cccccoscce SD 225 225 
20 to 200 ...... 225 225 225 


*Values apply for 50-cps motors, but 
speeds are 5/6 those for 60-cps motors. 
Data from MG 1-4.14. 











mands after running speed has been 
reached. Compressors that are not un- 
loaded at start, plunger pumps, and many 
types of conveyors are typical examples 
of such machines. Customary range of 
sizes is 7, to 200 hp at 1800 rpm, slight- 
ly lower horsepower at 1200 and 900 rpm. 
Typical applications for this motor have 
load requirements in the following ranges: 
Breakaway torque, 100 to 150 per cent; 
accelerating torque 75 to 125 per cent; 
peak torque, 130 to 150 per cent; load 
interia, less than motor-rotor inertia; in- 
frequent starting or stopping. 


Design F is built to obtain low locked- 
rotor current, Fig. 5 and 6. In this mo- 
tor the locked-rotor and breakdown 
torques are both low. Therefore, the field 
of application is small. This motor is for 
applications which require low starting 
torque, run at rated full load, but do 
not impose high overload after running 
speed is reached. This motor is usually 
found on fans or compressors which start 
unloaded. Customary range of sizes is 
30 to 200 hp at 1800 or 1200 rpm. Typi- 
cal loads for this motor have breakaway 
torques ranging from 25 to 40 per cent; 
accelerating torques of 10 to 25 per cent, 
and peak or maximum load torques of 
105 to 115 per cent. 


Design D motors develop high starting 
torque with moderate starting current. 
These motors also have over 5 per cent 
slip, so that the speed can drop when 
fluctuating loads are encountered. Manu- 
facturers have found it practical to sub- 
divide this design into several groups 
which vary as to amount of slip (5 to 
8 per cent, 8 to 13 per cent, etc.), or as 
to the shape of the speed-torque curve, 
Fig. 6 and Fig. 7. Typical applications 
for this motor are machines in which 
heavy loads are suddenly applied or 
removed at frequent intervals. Examples 
are hoists, cranes, punch presses, cen- 
trifuges, extractors, and machines with 
flywheels, Fig. 8. A work-stroke rate in ex- 
cess of 40 per minute does not allow 
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Fig. 7—Speed and torque relationship for Design D squirrel-cage 


motors. 


for recovery acceleraton—such loads are 
a torque pulsation for the motor. A fly- 
wheel should not be used for these ap- 
plications, and motor horsepower and 
physical strength should be carefully se- 
lected. 


Polyphase Wound-Rotor 
Motors 


Standards for wound-rotor motors are 
established by NEMA for only certain 
characteristics. Breakdown torque is given 
in Table 17. kur the lower horsepower 
sizes and higher speed motors there is 
an increase in the per cent torque re- 
quired. Since wound-rotor motors are 
very seldom made for 3600 rpm speeds, 
no standard values have been established. 

Selection and design of the electrical 
circuit which controls the rotor resist- 
ance (and resulting characteristics of the 
motor) are determined first, by motor 
horsepower, voltage, phase, frequency, and 
design of rotor winding and, second, by 
the nature of the control. The data re- 
quired by the control manufacturer are 
designated secondary data and consist of 
the voltage appearing across the open 
rotor circuit with full voltage on the 
stator terminals, but with the rotor locked, 
and also the maximum current which will 
flow in the rotor circuit with a locked 
rotor. The NEMA standard for secondary 
data is shown in Table 18. 

The wound-rotor motor differs mark- 
edly in its application, compared with 
squirrel-cage motors. This is because of 
the accessibility of the rotor circuit for 
varying the motor resistance. By insert- 
ing different values of resistance in the 
rotor circuit, a family of curves is ob- 
tained, Fig. 9. Some of these curves com- 
pare with curves for Designs A, B, and 


D squirrel-cage motors. Because a wound- 
rotor motor may be used in accordance 
with any one of its family of curves, it 
has a greater versatility of operation 
which gives it an advantage in many 
types of applications. 

Wound-rotor motors may be used for 
their constant-speed characteristics, or as 
adjustable-speed motors. Under this con- 
dition the speed may be reduced to as 
much as 50 per cent of the synchronous 
speed for certain types of fixed loads, 
such as fans, compressors, printing presses, 
etc. Careful application is necessary, how- 
ever. At reduced speeds the speed regu- 
lation is poor because the motor tends 
to drive light loads at higher speeds. 

The amount of locked-rotor current de- 
manded by a wound-rotor motor is a 
function of the external resistance, Fig. 
9. By suitable choice of external resist- 
ance and a means of switching resist- 
ance, it is possible to change the motor 
performance from curve to curve. This 
characteristic—the ability to reduce or 
vary the locked-rotor current by chang- 
ing the external resistance—gives the 
wound-rotor motor another unique ap- 
plication advantage. Wound-rotor motors 
are frequently used wherever high locked- 
rotor and accelerating torque with low 
starting current is wanted. Examples are 
centrifuges, hammermills, crushers, pul- 
verizers, stone polishers, etc. Also, wound- 
rotor motors are used wherever heavy or 
delicate loads must be accelerated gradu- 
ally and smoothly. This makes them use- 
ful on cranes, hoists, elevators, inclined 
conveyors, etc. 


Selection Charts: Table 19 lists pre- 
ferred and alternate choices of electrical 
characteristics for squirrel-cage and 
wound-rotor motors. 
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Table 18—Secondary Data for 
Wound-Rotor Motors 
Motor Secondary Max Secondary 
Potential* Ourrent 
(hp) (volts) (amps) 
1 90 6 
1% 110 7.3 
2 120 8.4 
3 145 10 
5 140 19 
™ 165 23 
10 195 26.5 
15 240 32.5 
20 265 38 
25 220 60 
30 240 65 
40 250 75 
50 280 84 
60 300 92 
7 235 146 
100 275 170 
125 305 190 
150 340 207 
*Tolerance, +10 per cent. 
Data from MG 1-4.18 (suggested stand- 
ard). 











Synchronous Motors 


Synchronous motors are a class by 
themselves. In all sizes they operate at 
a constant speed regardless of the load 
as long as it does not exceed rated load. 
In larger sizes they not only carry their 
assigned load, but can also offer a large 
inductance to correct the power factor 
in the power supply system. 

Two general constructions of syn- 
chronous motors are employed, Fig. 4. 
The true synchronous motor, which em- 
ploys a de source for excitation of the 
revolving field, is occasionally offered as 
small as 20 hp, but is mostly used in 
applications from 50 to several thousand 
horsepower. Motors which run at speeds 
from 514 to 1800 rpm are classed as high- 
speed. Low speed is considered 450 rpm 
or slower. High-speed synchronous mo- 
tors are, in generai, used for the same ap- 
plications given for NEMA Designs A, 
B, or F in Table 19. 

For some of these applications—such 
a generators, large blowers, compressors, 
and centrifugal pumps—their constant 
speed characteristic is particularly ad- 
vantageo::s. For other applications, the 
correction of power factor may be the 
deciding factor, especially in large manu- 
facturing or processing plants. 

Low-speed synchronous motors are usu- 
ally used as direct-connected drives for 
compressors, pumps, etc., where they 
will prove more economical than induc- 
tion motors with gear, chain, or belt 
drives. 

Reluctance-type synchronous motors, 
Fig. 4, are generally limited to 30 hp 
and smaller. They are self-contained, self- 
excited units, and many configurations 
of rotor laminations are used to get the 
synchronous-speed characteristic. In gen- 
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Fig. 8—Flywheel duty cycle 


for Design D motor. To take full 


advantage of the flywheel effect, the motor should accelerate the 
flywheel to full speed after each work cycle, as shown. 
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Fig. 9—Family of speed-torque curves for a typi 
Various values of resistance are p’ 


tor. 


ical wound-rotor mo- 
in series with the rotor 


windings to change the motor characteristics. The locked-rotor cur- 
rent drawn by a rotor with zero external resistance, as shown in 
curve (1), is the maximum value. 


eral these motors produce relatively low 
lock-rotor, pull-up, and pull-out torques, 
compared to induction motors of the 
same physical volume. Also, they require 
relatively high lock-rotor current. Never- 
theless, these motors, because of their 
synchronous, constant-speed characteris- 
tic have a special field of application as 
drive motors for individual conveyor rolls, 
runout tables, etc., in processing plants. 
This is because the speed of a large 
number of these motors can be simulta- 


neously controlled by varying the fre- 
quency of their incoming power. 

There are no standards of performance, 
frame sizes, or connections for these 
motors. 


Single-Phase Motors 


Single-phase motors are available in 
five different constructions, Fig. 10. Re- 
pulsion-induction motors make use of a 
wound rotor with brushes and commu- 
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Table 19—Selection Chart for 
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Sak NH —— High-Slip ——— Con- Constant 


Variable stant Horse- Wound 





Agitators, liquid ......sccceccoccccccscees 


Attrition 


So cdo c ctabbnan banisecdosn 


TE XL Te ke 
Banbury mixer ......-.-+-++eeeeeeeeeees 


Band mill 


Belt con 


veyor, loaded .......... PeeS a 2 


Belt conveyor, unloaded ...............-- 
Bend 


ing 
Bending 
Blower, 
Blower, 
Blower, 
Blower, 


Se WN IE, nding nevncosepss 
roll, with flywheel ............. 
EL. recent stbatenedges oe 
age displacement ............ 
By ee 
Sf errr cree 


SS rrr eae 
Boring machine, gun barrel ............-. 
Boring machine, jig ...........seceeeees 


Bottling 


I ile deta eGaed nokwn'oen 


PE ccdcd bach cot cneetelieanee’ one 
RE IIE on ocak 6s bees gh ARMKEMann s 
Broaches, automatic ...............++++-: 
Broaches, production ............seeeee. 
NOE: MONEE cdCr eh occwesbite dlae os 
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Bucket conveyor, small, unloaded ........ 
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Car, pul 


OE ey ae eres 


ONES SS rere rr 
Ce IE ok. , Casev't con cccveetes 
Centrifugal, compressor .................. 
EE EP SE Cer eee, Cor eee 
Ce. UNE 5 sa wcyve’ cies accede new 
EE x oda kateb dideb oes see cha seanees 
Chipper, started empty .................. 
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Circular 
Circular 


Sh DL. Waite Lue okies keaee 
I sR a a sah aS 
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rt for | Squirrel-Cage and Wound-Rotor Motors 12—AC INTEGRAL HORSEPOWER MOTORS 
ee ww Single Speed —_—— Multispeed ——— 
Lew-Slip ————-... . . - ——_ ey | —_— - Con- Constant Weand 
— Machine A B o F 5-8% 813% over13% Torque Torque power Rotor 
Lathes, metal, automatic ................. 2 2 2 
ames, MmOtMl, LMR oo. c ccc esceccceccce l 1 
Lathes, metal, production ..............-. l 1 
a oS ea arr ee ers 1 l 
Laundry machinery, extractors ........... 1 1 
2 Laundry machinery, ironers .............. l l 
9 Laundry machinery washers ............. l l 
ENE Pree eo. ot ors Tee 3 3 3 3 
CE, DOME. cotacbcdaue ovesaies veces ! 2 
BMMMEMOIUS, UMIORGOR .cccccciccccccscccces l 2 
Loom drive, with clutch .................. l 
2 Loom drive, without clutch .............. l 
2 
Machine tools, automatic ................ 2 2 2 
Machine tools, production ................ l l 
Machine tools, small .................5.5- 1 l 
SRST EE AS ee eo l 1 
ON BSE Freer er Oe l l 
aT l l 
Sy, WIE 6n.5.0s cv o's + 0¥ wg wma e Rake l 1 
WNT vos coccccrwsegevonere<' l l 
2 EN cSeke ccdtu abs cad ateccucthiveis tins l l 2 
Oil field pump, flywheel ................ 2 l 
Paddle mixers, liquid .................... l l 
Paddle mixers, semisolid ................-. l l 2 
OO ear l 2 
RN as ed cosine Meee bbs 4 08h tdk te a¥es l l 2 
, Power hammer, flywheel ................. 2 2 
5 I SNR TO hg ote ci ea a a ROSSA 0 l 2 1 2 
Printing press, production ............... l 
TT MR Sedss gusakc supers Ce buse tots l 2 l 
Propeller pump ..... SPREE ee eet ne re l 2 l 
NN ets rs ee l l 
gS ee ae oe Ane l l 
mp, positive displacement, loaded ...... l ] 2 
Pump, positive displacement, unloaded .... l l 
9 NE, OMEN a cn ck baw bie esevees l l 
Pump, reciprocating and rotary, loaded ... l l 2 
Pump, reciprocating and rotary, unloaded l ] 
pap. EE FR Pe Fa l ] 
Punch press, ‘ywheel, deep draw ......... 1 l 2 
Punch press. * ywheel, high speed ........ 1 l 2 
9 Punch press, small no flywheel ........... l l 
2 Riveting machine, flywheel .............. 1 1 
3 Riveting machine, no flywheel ......... l l 
2 
Sand mixer, centrifugal .................. 1 
Ss atk s CERNE AER POW OO aa Pen'de l ] 
ee Checuler, Lage... cine asic des dawsawees ] 2 
Ee MOE. os. wecncannasdadaans l 
EE ire <tc c tk bac re tearsp eon l 2 
ne OES PEGE, eee ne | gs rs a l 2 
ee eee re eT ee ee l ] 2 
3 i ene aaa le Camel deehee kates 3 3 3 
tC ene aay Laue a Bia U l 2 
Sintering fan, unloaded .................. l l 
NR WR 5, ask Vehises o¥ nb ON ees l | 2 
: RES ER ES NS l l 
ee Sa Rem See ees AO 3 3 3 3 
ee epi d na ha Reuthk l l 2 
MEE Uc Sos, 'enc Khe cave nes nq tt, l l 
2 EE. Tiids cvsicgilaWds NES EEE Ase « l l 2 
Vacuum pump, reciprocating ............. l 1 
Vacuum pump, rotary, industrial ........ l l 
Vacuum pump, rotary, papermill ......... l l 
RRR ES Sa rR ep ie 3 3 3 3 
; Legend: 1 = First choice, or preferred selection. 
2 = Alternate choice, and should be carefully applied by furnishing motor manufacturer the complete machine per- 
: formance requirements. 
3 = Definite purpose motors for the driven machine—see Chapter 16. 
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Table 20—Locked-Rotor 
Torque of Single-Phase 60-cps 
Induction Motors* 


Locked-Rotor Torque (Ib-ft) 
eam Speed (rpm) 


8.4 
10.3 
14.0 
17.3 
24.0 








Data from NEMA MG 1-4.06. 


: *Values represent the upper limit of 
load torque for application of these mo- 








tator, plus a squirrel-cage winding to 
give a varying speed characteristic. 
Repulsion-start induction motors have a 
wound rotor with commutator and 
brushes, but, in addition, have an auto- 
matic transfer device to alter the rotor 
characteristics during acceleration. Thus, 
it simulates a squirrel-cage polyphase De- 
sign B motor when running at full speed. 
Capacitor-start induction motors have 
die-cast aluminum rotors. An auxiliary 








Table 21—Breakdown Torque of Single- 
Phase, 50 and 60-cps Induction Motors 














Breakd Torque (lb-ft) 
Synch Speed (rpm) 
Motor 60 cps 50 cps 60 cps 50 eps 60 eps 
Size (hp) 3600 3000 1800 1500 1200 
nie es a ha x23 6.9 
1 ~~ bee 6.8 8.2 9.2 
1% 4.6 5.5 10.1 12.1 13.8 
2 6.0 7.2 13 15.6 18 
3 8.6 10.2 19 22.8 25.8 
5 13.5 16.2 30 36 40.5 
7™% 24 45 54 60 
10 32.4 60 72 





Where values are not shown, figures have not been estab- 
lished. 
Data from NEMA MG 1-2.07. 








Table 22—Locked rotor Current Limits for Single-Phase 
Induction Motors 


Locked-Rotor Maximum Locked- Rotor 
Current (amp) 











m4 
Qa 
. 


5 
g 





— Ag NEC 430-7(b). 


Kva/Hp ——Code Letter——_ 
Design M Design L Design M Design L Design M 
35 ee 8.05 eeee K 
50 40 7.65 6.14 J G 
65 50 7.48 5.75 J G 
90 70 6.90 5.36 H F 
135 100 6.65 4.60 H E 
200 150 6.14 4.60 G E 
260 200 6.00 4.61 G E 
390 300 5.99 4.60 G E 
520 400 5.99 4.61 G E 
MA 
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(phase) winding is provided in the stator 
for starting, in series with a starting ca- 
pacitor. An automatic transfer device dis- 
connects this winding during acceleration. 

Two-value capacitor motors (known as 
capacitor-start, capacitor-run) also have 
die-cast aluminum rotors. However, the 
auxiliary (phase) winding is designed for 
continuous duty and a condenser selected 
for continuous duty remains in series with 
the phase winding at all times. An inter- 
mittent-duty condenser is added in the 
phase circuit for starting, but it is discon- 
nected by an automatic transfer device 
during acceleration. 

Low-starting current, two-value capaci- 
tor motors have a special stator winding 
which can be reconnected during accelera- 
tion. In all other respects, these motors 
are similar to two-value capacitor motors. 

The general size range of single-phase 
motors is from | to 20 hp. However, be- 
cause single-phase power supply lines are 
usually of limited capacity, use of motors 
larger than 71% hp is rare. Selection of 
single-phase motors is largely a problem 
of correctly matching the horsepower re- 
quirement of the load to the motor. A 
summary of specifications for Designs L 
and M single-phase motors is given in 
Table 12. All designs of single-phase 
motors can withstand full voltage starting 
directly across the power lines. Standard 
locked-rotor torque is given in Table 20. 


Standard breakdown torques are. given 
in Table 21. Standard locked-rotor cur- 
rent is given in Table 22. Larger motors 
are required to start on less current per 
horsepower than smaller motors. 


Repulsion-Induction Motors have a vary- 
ing speed characteristic, Fig. 11. By vary- 
ing the wound-rotor and squirrel-cage por- 
tions of the rotor, these motors can be 
suited to many definite-purpose applica- 
tions, such as printing presses, textile ma- 
chines, and laundry extractors. See Chap- 
ter 16. 
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Repulsion-Start Induction Motors have 
been the workhorse of the single-phase 
family of motors. With characteristics well 
suited to a large number of constant-load 
requirements—such as compressors, fans, 
pumps, stokers, farm machinery, etc— 
these motors have enjoyed wide popular- 
ity. They develop very high locked-rotor 
torque—far in excess of NEMA values— 
but have a pull-up torque no better than 
the capacitor types of single-phase motors. 
These motors have low locked-rotor cur- 
rent and are NEMA Design M. On low 
voltage, this low locked-rotor current de- 
mand is advantageous. .The low current 
draw minimizes the voltage drop to the 
motor terminals. 

Due to the favorable ratio of high start- 
ing torque and low locked-rotor current, 
these motors, when operated on low volt- 
age, are often still able to handle their 
loads satisfactorily. They may be used 
in a wide range of temperatures, from 
—25 to +104F. Ranges of sizes of re- 
pulsion-start motors is 1 to 7% hp in 
speeds of 1800 rpm or 1200 rpm only. 


Capacitor-Start Induction Motors are 
made in sizes up to 5 hp and at speeds 
from 3600 to 900 rpm. Typical speed- 
torque curves are shown in Fig. 11. These 
motors are suited to many general-purpose 
constant-speed applications, such as com- 
pressors, blowers, fans, machine tools, 
pumps, conveyors, stokers, etc. Due to 
limitations of the capacitor, they operate 
only within the temperature range of 32 
to 104F. These motors are usually con- 
structed with the transfer device within 
the motor and the capacitors in attached 
enclosures. Installation requires only sim- 
ple direct wiring to the control. 


Two-Value Capacitor Motors (capacitor- 
start and capacitor-run) are made in sizes 
from 5 to 20 hp and speeds from 3600 to 
900 rpm. These motors have low full- 
load running current due to the effects 
of the run capacitor which substantially 
improves the power factor of these mo- 
tors. Typical applications of these motors 
are blowers, fans, conveyors, pumps, ma- 
chine tools, etc. These motors may be 
operated in temperatures from 32 to 104F. 
Usually, all capacitors and transfer devices 
are furnished in a box separate from the 
motor, designed for mounting near the 
motor. Wiring requires connection of 
motor, capacitor unit, and control. 

The two-value capacitor motor with 
low starting current is a variation of the 
two-value capacitor motor in which the 
running winding is modified for recon- 
nection at start. Range of sizes is from 


Fig. 11—Typical speed-torque curves for 
five different types of single-phase integral- 
horsepower motors. 
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7Y%_ to 15 hp at speeds of 3600 to 900 
rpm. This motor is for applications such 
as fans, blowers, and centrifugal pumps 
having very low static friction or break- 
away torque requirements. Running per- 
formance, construction, and other charac- 
teristics are similar to standard two-value 
capacitor motors. 


Two-Speed Motors 


Single-phase two-speed motors may be 
made in either the capacitor-start or two- 
value capacitor designs. Two-speed mo- 
tors are built with two windings and 
operate at speed combinations in ratios of 
2:1 (3600/1800, 1800/900, 1200/600) or 
3:2 (1800/1200, 900/600) or 4:3 (1200/ 
900). 

There are no standards of required per- 
formance for these motors. Also, there 
are no standards for connections or lead 
markings. There are two general types: 
Motors with variable torque, and motors 
with constant torque characteristics. 

Variable Torque Characteristics: With 
these motors, the horsepower varies as the 
square of the speed, Fig. 13. These are 
the more popular type. Typical applica- 
tions are fans, blowers, or centrifugal 
pumps. Range of sizes is from | to 5 hp 
(at top speed) and from 3600 to 900 rpm. 

Constant Torque Characteristics: With 
these motors, the horsepower varies di- 
rectly as the speed. Typical applications 
are compressors, reciprocating pumps, and 
machine tools. Range of sizes is from 
1 to 3 hp (at top speed) and from 1800 
to 1200 rpm. 


Techniques for Stopping 


Many applications require that a means 


of stopping or holding the load be con- 
sidered. There are many ways in which 
motors may be stopped, but the follow- 
ing are the most common: 

Coasting to a stop is usually allowed 


on fans, blowers, compressors, etc., where 
neither length of time to stop, nor posi- 
tioning of the machine when stopped is 
important. 

Mechanical Brakes may be specified on 
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Fig. 12—To t ratios of various designs of single- 
phase nail enbiaioaie motors. 
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the motor. There are several types of 
mechanical brakes, and a comparison of 
them is given in Table 23. Most brakes 
are spring-applied and electrically released 
so that in the event of power failure they 
will stop the equipment. Brake enclosures 
should match or equal the motor en- 
closure. Brakes are rated in torque, lb-ft, 
and are sized in proportion to motor full- 
load torque. For most applications a 
brake rated the same as motor torque, or 
up to 1.5 times motor torque, is suitable. 

Mechanical brakes will hold a stopped 
load and not allow creep, which is im- 
portant in hoists, inclined conveyors, 
elevators, laundry washers, etc. Also, 
mechanical brakes dissipate the stopping 
energy of the entire installation, and 
therefore allow the motor to keep cool. 
Repeated stopping and starting of the mo- 
tor can be more frequent than with other 
braking arrangements, 


Dynamic means of stopping are com- 
pared in Table 24. All of these methods 
decelerate the motor and load quickly, 
but do not prevent creep of the load. 
However, they are useful for many appli- 
cations requiring stopping and instanta- 
neous positioning. This is important in 
operations such as filling, shearing, wrap- 
ping, pasting, weighing, etc. Since stop- 
ping energy has to be dissipated by the 
motor rotor, these methods result in hot- 
ter motor operation and must be care- 
fully applied. Here are the four most 
often used methods: 


Plugging is a reconnection of windings 
to reverse the motor rotation while it 
is still ranning. This causes it to stop. 
To prevent it from starting in the op- 
posite direction a sensing control, or 
zero-speed switch is required. Braking 
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Table 23—Mechanical-Braking Methods 

Brake Motor Type of Ease of Heat Wear 
Type Size Service Mounting Dissi- Adjust- 

(hp) Recommended to Motor pation ment 

Dise 1-75 Light Easy (flange) Limited Fair Easy 
wal ™ eae “3 ‘ 

Shoe 25-150 Heavy Difficult (special High Good Easy 

adaptor) 











Table 24—Dynamic-Braking Methods for 
Polyphase Motors 











Braking Motor Typeof Braking Operator 
Method Size Service Torque Control 

(hp) Recom- 

mended 

Plugging Windings 1-50 Heavy High Fixed 
Auxiliary Windings 1-30 Light Limited Fixed 
Capacitor 1-5 Light Limited Fixed 
Do Braking 1-50 Heavy High Adjustable 








torque is high throughout decelera- 
tion. 


Additional Windings require that a 
means of reconnection be used to ob- 
tain a dynamic decelerating torque. 
The windings may also feed back in- 
to the power supply. A sensing con- 
trol or zero-speed switch is required 
to disconnect the motor when stop- 
ping position is attained. If desired, 
braking torque may be controlled dur- 
ing deceleration, but holding a steady 
torque at standstill is not practical due 
to motor overheating. 


Capacitor Braking is a technique where 


one or more capacitors are placed in 


series with the motor windings. At 
the same time,. the windings are dis- 
connected from the power supply, 
and reaction between the windings 
and the capacitor causes braking. 
Braking torque decreases to zero as 
the motor decelerates. 


Direct-Current Baking is a technique 
where de power is applied to one or 
more of the motor windings after 
they are disconnected from the power 
supply. Braking torque is low at 
first, increasing sharply as the motor 
decelerates, then becomes zero at 
standstill. Maximum braking torque 
may be varied by changeing the dc 
voltage. 


Installation Requirements 


All performance characteristics and op- 
eration information given for motors are 
based on motor terminal voltage. Yet, 
correct and stable voltage is rarely avail- 
able. The problem of incorrect voltage 
is so common and widespread that NEMA 
Standards MG 1.-2.02 and MG 1-205 
Specify that motor manufacturers must 
anticipate as much as a 10 per cent vari- 
ation. The Standards allow a change 
ar sacrifice in performance standards for 
low voltages and for high voltages. 

Although different types of motors are 
affected in various ways, the effect of 
low voltage at the motor terminals, in 
general, is a weaker motor (less torque). 
Under these conditions, the motor draws 
lower starting current, runs at a higher 
temperature under full load, and is usually 
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quieter. Conversely, the effects of higher 
motor terminal voltage are increased mo- 
tor torque, increased locked-rotor current 
demand, somewhat cooler running at full 
load, but an objectionable increase in 
noise. Table 25 shows the variation in 
locked-rotor torque and locked-rotor cur- 
rent which otcurs with changes in ter- 
minal voltage. Other characteristics, such 
as full-load speed, efficiency, power factor, 
running current, pull-up and breakdown 
torque, also change with motor terminal 
voltage. 

A margin is provided in motor designs 
to permit successful operation and appli- 
cation for a terminal voltage deviation 
of as much as 10 per cent. However, this 
applies only at rated load or less—a serv- 
ice factor does not apply when rated mo- 


tor voltage is not available. 

‘There are two corrective actions which 
can be followed when terminal voltage 
differs from rated: 1. Correct the voltage 
and obtain full motor performance includ- 
ing service factor. 2. Accept the voltage 
deviation and derate the motor. 


Choice of Voltage: Correct voltage at 
the motor terminals is important, and 
great care should be taken to insure that 
correct figures appear on the specifications. 
There usually is a difference in voltage 
between the point at which power is de- 
livered from the utility and the motor 
terminals. Accepted good practice is to 
keep this difference below 3 per cent when 
the motor is delivering full load. This 
voltage difference is a result of the IR 
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drop in incoming supply lines. 

Under conditions other than full load, 
the motor current demand varies from a 
maximum (for squirrel-cage motors) at 
locked-rotor conditions to a minimum at 
rated speed and idle load. Since the IR 
drop is proportional to current flow, it 
will be a maximum at locked rotor. The 
distance of the motor from incoming 
power and the adequacy of the wiring 
should be arranged to limit the JR drop 
to an acceptable level. This usually in- 
volves a compromise between the desire 
for a minimized IR drop during starting 
and the cost of heavy wiring. 

Table 26 shows the proper choice of 
equipment voltage rating for various in- 
coming power voltages. Here are the 
facts to remember: 1. Public utilities have 
means to control the voltage delivered to 
the premises. 2. Some IR drop on the 
premises must be provided for. 3. The 
availability of motors, rated at different 
voltages is severely limited. 

When faced with this problem: 1. In- 
sist that the power utility provide the 
voltage shown in Table 26. 2. Procure 
motors of special voltages (at high cost). 
3. Derate the motor. 


Unbalanced Voltage: In polyphase mo- 
tors, rated performance and all considera- 
tions of selection and application assume 
a balanced power supply at the motor ter- 
minals. Voltage and power factor, as de- 
termined for each lead or pair of leads, 
should be equal when the motor is deliv- 
ering full load. 


In a motor installation this may not be 
true. The effects of unbalanced voltage 
(for more details, see MG 1-6.07) are 
measurable in the running currents, mo- 
tor full-load speed, motor torques, and 
motor temperature rise. An unbalance 
of as much as 3.5 per cent between high- 
est phase voltage and the average of all 
three voltages in a three phase motor re- 
sults in a temperature rise about 25 per 
cent higher than normal. Also, the cur- 
rent per phase resulting from a severe 
unbalance imposes a very complex prob- 
lem of protecting and controlling the mo- 
tor. 

It is fairly easy to determine if the mo- 
tors are defective and are causing the un- 
balanced condition. First make full-load 
readings of voltage, amperage and wattage. 
Then, identify and reconnect each power 
line to the next phase (advance all power- 
lines one phase) and repeat full-load 
measurements and readings. Compare the 
before and after reconnection readings. If 
the high current and voltage advanced 
with the reconnection, the unbalance is in 
the power lines. 

There are three choices of action when 
unbalanced voltages prevail at the motor 
terminals: 1. Examine all equipment and 
wiring on the premises and correct as 
necessary. 2. If the fault is not on the 
premises, have the public utility balance 
the power supply. 3. Severely derate the 
motor. 


Frequency Variations: Motors which are 
to be powered from large public utilities 


or interconnected networks in the United 
States do not have problems with fre. 
quency variation—it is practically non- 
existent. 

Frequency variation problems occur in 
three general areas of application: 1. Mo- 
tors powered from small, isolated power 
supplies. 2. Motors powered for special 
purposes where frequency variation is a 
means of controlling motor performance, 
3. Machines designed for operation from 
60-cycle power lines which are modified so 
that a 50-cycle motor may drive the ma- 
chine. 

For small changes in frequency—not ex- 
ceeding 5 per cent above or below rated 
frequency—NEMA Standard MG1-2.04 and 
MGI-2.05 specify that motor manufactur- 
ers provide adequate margins of perform- 
ance so that all motors will operate satis- 
factorily. However, some sacrifices in per- 
formance are acceptable. A summary of 
the effects of as much as 5 per cent fre- 
quency variation is given in Table 27. 

When 60-cycle motors are operated on 
50 cps, there are increases in locked-rotor 
torque, locked-rotor current, temperature 
rise, and noise. However, there is a de- 
crease in speed. For a 20 per cent change 
in frequency (60 to 50 cps), the change 
in each performance detail is substantially 
more than 20 per cent. Nevertheless, 60- 
cycle motors with a service factor have op- 
erated successfully on 50 cps, yielding rated 
horsepower at rated voltage without in- 
jurious temperature rise (see MG1-4.17 and 
MG]1-4.19). Since motors on 50 cycles are 
about 20 per cent stronger (have about 





Table 25—Motor Performance with 
Voltage Variation 








Variation in Variation in 
Applied Terminal Locked-Rotor Lecked-Rotor 
Voltage Torque Current 
(pez cent) (per cent) (per cent) 
115 132.25 115 
110 121.00 110 
105 110.25 105 
100 100.00 100 
95 90.25 95 
90 81.00 90 
85 72.25 85 
80 64.00 80 








Based on 100 per cent = rated voltage. 








Table 26—Preferred Motor 
Nameplate Voltages 








Nominal -—Nameplate Voltage (v)— 
Voltage Polyphase Single- Phase 
Motors Motors 

120 110 115 
120/208 208 or 220 115 

240 220 230 

480 440 460 

2400 2300 





Data based on recommendation by EEI 
and NEMA that equipment is intended to 
be used on the system whose nominal 
voltage is associated with, but is not 
numerically equal to, its rating (for ex- 
ample, a motor rated 220 volts on a 
nominal 240 volt system). 








Table 27—Motor Performance with Frequency Variation 














Patio of Variation in Variation in Variation In Change Change 
Applied cps Speed Locked-Rotor Locked-Kotor in Temperature in 
to Desired cps Full-Loaa Torque Current Rise Noise 
(per cent) (per cent) (per cent) (per cent) Level 
105 105 95 slight decrease slight decrease 
100 100 100 See OM CD i ipgiven™ on. a gaalere 
95 95 111 105 slight increase slight increase 








Macuine Desicn—Tue Extecrric Moror Book 





G8GERS ESF. 


Rr. 
° 


SEAGER WRERTEERER ETE 8 


E> BSF Re 


Ee 


BP RSeRE. FRAT 


; & 





12—AC INTEGRAL HORSEPOWER MOTORS 











ed per cent higher effective torques) it 
be necessary to review characteristi 
Re the sissies eliiids tae wailed pt Table 28—Effect of Temperature 
installed to be sure that overstressing and and Altitude Variation on Horsepower 
in breakage of parts do not occur. amsblené Motor Horsepower (per cent of rated hp) 
0- Temperature Altitude —_—___—_—Class of Insulation—____—- 
al Ambient Temperatures: Installations in (deg C) (tt) A ® * 29 
| which ambient temperatures arz lower 
a than 10C (SOF) or higher than 40C ae yea fie 0-3300 115 115 die 
e. (104F) are unfavorable, and motor suit- 40-50 0-3300 100 100 ae 
m ability and life expectancy will be in- over 50 0-3300 Less than 100; varies for each mo’ 
a cod, 10-40 3300-9900 100 100 vee 
10-40 over 9900 Less than 100; varies for each mo’ 
- Troubles frequently caused by low am- No service factor 
bient temperature are: Excessive condensa- 10-40 @-se00 nd = ed ” 
tion requiring additional drains and more —- ao a eT 
“d corrosion-resistant surfaces to prevent rust- : 
id ing or oxidation damage, formation or t 
* accumulation of ice in bearings or close ; ‘ 
- running parts, hardening or solidifying of ¥ 
“ greases or lubricants in bearings, unequal Table 29—Temperature Rise for } 
f contraction of adjacent parts and possible Dripproof Motors : 
breakage of parts, and loss of performance eS j 
* of capacitor motors due to changes in Allowable Temperature Rise (deg C) j 
capacitor effectiveness at low tempera- Auttant Se. 
n wes. Temperature (degC) A B F H ; 
a To combat low ambient temperatures, 40 50° 70° 90° 110* 
e the best way is to set forth all the facts in 50 40 60 80 100 
‘ the specifications, so that the motor sup- eo ’ ” ped 
° plier can modify his product or design a = ba 7 on > 
e new product to suit the installation. Usu- 90 40 60 
y ally, a greater degree of maintenance is 100 t 50 
. necessary on such motors in order to ob- 110 er 
, tain their life expectancy. Another way *See Table 3. 
out of the problem is to relocate or pro- tIn some cases, 30 rise motors are available. 
f tect the installation so that the motor 
d will not be exposed to ambient tempera- 
. tures lower than the normal design stand- 











ard. 

For high ambient temperatures two 
avenues of approach to a correct applica- 
tion are available. First, derate the mo- 
tor. This is a very limited procedure as 
will be seen from Table 28, and only mo- 
tors with service factors permit this ap- 
proach. However, there are many re- 
quirements for operation at ambient tem- 
peratures up to 50C (122F), as in boiler 
rooms. This is a practical derating—mo- 
tors are selected with service factors, but 
are used at no more than their full-load 
rated horsepower. 

A second approach is to purchase spe- 
cially designed and rated motors. This 
is a complex problem in application, in- 
sulation, and frame sizing. Some idea of 
the many combinations of ambient tem- 
peratures and temperature rises for 100 
per cent rated loadings of dripproof mo- 
tors is given in Table 29. 


Altitude: Above 3300 ft, the tempera- 
ture rise specified for the motor insulation 
may be exceeded. This is a normal con- 
dition since the ventilation capacity and 
expected heat motor losses are designed 
lor lower altitudes. If it is necessary for 
4 motor to operate above 3300 ft above 
sea level, there are several choices of 


1961 Edition 





























action: First, derate the motor as shown 
in Table 28. Although this is a limited 
procedure, it is applicable to many in- 
stallations using generel-purpose motors. 
The idea is to apply a motor with a serv- 
ice factor, but only load it to its name- 
plate horsepower capacity. A second 
choice of action is to purchase special mo- 
tors designed or modified for the installa- 


tion. 


Shocks, Vibration or Overspeeding: If 
any of the following conditions exist, they 
should be listed for special consideration: 
Mountings that will be subject to shock 
or vibration, as in many transportation 
applications; loads that will transmit tor- 
sional stresses or pulsations to the motor 
shaft, such as hammermills, punch presses, 
self-locking gear drives, etc.; installations 
subject to explosive shocks, such as in 
warfare, or in quarrying or mining opera- 
tions where blasting occurs near equip- 
ment; machines that may drive the motor 
at much higher speeds than normal. 

Either or both of the following choices 
are available to purchasers whose ma- 
chines or equipments have any of the 
above problems: 1. Minimize or eliminate 
the troublesome characteristics. 2. Pur- 


chase motors of special design (and high- 
er cost) which will be strengthened or 
modified to withstand the abusive con- 


dition. 


Long Inactive Periods: Many installa- 
tions have motors which are kept as 
spares, or on a standby list. Motors for 
these conditions may be kept for long 
periods of time in an original shipping 
container. Or they may be mounted upon 
equipment which is rarely called to service. 

When a motor is kept as spare equip- 
ment, it should be thoroughly tested upon 
acceptance to disclose any defects or de- 
ficiencies in manufacture or from ship- 
ping. Then, the motor should be special- 
ly packed for extended storage. Storage 
should be under controlled conditions. In- 
stallation after storage should be as care- 
fully performed as for the original units. 

For standby equipment which is part of 
a larger machine it is desirable that the 
motors should be run or operated at reg- 
ular intervals. These “exercise periods” 
should be performed according to the 
manufacturer’s recommendations, but in 
general an interval of 1 to 3 months 
should be anticipated. 
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CHAPTER 


Selection and application 


Dc Integral-Horsepower Motors 








IRECT-CURRENT motors have one 

major advantage over most alternat- 
ing-current motors—ease with which their 
speed can be changed. Both induction 
and synchronous ac motors are basically 
constant-speed motors. Special types of ac 
motors can provide some speed adjust- 
ment, but de motors have advantages 
which usually make them preferable when 
adjustable speed is desired. 


Advantages of Dc Motors 


Wide Speed Range: Continuous opera- 
tion is commonly available over a speed 
range of 8:1 in many popular de motor 
systems. An infinite range (smooth con- 
trol down to zero speed) for operation 
of short duration or at reduced load is also 


common. 


Easy Control: Speed adjustments of dc 
motors are usually made with simple rheo- 
stats in low-power circuits (either the 
motor field circuit or the field circuit of 
the de generator supplying power to the 
motor). Precise speed regulation at any 
setting is simple to obtain with regulators 
and a speed measurement device. Control 
can be provided for limiting maximum 
torque, for controlling acceleration and 
deceleration rates, for holding tension, and 
for matching the speed of other motors 
without undue complexity. 


Variety of Speed vs Torque Curves: 
The shape of the speed vs torque curve 
in any of the four operating quadrants 
(motoring or regenerating in either direc- 
tion of rotation) can be varied to almost 
any useful form. This can be done either 
in the selection of the motor excitation 
windings or in the power supply and its 
associated control, or a combination of 
the two methods. This feature enables a 
user to closely match the needs of his 
application. 


High Torque Capacity: While many ac 
motors will stall at torque loads above 
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twice their rating and cannot start loads 
above 150 per cent rated, dc motors are 
often applied on duty cycles where they 
momentarily deliver three or more times 
their rated torque. When an emergency 
demands, dc motors can supply still higher 
torques (over 5 times rated) without 
stalling. 


Braking: Either dynamic or regenerative 
braking is easily obtained with dc motors 
on applications requiring quick stops. This 
often eliminates the need for, or reduces 
the size of, a mechanical brake. 


Reversing: Smooth control of de motor 
speed can be obtained down to zero, fol- 
lowed immediately by acceleration in the 
opposite direction without switching in 
the power circuit. 


Fast Response: Direct-current motor 
systems respond quickly to changes in the 
control signals. The high ratio of torque 
to inertia of modern de motors helps to 
achieve fast -esponse. 


High Efficiency: In applications re- 
quiring a wide speed range or frequent 
acceleration and deceleration of large iner- 
tias, dec motor systems are generally more 
efficient than other electric drives. 


NEMA Standards 


NEMA has established standards which 
fix ratings, dimensions, and performance 
characteristics for de motors and genera- 
tors. These have been drastically revised 
during the last five years. NEMA stand- 
ards define industrial de motors as “a 
motor of mechanical construction, suitable 
for industrial applications under usual 
service conditions . . . Unless otherwise 
specified, it has Class B insulation and 
a dripproof enclosure.” 


Horsepower and Speed Ratings: Table 
| lists the NEMA standard horsepower 


and speed ratings for industrial de motors. 


Only one top speed by fieid control is 
listed for any horsepower and base-speed 
rating. Previous to the current revision, 
dc motors were classified as constant speed 
(very limited speed range by field con- 
trol) or adjustable speed (with speed 
ranges of 3:1, 4:1 or 6:1 by field control), 

Combining these hundreds of standard 
ratings into one table has simplified the 
selection of dc motors. The horsepower 
values listed in the second column recog- 
nize the increased ventilation and its ef- 
fect of increasing the permissible output 
when self-ventilated motors are operated 
at high speeds. NEMA horsepower rat- 
ings are based on a winding temperature 
rise of 60 C above the ambient. Drip- 
proof industrial de motors have a 1.15 
service factor at base speed, the same as 
standard induction motors. Between 150 
and 300 per cent base speed, the service 
factor for de motors is 1.3. 


Voltage Ratings: NEMA standard volt- 
age ratings are 120 and 240 v for motors 
1 to 10 hp. Above 10 hp, only 240 v is 
listed in the standard. Special-voltage 
motors can be obtained from about 20 to 
about 600 v. 


Short-Time Ratings: Direct-current mo- 
tors for several applications, such as 
cranes and hoists, have historically been 
rated on a 30-min or 60-min basis, rather 
than for continuous operation. Such rat- 
ings are not recognized in the current 
NEMA standards for industrial de motors. 
The application of short-time rated mo- 
tors should be made with care. These 
ratings are established by tests where the 
motor is started cold (ambient tempera- 
ture), run at constant load for the speci- 
fied time, and the winding temperatures 
measured on shutdown. ‘There are few, 
if any, applications where a motor is re- 
quired to run in this fashion and then 
allowed to cool to ambient temperature 
before repeating the cycle. Therefore, 
such ratings seldom describe the actual 
load on the motor and may lead to mis- 
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Table I—NEMA Horsepower Ratings for Industrial Dc Motors 
and Maximum Speeds Obtainable by Field Control 
Horsepower at 
Horsepower at 300 Per Cent Base Speed (rpm) 

Base Speed and Higher Speeds’ 3500 2500 175@ 1150 850 650 S00 400 300 
0.5 0.65 NA? NA NA NA 3000 2600 2000 1600 NA 
0.75 1 NA NA NA 3200 3000 2600 2000 1600 NA 
1 1.3 NA NA 3500 3200 2800 2600 2000 1600 NA 
1.5 2 4000 4000 3500 3000 2800 2600 2000 1600 NA 
2 2.6 4000 4000 3300 3000 2600 2600 2000 1600 1200 
3 4 4000 3700 3300 2800 2600 2600 2000 1600 1200 
5 6.5 3700 3700 3000 2800 2600 2400 2000 1600 1200 
7.5 10 3500 3500 3000 2800 2600 2400 2000 1600 1200 

10 13 3500 3500 3000 2800 2500 2200 2000 1600 1200 
15 20 3500 3300 3000 2600 2500 2200 2000 1600 1200 
20 26 3500 3300 3000 2600 2400 2200 1800 1600 1200 
25 33 NA 3100 3000 2600 2400 2000 1800 1600 1200 
30 40 NA 3100 3000 2600 2400 2000 1800 1600 1200 
40 52 NA 3100 2700 2400 2200 2000 1800 1600 1200 
50 65 NA NA 2700 2400 2200 1800 1800 1600 1200 
60 80 NA NA 2400 2200 2000 1800 1600 1600 1200 
75 100 NA NA 200 2200 2000 1800 1600 1600 1200 
100 130 NA NA 2200 2000 1800 1600 1600 1600 1200 
125 165 NA NA 2000 2000 1800 1400 1600 1600 1200 
150 200 NA NA 2000 2000 1800 1600 1600 1600 NA 
200 260 NA NA 1900 1800 1700 1600 1600 NA NA 
1Within the speed range listed in the table (dripproof motors only). 

Maximum speed ratings not standardized for these combinations of horsepower 

size and base speed. 








application by persons unfamiliar with 
their complete capabilities. 


Types of Excitation 


The different types of excitation wind- 
ings used on de motors and the speed vs 
torque characteristics of each are described 
in Chapter 4. 


Shunt-Wound Motors: Most of the dc 
motors being furnished now are shunt or 
stabilized-shunt wound. These are suit- 
able for the majority of applications 
where it is desired that the speed remain 
fairly constant at any control setting, re- 
gardless of load variations, These are the 
only types capable of appreciable speed 
range by field control. When the sta- 
bilizing winding is used, it helps prevent 
an undesirable characteristic of some 
shunt-wound motors in which the speed 
rises as the load increases at weak field 
Settings. It has a disadvantage on revers- 
ing applications, however, because the 
relative direction of the stabilizing wind- 
ing with respect to the shunt winding 
must be reversed when the armature volt- 
age is reversed. This requires reversing 
contactors and time to operate them. 
Where fast reversing is needed, the sta- 
bilizing winding is usually omitted and 
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the shunt motor designed to be stable 
without them. 

The shunt winding can either be con- 
nected to the same power supply as the 
armature (self-excited) or it may be 
separately excited. The motor itself is 
the same in either case, unless the sepa- 
rate excitation source is of a different 
voltage than the armature supply. Sepa- 
rate excitation is much more popular to- 
day, since the speed is frequently varied 
by changing the armature voltage, while 
the shunt field current is kept constant. 


Series-Wound Motors: The hyperbolic 
shape of the speed vs torque curve of 
series-wound de motors is useful where 
the torque demand of the load varies in- 
versely with the speed. This characteris- 
tic occurs in all traction drives, which de- 
pend on rolling friction. It is also the 
desirable characteristic of some material 
handling devices, where a light load can 
be speedily moved and a heavy load 
moved slowly. Series motors can provide 
extremely high starting torques. Since 
there is nothing to limit the speed of a 
series-wound motor when the load is re- 
moved, this type should not be used on 
belt drives or applications where there is a 
chance that the load will drop to very low 
values, causing the motor to overspeed. 


Speed Control 


There are three basic methods of ad- 
justing the speed of a de motor. Com- 
binations of two or more of these are 
sometimes used. 


Shunt-Field Control: Weakening the 
shunt field current of a dc motor in- 
creases its speed. It also reduces the out- 
put torque for a given armature current. 
Since the rating of a dc motor is deter- 
mined by heating (due primarily to the 
armature current), the maximum permis- 
sible armature current is approximately 
constant over the speed range. This 
means that at rated current the output 
torque varies inversely with the speed, 
and the motor is said to have a “constant 


horsepower” capability over its speed 


range. Actually, in self-ventilated ma- 
chines, higher speed operation permits 
some increase in armature current and 
horsepower. 

This system is good only for obtaining 
speeds greater than the base speed. Some 
momentary reduction in speed below its 
base value can be obtained by over excit- 
ing the field, but prolonged operation in 
this manner will overheat the field. Also, 
magnetic saturation in the motor permits 
only a small reduction in speed for a 
substantial increase in applied field volt- 
age. 

Reel drives are a good example of the 
type of application for which shunt-field 
control is suited. It is usually desired 
to wind material (steel coils, paper, cloth, 
etc.) on the reel at constant linear speed 
and constant strip tension regardless of 
the diameter. When a coil is started, 
the rotational speed will be high and the 
torque low, because of the small radius. 
As the coil builds up to a larger radius, 
the rotational speed must decrease and 
the torque must become greater. 

In Table 1, the maximum standard 
speed range by field control is 4:1, and 
this occurs only at low base speeds. Spe- 
cial motors are sometimes furnished to 
provide a greater speed range up to 6:1 
(and very rarely to 8:1). Generally, if 
the speed range needed is much greater 
than 4:1, some other method for control- 
ling the speed is used for at least part 
of the .range. 


Armature-Voltage Control: In __ this 
method, the shunt field current is main- 
tained constant from a separate source, 
while the voltage applied to the armature 
is varied. The speed is approximately 
proportional to the applied voltage. (More 
exactly, the speed is proportional to the 
counter emf which is equal to the applied 
voltage minus the armature circuit IR 
drop.) At rated current, the torque re- 
mains constant regardless of the speed 
(since the magnetic flux is constant) 
and, therefore, a motor in this system is 
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said to have “constant terque” capability 
over its speed range. 

The horsepower varies directly with the 
speed. Actually, as the speed of a self- 
ventilated motor is lowered, it loses ven- 
tilation and cannot be loaded with quite 
as much armature current without ex- 
ceeding the rated temperature rise. 

This system is used primarily to vary 
the speed below its base value. How- 
ever, some dc motors are capable of 
operating on higher armature voltages 
than their nominal rated voltage, which 
permits speeds above the base value (usu- 
ally not more than twice rated voltage 
or speed are allowable). 

Variable voltage for this method is ob- 
tained by controlling the output of the 
de generator or rectifier which supplies 
the armature power for the motor. When 
a generator is used, this system is some- 
times referred to as the Ward-Leonard 
system. Usually, motors using this meth- 
od each have their own individual genera- 
tor. However, if a group of motors must 
all rise and fall in speed together, they 
can all be supplied from one generator. 

A combination of armature-voltage 
control and shunt-field control is very 
common where very wide speed ranges 
are needed. The former method is used 
for speeds below base speed, and the lat- 
ter for higher speeds. 


Armature-Resistance Control: With this 
method various values of external resist- 
ance are inserted in series with the arma- 
ture of the motor, and the power is sup- 
plied at constant voltage. This is really 
a variation of the armature-voltage con- 
trol method, since the voltage at the mo- 
tor terminals is reduced by the amount 
of the voltage drop across the resistor. 
This method has been used frequently in 
starting de motors, but is usually unsatis- 
factory otherwise (except on small ma- 
chines) for two reasons: 1. There is a 
considerable power loss in the resistors, 
reducing the efficiency of the system. 
2. The speed regulation changes for every 
change in resistance and becomes very 
poor at low speed. 


Application Factors 


Because of the considerable variety of 
de motors available and the extreme versa- 
tility with which they can be used, it is 
necessary to consider a number of fac- 
tors before choosing a particular de mo- 
tor and its associated equipment. The 
following discussion lists the factors 
which should be considered. 


Speed Range: If field control is to be 
used, the greater the speed range, the 
lower must be the base speed of the mo- 
tor and the larger its size. If it is much 
over 4:1, then armature-voltage control 
should be considered for at least part of 
the range. Infinite speed range can be 
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Speed (per cent of base) 


obtained with armature-voltage control, 
although below about 12 percent of base 
speed, the motor must be derated or used 
for only short periods of time unless 
special equipment is chosen. 


Speed Variation with Torque Load: 
Most applications require the speed to re- 
main constant at any setting, regardless 
of the torque demand. A shunt-wound 
motor is the correct winding type for this 
characteristic. If speed change with load 
(speed regulation) must be minimized, 
then a regulator, such as one employing 
feedback from a tachometer, must be 
used. For applications where it is desir- 
able for the speed to decrease as the load 
increases, compound or series-wound mo- 
tors may be applied. Also, a specially 
designed power supply with a drooping 
volt-ampere curve, plus a shunt-wound 
motor, can be used. 

Drives mainly concerned in overcoming 
friction tend to be approximately constant- 
torque, and the power required varies 
directly with speed. Reel drives, men- 
tioned previously, are an example of con- 
stant-horsepower loads, where the torque 
varies inversely as the speed. Fan drives 
have a torque load proportional to the 
speed squared (power varies as the speed 
cubed). Most loads do not follow any 
such simple mathematical relationship but 
tend to lie between the constant-torque 
and constant-horsepower cases. Direct- 
current motors operated by field control 
have approximately constant-horsepower 
capability, .and on armature-voltage con- 
trol, have approximately constant-torque 
capacity. 

A machine-tool spindle used for turn- 
ing various diameters of the same metal 
requires a greater torque (assuming the 
same cutting force) as larger diameter 
pieces are turned, but the rotational speed 
will be less (to give constant surface 
speed). Therefore, the load requirement 
is for constant power. In this case, the 
speed range is too large to be handled 
by field control alone, and is usually 
supplemented with gear changes. 
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Coupling Motor to Load: If the motor 
is to be directly coupled, then the motor 
speed must be the same as that of the in- 
put shaft on the driven machine. More 
often, dc motors drive machinery through 
gears or belts which provide a speed 
change (usually a reduction). For a given 
horsepower, the higher the base speed of 
the motor, the smaller and less expensive 
it will be. Therefore, high-speed motors 
are often used with suitable speed re- 
ducers. The most popular base speed of 
dc motors rated 1 to 100 hp is 1750 rpm. 
The type of mechanical drive will also 
affect the shaft dimensions. NEMA has 
two standard shaft extensions for most 
frame sizes—a small one for direct con- 
nection and a large one for belt or gear 
drives. 


Reversing Requirements: This affects 
the power supply and control, and may 
affect the brush adjustment of the motor. 
If the motor can be stopped for switch- 
ing before reverse operation, there is no 
problem. If this is not possible, then 
compound and stabilizing windings must 
be avoided, and a suitable armature- 
voltage control system used to supply the 
power. 


Inertia Considerations: Direct current 
motors are able to accelerate heavy loads 
very quickly and also have excellent brak- 
ing characteristics. The amount of torque 
required for this acceleration or decelera- 
tion may determine the size of the motor 
required. 


Duty-Cycle and Motor-Size Selection: 
Direct current motors are seldom applied 
on drives which run continuously at one 
speed and load. Instead, both the speed 
and load usually vary widely and rapid- 
ly, making it difficult to determine the 
rating required for the service. The size 
of motor needed may be determined by 
either of two criteria: The peak torque 
requirement or the heating. 


Peak Torque: The peak torque which 
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Fig. 2—Temperature rise as a function of 
speed and load for a typical de motor. 


a de motor can deliver may be limited 
by mechanical factors, such as shaft stress 
or bearing load, but more often, the limit 
is that load where damaging commutation 
begins to occur. Brush and commutator 
damage due to excessive sparking is both 
a function of the sparking severity and its 
duration. Therefore, the peak torque of 
a de motor is a variable depending on 


the duration and frequency of occurrence: 


of the overload. 

Fig. 1 shows the shape of such limits 
plotted as a function of speed. Motors 
can commutate greater loads at low speeds 
that at high speeds without damaging 
sparking. No values are shown on this 
curve because they vary between manu- 
facturers and between machines of differ- 
ent ratings of the same manufacturer. 
The NEMA standards specify that de ma- 
chines must deliver at least 150 per cent 
rated current for one minute at any speed 
within the rated range, but most motors 
will do much better than this. 


Heating Calculations: The temperature 
of a de machine is a function of the 
losses in the machine and of its ventila- 
tion. The losses consist of some that are 
fixed regardless of the load (but vary with 
speed and excitation’: Core loss, bearing 
and brush-friction’ windage, and shunt- 
field loss. A second group of losses varies 
as the first power of the load current: 
Brush-contact loss and stray-load loss. 
The third set of losses are the resistance 
losses of the armature circuit (armature 
winding, commutating field, and series or 
stabilizing winding) which vary as the 
Square of the load current. Because of 
this rather complex relation of _ motor 
losses to load, it isn’t easy to predict the 
Motor operating temperature exactly on 
duty cycles with varying loads. Various 
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Fig. 3—Typical dc motor transient heating characteristics as a function of 


speed and time. 


approximate methods are used to arrive 
at an answer to the question of how 
large a motor must be used to limit the 
temperature to the desired value or to 
provide the desired life and reliability. 

Three such methods are the horsepower- 
torque method, the rms current method, 
and the watts-loss method. The first of 
these is applicable only to motors operat- 
ing at approximately constant speed and 
excitation, and so has limited usefulness 
for de motors. 

The second method assumes that the 
total losses at any load compared to the 
total losses at rated load vary as the 
square of armature current. This rela- 
tionship is not exact. However, if a 
characteristic curve for the motor being 
considered is available—from which the 
current can be determined for each por- 
tion of the duty cycle—then this method 
can be used to give a quick answer that 
may be as accurate as the duty-cycle data 
used, 

The watts-loss method is the most ac- 
curate of these three methods and is 
especially useful for calculating the heat- 
ing of series-wound motors, or any type 
of totally enclosed de motors. It requires 
a characteristic curve on which is plotted 
the total losses vs load, or an efficiency 
curve from which these can be deter- 
mined. For each portion of the duty 
cycle, the watts loss is obtained and mul- 
tiplied by the duration of that portion 
of the cycle. The summation of these 
products divided by the total cycle time 
gives the average watts loss. The ratio 
of this value to the watts loss at the mo- 
tor rating, if multiplied by the rated 
temperature rise, will give the aproximate 
temperature rise of the motor when oper- 
ated on that duty cycle. 

The curves in Fig. 2 show directly the 
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Fig. 4—Motor temperature variation dur- 
ing duty cycles of intermediate duration. 


temperature rise the motor would attain 
if held at any load and speed long enough 
to reach a stable value. The curves in 
Fig. 3 plot the per cent of ultimate tem- 
perature rise vs time and indicate the 
rate of temperature change. With the 
appropriate set of these two curve sheets 
for a motor under consideration, accurate 
calculations of the motor operating tem- 
perature can be made on most duty 
cycles. 

Repetitive duty cycles may be classified 

as: 

1, Cortinuous operation at constant 
load and speed. 

2. Short cycles (10 min or less) wherein 
the temperature remains essentially 
constant. 

3. Cycles consisting of long periods of 
operation (several hours or longer) at 
each speed and load condition. 

4. Cycles wherein appreciable tempera- 
ture varjation (heating and cooling) 
occurs. 

Each of the first three types can be 

calculated in fairly straightforward fashion 

by one of the above methods. The fourth 
type is illustrated in Fig. 4 and requires 
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either trial-and-error solution, or the solv- 
ing of a set of complicated simultaneous 
equations to obtain the correct stable 
values where the final temperature equals 
the initial temperature. 

The effective ventilation over the duty 
cycle must be determined in using some 
of the above methods. For motors venti- 
lated with shaft fans, the usual practice 
is to determine the average speed for the 
duty cycle and use the corresponding air 
flow as the effective value. To make use 
of this requires a curve of air flow vs 
speed and another of allowable load (for 
rated temperature) vs air flow. Motors 
with separate blowers, of course, have 
constant ventilation regardless of the dc 
motor speed. 

Although most dc motors have a rated 
temperature rise which depends on the 
class of insulation used, this does not 
mean that the motor will fail immediately 
if this temperature is exceeded. It is 
good application practice to choose a 
motor which will operate a portion of the 
time above its rated temperature if there 
are compensating periods of low-tempera- 
ture operation. Also, the size of dc motor 
and its operating temperature should de- 
pend on the desired life and reliability. 
It is questionable to select a motor which 
would last 20 years to drive a machine 
which will be obsolete or discarded after 
5 years. On the other hand, an applica- 
tion where great loss would occur if the 
motor failed may dictate a conservative 
choice. An application method based on 
the “elapsed life” principle allows numeri- 
cal evaluation of these factors. 


Power Supplies: Since de power is not 
widely distributed today, it is usually 
necessary to convert the available ac 
power at a location where a dc motor is 
to be used. The choice of the power sup- 
ply may affect the motor selection, and 
it is, therefore, preferable in most cases 
to treat the problem as a system rather 
than to select motor and power supply 
independently. 


Moror-Generator Sets: An ac motor 
driving a de generator at constant speed 
is a versatile and reliable means of pro- 
viding either constant or adjustable-volt- 
age dc power. The generator may be self- 
excited, but is more often separately ex- 
cited from another small de generator in 
the same set, or from a small controlled 
rectifier system. It is easy to provide re- 
generative braking and fast reversing with 
this type of converting equipment. 


Rectirters: Simple diode-type rectifiers 
can provide constant-voltage de power. 
Systems using thyratrons, ignitrons, and 
controlled silicon rectifiers can provide ad- 
justable voltage. Adjustable transformers 
or magnetic amplifiers may be used with 





simple rectifiers to obtain adjustable-volt- 
age dc. Rectifier systems are quiet, reliable, 
lightweight and efficient. The dc voltage 
produced from them, however, has an ac 
ripple, the magnitude of which depends 
on the number of phases, the rectifier 
connection and the amount of phase re- 
tard. This ripple may affect the perform- 
ance of a de motor adversely in heating, 
commutation or noise. Motors to operate 
from rectifier systems must sometimes be 
larger or require special design because 
of this problem. Regenerative braking and 
fast reversing are usually expensive to pro- 
vide in a rectifier system. 

Pacxacep Power Suppuies: In recent 
years, several manufacturers have offered 
complete power-supply systems designed 
to match a certain de motor, and includ- 
ing all necessary regulators, control equip- 
ment, and protective devices. These pack- 
aged power supplies (both motor-generator 
and rectifier types) simplify the user’s 
problems of selection, assembly and in- 
stallation. 


Mechanical Factors: Environment and 
the characteristics of the driven machine 
will dictate the choice of motor enclosure 
and mounting method. 

Enciosure Sexecrion: Direct-current 
motors are available in the same enclos- 
ures as ac motors. Because of the exposed 
commutator and brushes, however, dc 
motors may require more protection in 
adverse environments than induction mo- 
tors need. Dripproof motors are now stand- 
ard for ‘‘c motors, and generally are the 
least expensive. Force-ventilated motors 
have the advantage that a high rate of 
air flow is maintained regardless of speed, 
permitting greater loads at low speeds. 
Also, filters can be used on force-venti- 
lated motors to keep out dirt, or the air 
can be delivered through a duct from a 
remote location where clean air is avail- 
able. Totally enclosed motors are gener- 
ally larger and more expensive. Motors 
with air-to-air or air-to-water heat ex- 
changers are small in size and totally en- 
closed, but are again more expensive. 

Mountinc: Direct-current motors may 
be mounted with the shaft horizontal, 
vertical (up or down), or inclined. The 
feet may be fastened to a base, to a side- 
wall, or to a ceiling. Either feet, or a 
variety of flange and face mounting ar- 
rangements, are available. 

Bett orn Gear Drives: The shaft and 
bearing sizes for dc motors are different 
from those of ac motors. NEMA is cur- 
rently writing a new standard giving the 
limitations on V-belt drives used on in- 
dustrial de motors. Where it is desired to 
mount pinions on the shafts of de mo- 
tors, data on the gearing system should 
be referred to the motor manufacturer for 
approval. 


Accessories: A number of accessories 
which can be mounted on the motor are 
frequently useful with dc motor appli- 
cations. 


TacHoMeEtTerRs: Because of the varying 
speed of de motors, it is common to fur 
nish tachometers with them, either to 
provide speed indication on a meter, or 
to supply a voltage proportional to speed 
to a regulator. Either ac or dc tachometers 
may be used for indication, but for regu- 
lation, de tachometers are nearly always 
used. 

Speep-Limir Swzrcues: Safety measures 
are enhanced by these centrifugal switches 
which can be set to remove power from 
the motor either at the maximum safe 
speed of the motor or of the driven equip- 
ment. 

Brakes: Electrically operated disc or 
shoe brakes may be mounted on a shaft 
extension opposite the drive end. Often 
these are spring set with electrical re- 
lease and are used primarily for holding 
a load when the power is off. 

Biowers: These are supplied with or 
without filters to provide constant venti- 
lation throughout the speed range. 


Space Heaters: Where motors are idle 

for prolonged periods in humid locations, 
it is good practice to provide space heat- 
ers inside the machines to prevent con- 
densation on the windings. 
. TEMPERATURE Detectors: Small switches 
which operate at a given temperature can 
be mounted on the commutating-field 
winding (which carries the load current) 
and can be connected to a warning device 
or to a relay to remove power when the 
temperature reaches the desired limit. 


Special Dc Motors 


Most of this chapter has been devoted 
to a discussion of standard de machines 
which can satisfy the needs of a majority 
of industrial applications. However, there 
are applications with unusual require- 
ments, and special dc motors have been 
developed for some of these jobs. Low- 
speed motors for direct drive, where it is 
desired to eliminate gears, have been de- 
signed for base speeds as low as 3 rpm. 
High-speed motors and dynamometers are 
built up to as high as 8000 rpm at 500 
hp. Motors of special shape, having 
square or rectangular instead of round 
frames, can be furnished to fit tight space 
requirements. Unusually long motors have 
been built to obtain low inertia. Compen- 
sating windings have been used in small 
de motors to provide linear torque vs 
current curves and to reduce armature 
circuit inductance for extremely fast re- 
sponse. These are only a few examples of 
the many ways de motors can be modi- 
fied to meet special requirements. 
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CHAPTER 


Selection and application 


Multispeed Motors 








M ULTISPEED motor designs provide a 
means of obtaining limited speed 
range without the need for external aux- 
iliary equipment, such as de or variable- 
frequency power supplies, fluid or mag- 
netic couplings, or mechanical speed 
changers. However, in contrast to vari- 
able or adjustable-speed systems, speed 
selection is in fixed steps with the steps 
often in fixed relation to each other. 
Multispeed operation may be obtained 
from single-phase and polyphase motors, 
including wound-rotor and synchronous- 
reluctance designs. In single-phase motors, 
multispeed operation is obtained in a 
number of ways, depending upon the 
basic design of the motor. For shaded- 
pole motors, popular in subfractional horse- 
power sizes for fan applications, speed 
change is generally obtained by means 
of tapped main windings. Fractional- 
horsepower, single-phase motors can be 
adapted to multispeed operation by using 
an external reactor or autotransformer to 
vary the motor terminal voltage in fixed, 
predetermined steps. Multispeed operation 
for these motors is covered in Chapter 10. 
Speed control of universal and direct- 
current motors is generally infinitely vari- 
able over the entire operating range of 


L. P. GREGORY 
Supervisory Engineer, Allis-Chalmers Mfg. Co., Norwood, Ohio 


the motor, and is discussed in Chapters 
ll and 13. 

For integral-horsepower polyphase mo- 
tors, multispeed operation is obtained by 
means of more than one stator winding, 
or by means of reconnectable windings. 
These motors are primarily of the squir- 
rel-cage design, and are discussed in de- 
tail in this chapter. They are ideal where 
speed change in fixed steps is permissible, 
without need for precise speed character- 
istics between steps. 


Motor Construction 


Multispeed squirrel-cage induction mo- 
tors are usually built with one or two 
windings. Three-winding motors are 
relatively rare. Such motors would be 
impractically large in frame size, due 
to the space requirements necessary for 
the number of windings and insulation. 
Cost would also be increased considerably 
as a result of these factors. 

The multispeed motor differs from the 
standard single-speed motor only in the 
number of leads brought out to permit 
reconnection, and in the number of slots 
in the rotor and stator structure to ac- 
commodate the windings and necessary 
coil groupings. These however, are of 


minor concern to the motor user. The 
important factor to consider is the pos- 
sible difference in frame size. The single- 
winding, variable-torque motor in small 
sizes will generally be on the same frame 
as a single-speed motor of the same maxi- 
mum horsepower and base speed. For 
larger motors, frame size will be at least 
equivalent to that for a single-speed mo- 
tor having a rating equal to the mini- 
mum horsepower and minimum speed of 
the multispeed motor, Table 1. This 
rule of thumb should be used only for 
estimating purposes, and confirmed by 
the motor manufacturer before any phys- 
ical work is done on bed-plates or founda- 
tions. Multispeed motors are available 
with the same mechanical modifications 
common to single-speed motors. 

Wound-rotor and synchronous multi- 
speed motors can be built, but are not 
popular due to their high cost. For both, 
the stator presents no problem, since 
it is almost identical to that of a squir- 
rel-cage motor. The difficulty lies in pro- 
viding the necessary connections to the 
rotor circuit. 

In the single-speed, wound-rotor motor, 
the rotor windings are brought out to 
three slip rings. If the stator were to 

















Table 1—Typical Multispeed Motors Available 
ed 

Horsepower Speed (rpm) No. of Windings Characteristic Frame* Dripproof TEFO 
10 1800 256U 1.0 1.26 
10/2.5 1800/900 1 Variable torque 256U 1.3 1.68 
10/5 1800/2900 1 Constant torque 284U 1.38 1.75 
10/2.5 1800/900 2 Variable torque 284U 1.76 2.13 
10/4.4 1800/1200 2 Variable torque 284U 1.76 2.13 
10/5 1800/900 2 Constant torque 236U 1.84 2.2 
10/6.7 1800/1200 2 Constant torque 2386U 1.84 2.2 
10/4.4/2.5/1.1 1800/1200/900/600 2 Variable torque 286U 2.0 2.35 
10/10 1800/900 1 Constant horsepower 324U , 238 2.76 
10/6.7/5/3.3 1800/1200/900/600 2 Constant torque 326U 2.35 2.84 
10/10 1800/1200 2 Constant horsepower 824U 2.39 2.87 
10/10/10/10 1800/1200/ 900/600 2 Constant horsepower 405U 5.42 7.6 
*Frame and cost compared to 10-hp, 1800-rpm, single-speed, dripproof motor, NEMA Design B. 
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be reconnected, say from four to eight 
poles, the rotor would have to be re- 
connected accordingly, since the rotor 
has the same pole configuration as the 
stator. This would require additional 
slip rings for the rotor circuit, plus 
additional external control. The cost of 
such an installation would exceed that 
of a special-cage motor, or special-cage 
motor control, to achieve the same per- 
formance. 

For the synchronous motor, with its 
rotating field, the problem would be 
further complicated by requiring intercon- 
nections between the dc poles. 

Multispeed synchronous-reluctance mo- 
tors have been built successfully. In 
smaller sizes these motors utilize a die- 
cast rotor. The rotor is built to provide 
operation on either of two speeds with- 
out requiring rotor reconnection. The 
stator is again almost identical in design 
to that of a multispeed cage motor. Pres- 
ent design practices limit these motors 
to a two-speed, 2:1 ratio. 


Speed Ratios 


Single-winding motors are generally de- 
signed to yield speeds in the ratio of 
2:1. Typical synchronous speeds for a 
60-cps motor would be: 3600/1800, 1800/ 
900, 1200/600 rpm, with corresponding 
squirrel-cage motor full-load speeds. 


Two-winding motors are somewhat 
more flexible in speed selection. In addi- 
tion to a 2:1 speed ratio, two-speed, two- 
winding motors are available to provide 
steps, such as 1800/1200 and 1200/900 
rpm. The speeds obtainable are de- 
pendent on the number of poles, and 
are identical to those obtained with cor- 
responding single-speed motor designs. 

For example, in a two-winding, 6)-cps 
motor, speeds of 1800/1200 rpm represent 
4 and 6 poles respectively, and these are 
the only speeds available in this particular 
combination. Hence, it would not be pos- 
sible to obtain a speed of 1400 rpm, 
since this-is not compatible with either 
a 4 or 6 pole, 60-cps design. A mechan- 
ical means of speed changing, external? 
to the motor, would be required to re- 
duce speed from 1800 to 1400 rpm. 

Two-winding motors can also be used 
to obtain three and four speed steps. 

In such cases, the speed steps are 
paired, a typical rating being 1800/1200/ 
900/600 rpm. In this case, 1800/900 
rpm is obtained from one winding, and 
1200/600 rpm from the second winding— 
with the 2:1 ratio prevailing on each 
winding. The three-speed motor is 
similar to the four-speed design, except 
that one of the windings is not tapped 
for reconnection. 

Multispeed motors are most popular in 
the small through 75 hp sizes. However, 
larger ratings are available for centrifugal 


pumps, blowers, and special applications, 


Performance Characteristics 


Multispeed motors are available with 
three basic performance characteristics, 
These are: Variable torque, constant 
torque, and constant horsepower, Fig. |, 
Selection is made not only on the basis 
of the speeds desired, but also on the 
basis of the characteristics of the driven- 
machine load. 

Variable-torque motors have a speed- 
torque characteristic which varies as the 
square of the speed. For example, an 
1800/900 rpm motor designed to de 
velop 10 hp at 1800 rpm would only 
produce 2.5 hp at 900 rpm. Since some 
loads have a torque characteristic which 
varies with the square or cube of the 
speed, this motor characteristic is usu- 
ally adequate. Fig. 2 shows typical con- 
nections for single and two-winding 
variable-torque motors. 

Constant-torque motors are capable of 
developing the same torque for all de 

‘needs. Power output varies di- 
rec h the speed. These characteristics 
are desi! for such applications as 
conveyors, mixers, and compressors. A 
good example is a conveyor system carry- 
ing a constant load, but at varying 
speeds. The torque requirements are 




























































































100 Constant horsepower 4 Lines 
Ti [fale 
High-Speed 7, 7, Tl; 7, 7, 7% Open 
= j 
& as . Low-Speed|7, | 7, | 7, | 7% 7% 7, Together 
3 
2 
= Constant torque Single-Winding.Two-Speed 
x Connections 
i Z 
S VA ’ ’ ’s 
30 I, 
5 4 Na 
YY 
H 25 7, Ay 
a I, ts 
Variable torque 
ae 7. T, 
% 25 50 75 100 1s 2 7, "ss ” I 
Speed (per cent of maximum) 
Lines 
‘ “ — Speed [Z, [2,/2 Ss! 
Fig. 1—Three basic load characteristics ‘Te3 7 one 
of multispeed motors. 
Low |7, | 7; Ty Ta "5 7e 7 Te “is 4a 15 “6 
2 1 lel" 1123's "sas “6 
Te SP ro windn ae di nam 3 1%1%15) 142% Ty "2 "is 46 4s 46 
enstens. High tel als) fe %s 1424545 % 


























Two- Winding, Four -Speed Connections 












Macuine Desicn—Tue Execrric Motor Book _ 











8 2283 9 LEETRES ESTE ERE TEE FER 


88 F28 


2 


B*° eae EFB FE 


@ GEE _FFRSRRBFEFR RES OFTES_ 





ons, 


with 


tant 
eS 
asis 


Q@at>oReGtFo ZS2RSR Fe ER 








essentially constant, but the power de- 
mand varies directy with the speed of 
the system. 

Constant-horsepower motors develop the 
same horsepower at all operating speeds, 
and the torque is inversely proportional 
to the speed. Typical applications for 
constant-horsepower motors are machine 
tools, such as drills, lathes, and milling 
machines. 

One such example is a metal-working 
machine, where it is desirable to take a 
heavy roughing cut at low speed, and a 
light finish cut at high speed. In a 
similar application, it may be desirable 
to cut at low speed, then return at 
high speed for the next cut. In this 
case, the torque requirement decreases as 
the speed increases, and vice-versa. Since 
the product of torque and speed remains 
relatively constant, the power requirement 
will be relatively constant at both drive 
speeds. 

Cranes and hoists can exhibit similar 
requirements of low speed when work is 
being done, and a high speed when 
traverse and return is being accomplished 
without load. 

Performance of a multispeed motor 
compares favorably with that of a single- 
speed motor, although it is not identical. 
The motor designer generally has to ef- 
fect a compromise to obtain optimum 
performance at all speeds. If, however, 
one particular speed should be the prime 
consideration, and other speeds a matter 
of convenience, then the motor manu- 
facturer should be so advised. A motor 
can be designed to have optimum per- 
formance at that particular speed, with a 
sacrifice of performance at other speeds. 

Multispeed motors are available in 
the standard NEMA design types, with 
speed-torque characteristics comparable to 
single-speed motors of similar design, Fig. 
3. Typical applications for multispeed 
motors are shown in Table 2. 


Dynamic Braking 


Multispeed motors are often used in 
operations where the regenerative-braking 
characteristic is desirable when trans- 
ferring from high to low-speed operation. 
One such application is in large batch- 
type exiractors (centrifugals). A typical 
motor has speeds of 1200/600 rpm. The 
motor usually starts on low speed with 
the extractor empty, and filling takes 
place during low-speed operation. At 
the conclusion of the high-speed spin, the 
motor is transferred to the low-speed con- 
nection and, being energized, functions as 
an induction generator, providing braking 
action. In the conclusion to the cycle, 
the motor is de-energized, and mechanical 
braking completes the stop. 

The decelerating time would be con- 
Siderable if a coast-to-stop were utilized, 
due to the high inertia of the system. 
Use of a two-speed motor not only in- 
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Fig. 3—Approximate motor speed-torque characteristics. Curves 
are for a two-speed, 1800/900 rpm motor. 


creases the number of cycles in a given 
period of time, but also provides starting 
conditions more favorable to the motor 
and to the process. An application of 
this type may require a motor of special 
design, depending on the demands of the 
particular duty cycle. 


Motor Control 


Controls for multispeed motors are nec- 
essarily more complicated and expensive 
than those for single-speed motors. Con- 
trol can be manual or automatic, and 
can be compelling or selective. 

In the case of compelling control, the 
motor starts at low speed, and by means 
of compelling relays, progresses through 
the intermediate speeds to the top speed. 
Compelling arrangements can also be 
used to provide controlled acceleration 
and limited inrush current. Where de- 
celeration is involved, time-delay devices 
can be provided to prevent application of 
power to a lower speed, while the motor 


is still rotating at a higher speed. The 
motor must be given sufficient time to 
slow down to approximately the lower 
speed before that winding or connection 
is energized. 

The motor can be designed to accept 
regeneration, should that feature be de- 
sirable, to assist in deceleration of the 
load. During acceleration, whether manu- 
ally or automatically controlled, the mo- 
tor must be permitted to attain approxi- 
mately rated speed for that particular 
connection before the next speed con- 
nection is energized. Likewise, on de- 
celeration, plugging to the next lower or, 
for that matter, any lower speed should 
be avoided. 

These precautions will minimize line 
disturbance, shock to motor and driven 
machine, and greatly extend equipment 
life. In applications where plugging must 
be used, both motor and control must be 
designed with these operating conditions 
in mind. These exceptions require spe- 
cial designs, with consequent higher costs. 





Machine tools 


Stokers 


Extractors 





Table 2—Typical Multispeed Motor Applications 


Variable Torque Constant Torque Constant Horsepower 
Fans Mixers Lathes 

Blowers Compressors (reciprocating) Drilis 
Centrifugal pumps Conveyors Punch presses 


Positive displacement blowers 
Laundry machinery 


Printing presses 
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CHAPTER 


Selection and application 


Gearmotors 








Gearmotors are basically parallel or right-angle 
gear reduction units combined with integral or 
fiange-mounted motors. The motor and gears are 
often incorporated in a unified housing and mount- 
ing base. 

The main advantage of gearmotors is that the 
driving shaft may be coupled directly to the driven 
shaft, thus eliminating external gearing, belts, pul- 
leys, chains, and countershafts. 

Gearmotors are classified according to horsepower, 
shaft orientation, gearing type and arrangement, 
and motor type and enclosure. 

Many typical «nd common applications of gear- 
motors have been listed in Standard Application 
Classification for gearmotors by the American Gear 
Manufacturers Association (AGMA). The classi- 
fication numbers I, II, and III are designated ac- 
cording to the nature of the load and duty cycle, 
and correspond to gearmotor service class numbers. 
Sufficient number of applications are covered to 


serve as a guide for the selection of gearmotors for 
most services. 

This chapter is divided into two sections: 1. Frac- 
tional-horsepower gearmotors. 2. Integral-horse- 
power gearmotors. Although selection procedure 
for gearmotors in both of these size ranges is basi- 
cally the same, certain selection factors are more 
important in one size range than they are in the 
other. For example, for very small light-duty ap- 
plications, the most important consideration might 
be economy or space requirements. Whereas, in 
large, heavy-duty applications, long service life is 
expected, and duty-cycle requirements might be the 
most important consideration. 

For fractional-horsepower gearmotors, particular 
attention is given to gear materials, catalog rating, 
service factors, severe loading conditions, and lubri- 
cation. For integral-horsepower gearmotors, mount- 
ings, ratios, and speeds, motor types, accessories, 
AGMA load classifications, and efficiency are em- 
phasized. 





Fractional-Horsepower Gearmotors 





ELECTION and application of small 

gearmotors is not difficult. Essentially, 
the characteristics of the various types 
of gearing, as well as the physical load 
and mounting limitations imposed by the 
gear-head design must be evaluated. 


Gearmotor Standards 


Although standards are published by 
NEMA and the American Gear Manu- 
facturers Association for integral-horse- 
power gearmotors, neither of these agen- 
cies publish standards specifically cover- 
ing fractional and subfractional gear- 
motors. The result has been a lack of 
agreement between manufacturers on out- 
put shaft speeds, mounting methods, etc. 
Basic motor standards and fine-pitch 
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gearing standards are often used in small 
gearmotor design and construction, but 
their use is not mandatory. 


Gearing 


Spur and helical gearing are usually 
applied in subfractional and instrument- 
type gearmotors below 1/150 hp. The high 
efficiency and small axial space required 
makes these types of gearing especially 
suited to low-power instrument motors, 
where space is often a problem. Another 
advantage is the high number of gear 
ratios available from a few basic gearing 
combinations. 

Spur gearing does not create axial thrust 
forces, is simple in construction, and is 


least expensive. Helical gearing often 
requires special construction to counter- 
act its inherent axial thrust. This disad- 
vantage is offset by a decrease in the 
noise level, resulting from more uniform 
pitch-line velocity and smoother transfer 
of load from tooth to tooth. Spur and 
helical gearing ratios are determined by 
the number of teeth on the gears, and 
the output speeds of synchronous gear- 
motors are exactly equal to the rotor speed 
divided by the gear ratio. 

Worm gearing is common to gearmotors 
above 1/150 hp where loads are higher 
and stronger gearing is required. Worm 
gearing is generally more compact than 
spur and helical gearing, in the higher re- 
ductions. The right-angle drive feature of 
worm gearing also permits its use in 
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Photo, courtesy Merkle-Korff Gear Co. 


Fig. 1—Skeleton type gearmotor with en- 
closed gearhead. 


many applications where in-line gear- 
motors of comparable strength cannot 
be used. Worm gearing has a sliding 
tooth action, while spur and helical gear- 
ing have basically rolling action. This 
sliding tooth action results in a very low 
noise level. Because of the tooth action 
involved, worm gearing is more difficult 
to lubricate and less efficient. Worm 
gearing is also more resistant to shock 
because teeth are under a crushing rather 
than cantilever load. 

Gear ratios above approximately 20:1 
for worm gearing may be “self-locking” 
in that external torque applied to the 
drive shaft wili not rotate the motor. 
This feature is an advantage in position- 
ing devices where load would normally 
run the motor backward when the power 
is shut off. When the gearmotor is de- 
energized while operating under high- 
inertia loads, extreme impact loads are 
applied to the gearing. This self-locking 
feature rapidly brakes the motor, while 
the load tends to continue to rotate. Thus, 
total load energy is absorbed by deflec- 
tion of a few gear teeth. Rotor friction, 
gearing helix angle, friction in the gear- 
ing, and load energy determine how 
Strong the braking action will be. In 
Severe cases, momentary power failure 
can cause complete destruction of the 
gear train. 

Gearing ratios for worm gearing de- 
pend on the worm lead and running 
pitch diameter and not on the number 
of teeth on the gear. Deviation from a 
theoretical ratio can be as much as 24 
per cent with small worm gearing cut 
to AGMA Commercial Class 3 tolerances. 
However, this deviation is always in the 
direction of increased ratio and can usu- 
ally be neglected. Less common gear 
types, such as planetary or epicycloid, are 
used mostly in high-volume applications 
where particular gear advantages out- 
weigh the additional tooling cost. 
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Gearhead Design 


Space is often at a premium in appli- 
cations which require small gearmotors. 
The gearhead and motor end bell often 
are combined in one casting, resulting 
in increased rigidity and minimum en- 
velope dimensions. 

Another design is the skeleton gear- 
motor, in which the gearing is supported 
by an open framework containing the 
necessary bearings. Gearing can be either 
spur, helical, or worm. 

Exposed gearing is used with open 
shaded-pole motors to provide a low-cost 
gearmotor suitable for high-volume in- 
termittent-duty applications, such as 
coin-operated machines, slide changers, 
and barbecue spits. Often, open shaded- 
pole motors are coupled to enclosed gear 
trains, thereby increasing service life, 
Fig. 1. 

Even when low torque is transmitted 
by a_ small gearhead, bearing loads can 
be quite high. Bearing in the smaller 
gearheads are usually porous or solid 
bronze. Antifriction bearings are used in 
larger units, or in gearheads designed to 
withstand overhung or thrust loads. 

Lubrication 

Oil provides the best combination of 
properties for lubrication and is often used 
in gearmotors larger than 1/10 hp for 
severe service. A large reserve supply and 
good circulation of oil in the gear housing 
provides long service life and minimum 
wear. Lubrication of gear-housing bear- 
ings is also improved by the use of oil. 

Despite its advantages, oil is not used 
in some gearmotors because of sealing 
problems. Smaller gearmotors do not have 
large gasket surfaces and may not have 
sufficient power to withstand the increased 
friction of a contact rotor seal, There- 
fore, grease is used as a compromise be- 
tween lubrication and leakage in most 


small gearmotors. A shorter service in- 
terval is necessary when grease is used 
primarily because of reduced lubricant cir- 
culation. 

Grease life depends directly on tem- 
perature, and a good rule of thumb is 
that life doubles for every 25 F decrease 
in temperature. Therefore, a gearmotor 
should always be placed in the coolest 
possible location. 

Distribution or circulation of gear-hous- 
ing lubricant presents a problem in gear- 
head design. Splash or special oiling gears 
are methods of distribution for effective 
oil lubrication. However, grease cannot 
be circulated in this manner and felt 
wicks are often used to remove oil from 
the grease and direct it to the bearings. 
In some cases, bearings are also exter- 
nally oil lubricated. 


Gear Materials 


Both metallic and nonmetallic gearing 
are used in small gearmotors. Small spur 
and helical gearheads may have both 
types in one gear train. A nonmetallic 
gear is often used in the first stage for 
quietness and a metallic gear in the 
other stages for strength. 

Nonmetallic gears carry steady loads 
under marginal conditions of lubrication, 
and wear life is usually satisfactory. Im- 
pact, shock, and overloads are not carried 
well by nonmetallic gearing. Metallic 
gearing, steel or bronze, is usually used 
in oil-lubricated gearheads. Worm gears 
are usually cut, then hardened and ground 
to provide gn accurate and smooth con- 
tact surface. 

Whenever possible, gearmotors should 
be mountéd horizontally. Mountings 
other than horizontal must be specified 
when ordering, because most gearmotors 
require either special sealing arrange- 
ments, or if oil lubricated, special loca- 
tion of drain, fill, and oil-level plugs. 
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DESIGN DATA 


Most manufacturers do not recommend 
vertical mounting of standard motors 
with the gearhead above motor because 
of the sealing problem. The gearmotor 
manufacturer should be contacted re- 
garding vertical mounting applications. 
Full information should be given on am- 
bient temperature, duty cycle, and load, 
since in many cases, a change from oil 
to grease lubrication is necessary. 


Catalog Rating 


The lack of definite standards for sub- 
fractional and fractional gearmotors is 
readily apparent when catalog torque 
ratings are compared. Identical reducers 
by different manufacturers show wide 
variance in torque ratings, because each 
manufacturer uses a different set of stand- 
ard rating conditions. Representative con- 
ditions for catalog ratings are: 

Load: Steady with no shock. 

Duty Cycle: Continuous, running eight 

hours per day. 

Ambient Temperature: Normal room 

(70 F). 

Under these conditions, the catalog 
torque rating is the highest value of 
output torque that will provide satisfac- 
tory life without loading the motor be- 
yond its full-load point. 

A load vs. life curve for a small worm 
gearhead with bronze gearing is shown 
in Fig. 2. This gearhead could be rated 
much higher, but only at a sacrifice of 
operating life. Exceeding rated torques 
with nonmetallic gearing is usually not 
possible, since rating is determined by 
gear strength, rather than wear life. 

Two different motor types, with the 
same gearhead and ratio, may have dif- 
ferent torque ratings. In the low ratios, 
especially below 50:1, output torque is 


limited by what the motor can produce. 
Thus, motors of different torque provide 
different gearhead outputs. For ratios 
above 200:1, gear strength is the limiting 
factor, and the catalog rating does not 
change between gearmotors that have 
different torques when they are coupled 
to identical gearheads. With very high 
ratios, extreme caution must be exercised 
to prevent load increase or lock. Torque 
multiplication is such that even a weak 
motor can overload the gearing resulting 
in premature failure. For high ratios, 
a higher-than-rated torque can be de- 
livered continuously, but only with a 
corresponding decrease in gear life. 


Application 


The characteristics of the load imposed 
by a given application must be known be- 
fore any meaningful measurements can 
be taken. Seldom is there an applica- 
tion in which the load is constant from 
start to fullload speed. A load that in- 
creases with speed should be measured 
at the highest operating speed. Conversely, 
a load that decreases with speed should 
be measured at the slowest operating speed. 

Measurements of required torque can 
be made by torque arm or pulley for start- 
ing or very low speeds. The required 
torque at high speed can be determined 
by inserting a trial gearmotor, in the 
application. Voltage applied to the trial 
gearmotor is increased or decreased until 
the load can barely be maintained at 
operating speed. The gearmotor is then 
subjected to a load test at test voltage 
to find the output torque required. 

In all cases, starting torque and run- 
ning torque should be measured, and 
both values should be within the cata- 


log torque rating. Starting and running 


torque must be considered separately be- 


cause starting characteristics of the mo- — 


tor and gearing differ. 

Nearly all gearmotors have greater 
starting torque than full-load torque, 
Conventional shaded-pole motors are the 
exception. In applications requiring high 
“breakaway” torque, this type motor may 
not be capable of starting the load. How- 
ever, shaded-pole motors have been de- 
veloped that produce starting torques 
greater than full-load torques. 

Gear friction is at a maximum at the 
instant of starting, and with worm gear- 
ing, a drop in gear torque multiplication 
can be as high as 15 per cent. Therefore, 
a motor starting torque of 115 per cent 





Application Factors for 
Small Gearmotors 


1. Select gearmotor as early in 
equipment design as possible. 

2. Select a standard gearmotor if 
possible, keeping in mind the 
possible benefits to be gained 
from modifications. 

3. For large quantities or unusual 
conditions, call in the gearmotor 
representative. 

4. Design for horizontal mounting 
whenever possible. 

5. Mount the gearmotor in the 
coolest location, and provide ade- 
quate ventilation. 

6. P ~*@ ready access to the gear- 
mo. a necessary inspection 
OF Méu..cenance. 














Driving force 
Fig. 3—Effect of loads on 
life of small worm gear- 
head, with bronze gear- 
ing. Driving force = Difference in belt tension Torque 
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15——GEARMOTORS 





Fig. 4—Normal-duty gearmotor. 


Table 1—Service Factors 











Rating—— 

Type of Load 8 hrday 24 hr day 
Uniform steady 1.0 15 
Light shock 1.5 2.0 
Moderate shock 2.0 25 
Heavy shock 2.5 3.0 


of full-load torque develops only rated 
torque under starting conditions. 

Inertia is present in any load, and the 
higher the inertia, the longer the time 
required to accelerate the load to op- 
erating speed. Split-phase and capacitor- 
start motors must be allowed to accelerate 
rapidly, so that the centrifugal switch can 
open before starting-winding damage oc- 
curs. 

Applications with high inertia values 
may require some means to limit over- 
travel or coasting when the gearmotor is 
de-energized. Dynamic braking is often 
used to provide this braking action. How- 
ever, the gearing must not be ove-loaded. 
Any application involving braking of 
high-inertia loads must be analyzed and 
full data on the amount of inertia must 
be supplied to the manufacturer. This 
problem is especially critical with self- 
locking worm gearing. 

Driving the gearmotor against a solid 
stop applies a very severe shock load. This 
condition should be avoided if at all pos- 
sible. Usually, a limit switch can be in- 
stalled to de-energize the motor before 
mechanical contact is made. 


Overhung or Thrust Loads 


Overhung or thrust loads are applied 
to the reducer-output shaft in every ap- 
plication where a flexible coupling is 
not used. The magnitude of these loads 
is shown in Fig. 3. The torque value 
used in computing the overhung load 
Should be torque at normal operating 
Speed. 

Overhung and thrust-load capacity of 
@ reducer decreases as actual torque de- 
livered increases. This reduction in ca- 
pacity results from internal forces caused 
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by the gear reaction. With small gear- 
heads, reducer bearings can be fully loaded 
by the gear reactions resulting from rated 
torque. Under these conditions, no addi- 
tional load may be placed on the output 
shaft if the application requires rated 
torque, and a flexible-coupling drive is 
necessary. 

Catalog values of allowable overhung 
loads are calculated by assuming the 
worst possible conditions. Larger actual 
external loads may be allowable, but the 
gearmotor manufacturer should be con- 
sulted. 

Applications that require devices, such 
as cams or switches, on the output shaft 
can cause very high overhung loads. But 
they can have very low torque require- 
ments. Such loads are readily measured. 


Service Factors 


Service factors are correction factors 
which compensate for nonstandard con- 
ditions and refer to torque and over- 
hung and thrust-load ratings. Typical 
service factors are shown in Table 1. In 
determining the proper service factor, 
loads must be categorized as light, mod- 
erate, or heavy shock. The highest value 
of the steady load is multiplied by the 
service factor to find the equivalent load 
for which the gearhead must have suf- 
ficient capacity. 

When the load requirements of an ap- 
plication are known, selection of the 
proper gearmotor can often be made 
from the manufacturer’s catalog. However, 
when unusual problems exist, the gear- 
motor manufacturer should be consulted. 
Loads with high inertia often require 
cycling of a sample motor as a check 
of suitability. 


Severe Loading Conditions 


Some manufacturers make both nor- 
mal-duty and heavy-duty gearmotors, Fig. 
4 and 5. Sometimes the heavy-duty gear- 
motor may be a combination of a motor 
with the next larger size gearhead. A 
heavy-duty reducer is frequently neces- 
sary when shock loading is present, par- 
ticularly with ratios where a relatively 


Fig. 5—Heavy-duty gearmotor. 


low-powered motor can provide a large 
amount of output torque. Another com- 
mon use of the heavy-duty reducer is in 
applications having high overhung or 
thrust loads. 

Thermal-overload protectors are widely 
used to prevent motor burnouts caused 
by stalling or overload. However, because 
of the time delay in these devices, they 
do not provide similar protection to the 
gearing, and they should not be consid- 
ered as gearing protectors. 

Slip clutches can be used to protect the 
gearing from momentary loads. Some 
types apply repetitive impact loads be- 
cause of their releasing action and care 
is necessary in their application. Clutches 
should be set to provide only as much 
torque as required and, in any event, 
not more than the gearmotor rating. 

If the overhung or thrust load is greater 
than gearhead capability, external sup- 
port bearings are usually necessary. Spe- 
cial reducer bearings are sometimes eco- 
nomical, but only for large quantity ap- 
plications. Use of a single external bear- 
ing to support the extended end of the 
output shaft is not recommended because 
a slight amount of misalignment in the 
external bearing can cause extreme load- 
ing of the gearhead bearings and possible 
bending failure of the output shaft. 


Classification 


Most manufacturers of small gearmotors 
have two classes of production motors 
which can be defined as follows: 

Standard: Common high-volume cata- 
log gearmotor, possibly available from 
stock. If not stocked, the units can be 
built to order, but a minimum quantity 
may be required and manufacturer’s lead 
time must be allowed. It is usually to a 
customer’s advantage to purchase gear- 
motors in this category, especially if quan- 
tities required are low. 

Special: AH gearmotors with nonstand- 
ard gear ratios, electrical characteristics, 
shaft extension, etc. Lead time must be 
allowed, and extra processing such as 
electroplating or heat treatment may in- 
crease the lead time. 
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Integral-Horsepower Gearmotors 





4. R. BURNETT 


Product Engineer, Reliance Electric and Engineering Co., Dayton, Ohio 


NTEGRAL-HORSEPOWER gearmotors 

are manufactured in two basic ar- 
rangements, parallel shaft and _ right- 
angle shaft. Each is available in many 
sizes, mounting arrangements, and gear 
ratios. Of the two types, parallel-shaft 
gearmotors range more widely in size, 
from subfractional to 150 hp. Right- 
angle gearmotors are available from sub- 
fractional to 40 hp. 

While both parallel and right-angle 
gearmotors are used to reduce speed and 
multiply torque, they differ in gear ar- 
rangement and application. Each type can 
be classified according to: 1. Gear types. 
2. Gear and shaft arrangement. 3. Gear 
ratios. Typical integral-horsepower gear- 


motors are shown in Fig. 1. 


Parallel-Shaft Gearmotors 


Gear Types: Gears used in parallel- 
shaft gearmotors are spur, helical, or her- 
ringbone. Helical gears are the most com- 
mon. 

Spur gears are used primarily in slow- 
speed stages where accuracy and noise 
are less critical. Also, spur gears do not 
impose any axial thrust on the bearings. 
This feature is an advantage for trans- 
mission of the high torque usually asso- 
ciated with slow-speed stages. 

Herringbone gears are used in some 
parallel-shaft gearmotors in the high- 
speed stages. Like spur gears, they do 
not impose thrust loads on the bearings. 
When herringbone gears are used in the 
first stage, and the pinion is mounted on 
the motor shaft, there will be no thrust 
on the motor shaft. Also, this type of 
mounting permits the apex of the pin- 
ion to align itself with that of the mat- 
ing gear. 

When the apex of a herringbone gear 
is removed, it can be shaved for greater 
accuracy and quietness. This operation 
is usually performed on the driven gear 
rather than on the pinion; the pinion 
retains the greater strength of the true 
herringbone tooth. With the apex re- 
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moved, the herringbone gear is essen- 
tially a double-helical gear. In herring- 
bone gears continuity of tooth action is 
better than in spur gears because of 
tooth “overlap,” and strength also is 
greater. In this respect they are like 
helical gears. 

Parallel-shaft gearmotors usually have 
helical gears because they are more eco- 
nomical than herringbone, can be made 
more accurately, and are, therefore, gen- 
erally quieter. Unlike spur and herring- 
bone gears, helical gears impose an ap- 
preciable thrust load on the gear shaft 
bearings. These thrust loads must be con- 
sidered when external radial and thrust 
loads are present. 


Gear and Shaft Arrangement: Gears and 
shafts car. be arranged with the output 
shaft either in line or offset from the 
motor shaft axis. For a single-stage par- 
allel-shaft gearmotor, economy dictates an 
offset shaft design, which may be mo- 
tor-mounted. With this construction, it is 
usually possible to rotate the gear case 
in 90-degree steps to provide greater con- 
venience in mounting. Single-stage par- 
allel gearmotors are also available with 
the mounting on the gear case and the 
motor overhung. With a multiple-stage 


reduction, an in-line construction can be 
provided in either of two ways. The in- 
termediate gear shafts can be so located 
that the output shaft is brought back to 
the motor centerline. Or a special arrange- 
ment, such as planetary reduction, can 
be used. Both arrangements are available 
but the planetary reduction is less popu- 
lar. 


Gear Ratios: Parallel-shaft gearmotors 
are also classified by gear ratio. To pro- 
vide an assortment of output speeds over 
a wide range, with a minimum assortment 
of individual gears, certain practices with 
respect to ratios have been developed for 
each stage. First-stage ratios are stepped 
from 1:1 to a maximum of 5:1 or él. 
Four or five second-stage ratios, with a 
maximum of 5:1 (6:1 in some of the 
smaller ratings) are usually provided. 
Third stages are usually built with a 
single ratio of approximately 4:1. When 
more than three stages are used, the sub- 
sequent stages, too, are generally limited 
to a single ratio. Output speeds different 
from those possible with the wide as- 
sortment of gear ratios are provided by 
some manufacturers through slow-speed 
motors. 

Where planetary gears are used, several 





Table 1—Parallel-Shaft Gearmotor Service Classes 








SERVICE 
CLASS DEFINITION FACTOR 
I For steady loads not exceeding normal rating of 1.00 
: motor and 8 hr per day service. Moderate shock 
; loads where service is intermittent. 
' Il For steady loads not exceeding normal ra of 1.40 
motor and 24 hr per day service. Moderate 
loads for 8 hr per day. 


II For moderate shock loads for 24 hr per day. 2.00 
Heavy shock loads 8 hr per day. 








Reference: AGMA Standard 460.03. 
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Single reduction, parallel shaft 








Single reduction, right-angle shaft 


Multiple reduction, right-angle shaft 








Fig. 1—Typical integral-horsepower gearmotors. 





Table 2—Service Factors for Right-Angle 





Reference: AGMA Standard 440.03. 





Gearmotors 

Moderate Heavy 
Service Uniform Shock Shock 
Infrequent Starting 
(less than 10 starts per hr) 
Occasional, % hr per day 0.80 0.90 1.00 
Intermittent, 2 hr per day 0.90 1.00 1.3% 
10 hr per day 1.00 1.25 1.50 
24 br per day 1.25 1.50 1.75 
Frequent Starting 
(more than 10 starts per hr) 
Occasional, % hr per day 0.90 1.00 1.25 
Intermittent, 2 hr per day 1.00 1.25 1.50 
10 hr per day 1.25 1.50 1.75 
24 br per day 1.50 1.75 2.00 














Table 3—Parallel Gearmotor Nominal Ratios 


and Output Speeds* 








Nominal Output 
Gear Speed 
Ratio (rpm) 
1.225 1430 
1.500 1170 
1.837 950 
2.250 7380 
2.756 640 
3.375 520 
4.134 420 
5.062 350 
6.200 280 
7.594 230 
9.300 190 

11.390 155 
13.950 125 
17.086 100 
20.926 84 








*Based on assumed operating speed of 1750 rpm. : 








Reference: NEMA Standard MG 1-6.12. 


Nominal Output 
Gear Speed 
Ratio (rpm) 
25.628 68.0 
31.388 56.0 
38.442 45.0 
47.082 37.0 
57.633 30.0 
70.623 25.0 
86.495 20.0 
105.934 16.5 
129.742 13.5 
158.900 11.0 
194.612 9.0 
238.350 7.5 
291.917 6.0 
357.525 5.0 
437.875 4.0 
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Fig. 2—Variation of allowable intensity of shock with frequency and duration of 


peak loads. 


available arrangements provide speeds 
ranging downward from 520 rpm. These 
arrangements include planetary stages in 
tandem, or a compound planetary reduc- 
tion. Some designs consist of combina- 
tions of conventional parallel-shaft gear 
stages in the first and second stage with 
a planetary final stage. The second or 
intermediate stage may be a dual-shaft 
helical stage which divides the load be- 
tween the two intermediate shafts, gears 
and bearings. 

Where extremely low speeds are re- 
quired, special combinations can be built. 
These may be any of the multispeed ar- 
rangements mentioned in combination 
with a slow-speed motor, or special com- 
binations such as a conventional two- 
stage gearmotor with a three-stage re- 
ducer. 

Another method of providing extremely 
low speeds is to use right-angle worm 
stages which take advantage of the high 
ratios obtainable with this type of gear- 
ing. Where extremely low speeds are nec- 
essary, it is usually not possible to pro- 
vide an output shaft parallel with the 
motor shaft, unless a differential gear 
reducer is used. 
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Right-Angle Gearmotors 


In some cases, it is desirable to have 
the output shaft at right angles to the 
motor axis. This is of particular advan- 
tage where a vertical output shaft is nec- 
essary. Several types of gears are avail- 
able which provide for a right-angle out- 
put shaft. 


Gear Types: By far the most common 
type of right-angle system is the con- 
ventional worm and worm gear. This type 
of gearing permits high ratios of reduc- 
tion, from 6:1 to 72:1, in a single stage. 
Therefore, for high ratios it will prob- 
ably occupy less space than a_ parallel- 
shaft gearmotor of the same input rat- 
ing. Because worm and gear action in- 
volves sliding contact, wear is an im- 
portant consideration in the gear rating. 

Other types of gears in common use 
with right-angle gearmotors are helical, 
spiral bevel, and Spiroid. Helical or spiral- 
bevel gears are generally used for low 
ratios, ard may be considered a special 
type of worm gear. Their efficiency is 
reasonably good, but their load capacity 
is limited. Spiral-bevel gears are some- 
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times used in the final stage of a two 
or three-stage parallei-shaft gearmotor to 
provide an output shaft at right angles 
to the motor axis. Here, ratio is usually 
1:1. When constructed with a shaft ver. 
tical and provided with a “dry-well,” this 
combination makes a good agitator drive, 

Spiroid gearing, a recent development, 
provides high-reduction with good effi- 
ciency. While it has not supplanted other 
types of right-angle gears for standard 
gearmotors, it is used in certain special 
applications. 


Worm Stages: Gearmotors using two 
worm stages are available where very low 
output speeds are needed. Since the torque 
multiplication possible with two worm 
stages can be very great, strength of me 
chanical parts must be checked carefully, 
Common practice by manufacturers is to 
specify the safe maximum torque limit, 
and suggest the use of a torque-limiting 
device to protect the gearmotor against 
damage from an accidental stall. The low 
efficiency of the double-worm gearmotor 
is usually no handicap because of the 
torque multiplication possible. Except for 
spiral-bevel gears, which are limited to 
low ratios, strength, efficiency, and torque 
limitations must be carefully considered 
when applying two-stage right-angle gear- 
motors. 


Combination Gearmotors 


Most manufacturers of worm gearmo- 
tors offer combinations of parallel-shaft 
and worm stages to improve efficiencies 
at low speeds. Practice differs in the ar- 
rangement of the stages. Some manufac- 
turers prefer to place the worm stage next 
to the motor, and use the parallel stage 
as the output stage. Others prefer the 
reverse arrangement with the parallel stage 
ahead of the worm stage. 

With the worm first, efficiency is usu- 
ally higher. The worm and worm gear, 
and the space required, are smaller. Also, 
this construction withstands shock loads 
better because the final-stage gears are 
steel on steel whereas the contact is steel 
on bronze for worm and worm gear. When 
the order is reversed and the parallel stage 
is placed next to the motor, the parallel 
stage will be smaller. But the worm stage, 
which determines the total envelope size, 
will be considerably larger. Unless made 
very large, a worm gear in the output 
stage may impose torque limits not pres- 
ent when the parallel stage is last. 

Spiral-bevel gears, when used in com- 
bination with parallel gears, are normally 
placed at the output stage. This con- 
struction provides a high efficiency right- 
angle drive with a vertical shaft suitable 
for large agitators. The cost of this gear- 
motor is likely to be higher than other 
types of right-angle gearmotors. 
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Table 4—Service Classifications for Typical Gearmotor Applications 
Application (8-10) (24) Application (8-10) (24) Application (8-10) (24) Application (8-10) (24) 
Agitators Dredges (Continued) Geeta aay Paper Mills (Cont.) 
Pure Liquids ........ I II Maneuvering Winches II eose ntinued) 
Liquids and Solids... IZ IZ Pumps ........ss0++ II II  ‘Tipple Hoist Suction Roll ........, il 
uids—Variable Screen Drive ....... III III ONVEYOT «..+..++44 x. 0. eee tT 
MOT btanasecensss UR gee es ae It 11  Tipple Hoist Drive.. II II = saignagrig iv praaares i 
*Semi-Liquids ........ II II Utility Winches ...... 11 Transfer Conveyor, III IIT Winders «--++0-+++++s 
Blowers Sines mee gy wtacee “ oa Printing Presses... I II 
Centrifugal .......... é. a Bucket—Uniform Trimmer Feed ...... II II Pullers 
BIRO wccecsscccornesons Lt Poe I II Waste Conveyor..... II TE. cee Stent Ir II 
WOMO ccccccccccsccccces I II Bucket—Heavy Load II II TEC TAU «.+0eseeee 
Brewing & Distilling Bucket—Continuous.. I II Machine Tools 
Bottling Machinery.. I II Centrifugal— ee 
ie Sentinn—Com- Discharge ......... aon II Bending Roll......... odin Ir Centrifugal .......... I II 
jesous Duty a 11 Escalators ......+.+. I I Pilate Planer ........ III 111 Proportioning ....... Ir II 
S IES. ciscnoicuncace II II Punch Press—Gear Reciprocating Single 
Cookers—Continu Gravity Dis Driven .....cs.0000 III III Acting 3 or more 
ous Duty ........... II y charge... I II Cylinders I Il 
Mash Tubs—Con- Service Hand Lift... III Tapping Machines... III ges hag 
tinuous Duty ...... II Other Mechine Tools Double Acting 2 or 
Scale Hopper Fans Main Drives ....... II more Cylinders ... II II 
Frequent Starts... II If Centrifugal .......... 7 pp Anyone... To 7 eee So 
Can Filling Machines I II Cooling Towers Lobe, Vane ........ I It 
Cane Knives ........ Il II Induced Draft ..... II II Metal Mills 
Car Dampers III Induced Draft ...... II II Rubber Industry 
sii Large (Mine, etc.).. II 11 Draw-Bench- GNOE «.ccccscntsecveees Ban: EEE 
Car Pullers .......-- I cose Pe Carriage ........+. Itl Ill 
Large Industrial .. II II Rubber Calender.... If I 
Clarifiers .........++- I II Draw-Bench-Main 
fescifiers 1 060 Téght (Small Diam)... I II AR: cio oukivecces II 11r Rubber Mill (@ or 
sseeeecees Forming Machines .. 111 III GUOROD.. cecacccnccceds a5 II 
Clay Working Feeders Slitters Il tr Sheeter ....++..++005 II II 
Machinery re “hee —~9 poate Lk I ip ae - 3 Table Conveyors . Tubers and Strainers II II 
Brick Press ........ ER: Reccecessccescesce on-Reversing .... II 
Briquette Machine .. III III BORD. sceccocciscovssese I II Reversing .......... eve se Sewage Disposal Equipment 
Clay Working Reciprocating ....... III III Wire Drawing & Bar Screens ........ i II 
Machinery ......+++. II II RT OIE II II Flattening Machine II II Chemical Feeders .. I II 
PME <oscsesscceess ee, Wire Winding Machine II ee a rae 
a or Straightline..... 
—-—oconanenaal Beet Slicer .......... II II _ Mills Rotary Type Dewatering Screens II II 
Centrifugal ........-. I It Cereal Cooker ...... I II sn Grit Collectors ..... I II 
TADO c.ccccccccccceees II IZ ough Mixer ........ Il Il Ball ....++seseeeveees III III Scum Breakers...... 1 iI 
sae hy nw - II Meat Grinders ...... II II Dryers & Coolers.. II II Slow or Rapid Mixers ITI II 
te —— scene ~ a " ; nine anosdenessecedede II II Sludge Collectors .. I II 
s ylinder ...... enerators— PORED icc acsccncecccc Iit III Thickeners .......ss« II II 
Conveyors—Uniformly (Not Welding)....... I II ROD ..-.seeeeeeeereeees Ill III vacuum Filters ..... II II 
Loaded or Fed Metener Mie ....... Ill Ill Tumbling Barrels... III III a 
Apron pesdccneccaséate I II Laundry Washers Misore 
Assembly ........-++- I II R , I I Air Washing ......... I II 
errr I II sats Cea ahd Yoncrete—Continuous II II Rotary—Stone or 
MED” Svcogbakeases I Il Laundry Tumblers... II II Concrete— Gravel ......+++000 II 1” 
MEE «cb nce gbteenvess I II Intermittent ....... I ease Traveling Water 
mR RAR : 1: fae sat re or Constant Density... I II TROONG  siccvenccseses I II 
: eavy Load.......... Variable Density.... II II 
— eccebabenevetna® : Maliieets teat ..... Il Il Slab Pushers ........ II II 
= ips Kee ES Uniform Load ...... I II 
Rewvever—Heavy Baty Of] Industry Steering Gear ....... II II 
Not Uniformly Fed Lumber Industry CHMBOPE  oecosssceccces II II iin ri ee aa I II 
Agron E II II Barkers-Hydraulic- Paraffin Filter Press II II ; 
ian... oe If yank” Gama S 4 Rotary Kilns ........ II II Textile Industry 
DT Sieedbdvedcusasesee II II Chain Saw and po Batch 
IN. x sidecases cate ae iti ovanenkabiovated ‘nt mr Peer Mls ae re Ee 
seecbuvbats I II 
Chain ............s000- II II Chain Transfer Ill Iit Agitators (Mixes)... ITI II Card Machines ...... II II 
EME ccccccccccccocees II II Craneway Transfer. III III Barker Auxiliaries Cloth Finishing = 
Live Roll (Package) I II De-Barking Drum... III III Hydraulic .......... IIt Machines (Washers, 
Moca dres eink, acs II I Edger Feed ......... 11 1 Barker Mechanical.. .... III Pads, Tenters, Dry- 
Reciprocating ....... III III Gang Feed .......... II 11 Barking Drum ...... mr It ers, Calenders, ete.) II II 
TE osc cckee cna II II Green Chain ........ II Ir Beater & Pulpers.. EE | DER CORE cstesensess a 
BRR III III Live Rolls ........... III 111 Bleacher ............. aT, SEROEM evs soscubed zmeuH 
a 2 mats Log Deck ........++ Ir rr Calenders ........... 1y Dyck Mictery... Tt 0 
ets Log Haul—Incline... III III proms ig =~ 5 Ae Int Leona Porpunanciapns a = 
Main Log Haul—Well onverting chines, § * Mangles .............. 
Heavy Duty ....... III III Se tia ~ yP III III except Cutters, DOE. kacccesiacsts II II 
Medium Duty ...... 11 «t es Turning Device III III Platers ...........:. i. pede m I 
Reversing ..........-- 11 «Ir Main Log Conveyor III III Conveyors ........ 33 nee (Stee 
Off Bearing Rolls... II II oach ....... BER. EWE ---ser0 hee. 
Skip SD ocesecnces II II is ORE  canckbbansegesee II SR Ee II II 
*"Bridge-Drive ....... 11 sr Planer Feed Chains II II utters, Platers .. III Soapers us 
T Planer Floor Chains II 52! aii en is eS | ee. weroned er 
rolley Drive ...... II II Cylinders ............ II Spinners II I 
Hs Planer Tilting Hoist II II  pryers EE ne me, Beets - 
rushers Re-Saw Merry-Go- aie... Tenter Frames ..... II II 
BIS, Siivssecckivere ro 6 ae 8 Round Conveyor... IX If bet wae TI Washers ......+000++. 5i..- 
SE ibseirs easier III III Roll Cases .......... a. ce See TTT _ Winders (other than 
Rentecs Slab Conveyor ....... III III Bi Merasenteucece aba WOE ‘seesvebse rt mu 
s Log Haul ............ III . Yarn Preparatory 
mall Waste Machin Card 
Cable Reels ......... <a —Bel I PRGORE: cicsosdvaseee II es (Vards, 
c Conveyor—Belt.... II Spinners, shers. 
onveyors ........... II II gman Waste Pulp Machines ...... II CURD Sedation susie os Ses ae 
Cutter Head Drives III III Conveyor—Chain... II II GHEE. nbSesededectnscece II 
Jig Drives ........... Ill III Sorting Table ....... II II Stock Chests ........ II Windlass ......-..005- II II 
*Classes listed are minimum, and normal conditions are assumed. 
Reference: AGMA Standard 462.01. 
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DESIGN DATA 
Special Gearmotors 


In addition to standard gearmotors, 
many special types are available either 
as industry specials or definite-purpose 
designs. In the food industry, and par- 
ticularly in the dairy industry, oil leak- 
age is a problem. To meet this problem, 
gearmotors with special gear materials 
which require only “wiped-on” lubri- 
cants are available. Another solution, par- 
ticularly for larger sizes, is the “dry-well” 
construction where a pump is used to 
circulate the lubricant. 

Right-angle gearmotors with hollow 
output shafts are available for mounting 
directly on the driven shaft. These are 
ideal for driving individual rolls on run- 
out tabl-> and as space-saving drives for 
belt cor « ors and bridge drives for over- 
head cranes, They are built with torque 
arms or for flange mounting. 

Several designs are available for driv- 
ing agitators. These vary from vertical- 
shaft right-angle gearmotors with special 
bearings to handle the long agitator shaft, 
to vertical parallel-shaft gearmotors with 
a special output shaft equipped to change 
output speed. They are provided with a 
dry-well and are pump lubricated to elimi- 
nate oil leakage. Also, special bearings are 
provided to withstand the whip of the 
long agitator shaft. 

Other special gearmotors have gears on 
both ends of the motor, clutches to dis- 
engage the output shaft, or multiple 
output shafts with multispeed transmis- 
sions. 

Mountings 


Horizontal shaft: In both parallel and 
right-angle types, horizontal-shaft mount- 
ings are the most commonly used for 
all sizes. Some single-stage parallel and 
right-angle gearmotors are available with 
overhung gear cases, the supports being 
on the motor frame only. Where heavy 
loads must be supported, strength of the 
mounting must be checked carefully. 
Common practice is to provide the mount- 
ing feet on the gear case, and overhang 
the motor. When the mounting is entire- 
ly on the gear case and a heavy accessory 
is mounted on the end of the motor, the 
additional weight may require mounting 
modification. Each manufacturer lists the 
maximum angle at which a given hori- 
zontal-shaft gearmotor may be mounted 
without modification. 


Vertical shaft: Vertical gearmotors are 
made for either side-wall mounting, with 
shaft up or down, or flange mounting. 
There is considerable difference between 
a gearmotor made for horizontal-shaft 
operation and one for vertical-shaft op- 
eration, particularly for parallel-shaft 
gearmotors. These differences are mainly 
in the method of lubricating the gears 
and bearings which adds to the cost of 
vertical units. The cost of a_vertical- 
shaft right-angle gearmotor is only slightly 
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higher than that of an equivalent hori- 


zontal unit. 


Flange Mounting: In addition to the 
flanges listed as “standard” by manu- 
facturers, special flanges can be supplied 
to meet special conditions. For some sizes, 
flanges with NEMA C-face dimensions are 
available. 


Scoop Mounting: The scoop-mounted 
gearmotor is essentially a reducer with 
an integral motor mounting base which 
accommodates any motor of appropriate 
size with NEMA standard mounting di- 
mensions. When purchased as a complete 
gearmotor it includes the reducer, motor, 
coupling, and assembly components. In 
large manufacturing plants where many 
gearmotors are used on production equip- 
ment, economy dictates that the size of 
the spare motor stock be as low as pos- 
sible. Because the scoop-mounted gear- 
motor accommodates standard  foot- 
mounted motors, it is ideally suited for 
those applications. 


Floating Worm: Floating-worm gear- 
motors have hollow output shafts which 
permit direct mounting on the driven 
shaft by keying. Torque reaction is taken 
by a torque arm which incorporates a 
shock absorber to protect the gearmotor 
from damage caused by load shock and 
shaft misalignment. This feature is es- 
sential for roll and run-out table drives. 

A variation of the floating-worm hol- 
low-shaft construction has a flange 
mounting or a conventional base mount- 
ing instead of the torque arm. This type 
of mounting is suitable for crane-bridge 
drives, agitators, and mixers. 


Special Mountings: Occasionally, an ap- 
plication involves rotating a gearmotor 
about some axis or tilting it periodically. 
Then, different sealing and venting ar- 
rangements may be needed. Also, a spe- 
cial flange mounting may be used. Most 
gearmotor manufacturers can and do make 
modifications to their standard gearmo- 
tors for this purpose. The cost for the 
special mountings, which include modi- 
fied castings, additional oil seals, and 
special lubrication systems, is not pro- 
hibitive. 


Service and Rating Factors 


Service classes of gearmotors have been 
established to define the character of the 
load a gearmotor is required to drive, 
and the number of hours per day that the 
gearmotor operates. These classes are 
listed as standards by the American Gear 
Manufacturers Association (AGMA) and 
are slightly different for parallel and 
right-angle gearmotors. Service classes for 
each type are given in Table 1. 

Service factors for right-angle gear- 
motors using at least one stage of worm 
reduction are given in Table 2. These 
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factors have been established for reducers — 


with electric motor prime movers (AGMA 
440.03). 

Thermal capacity is determined by 
test. This is not too important for par- 
allel-shaft gearmotors because of their 
high efficiency. However, thermal capacity 
is an important consideration when worm 
gears are used. A low thermal capacity 
may limit the maximum continuous horse- 
power that can be delivered without 


auxiliary cooling. 


Ratios and Speeds 


NEMA . standard MGI1-6.12 defines 
standard output speeds and nominal ra- 
tios for parallel gearmotors based on 
1750 rpm input speed. These standards 
are given in Table 3. The output speeds 
may be modified by: 1. Variation in in- 
dividual motor speeds from the nominal 
operating speed of 1750 rpm. 2. Varia- 
tion in gear ratio from nominal, if the 
variation does not change output speed 
by more than +3 per cent. 

The same list of output speeds may be 
applied to 25 or 50-cycle gearmotors for 
1500-rpm synchronous speed, if an as- 
sumed motor operating speed of 1430 
rpm is used. The list of output speeds 
may be applied to 60-cycle gearmotors 
for 1200 rpm synchronous speed, if an 
assumed motor operating speed of 1165 
rpm is used. 

In addition to the standard speed speci- 
fied for parallel-shaft gearmotors some 
manufacturers provide gearmotors with 
speeds which meet output speed require- 
ments more exactly, Also, by special con- 
struction involving bearing and gear 
changes, higher output speeds up to ap- 
proximately 7000 rpm can be provided. 

Most parallel-shaft gearmotor applica- 
tions are classified by service according 
to 8 or 24 hr per day operation. Service 
classes for typical applications are given 
in Table 4. No similar list is available 
for right-angle worm gearmotors, but an 
equivalent service factor can be obtained 
by comparing the service factors listed 
in Tables 1 and 2. The service factor 
then becomes a divisor applied to the 
normal gearmotor rating based on non- 
shock, infrequent starting, 8 to 10 hr per 
day operation corresponding to Class I 
service. 

Some applications involve special duty 
cycles such as frequent starting, reversing, 
brake stopping, overhauling, or high iner- 
tia loads. These applications require spe- 
cial consideration. Peak-load curves, are 
used to assist in determining the service 
class, Fig. 2. The maximum motor torque 
and brake torque values are used to de 
termine the magnitude of the shock load. 
For full-load reversing, plugging, or over- 
hauling loads, it is best to refer the prob- 
lem to the manufacturer, giving the fre- 
quency of reversals and the WK? value 
of the load. 
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In general, gearmotors are rated the 
same as separate gear sets and separate 
reducers. Strength and durability of the 
gears are evaluated according to best de- 


sign. 
Motor Types 


Catalog listings of gearmotors are based 
on the use of NEMA Design B, normal- 
torque squirrel-cage induction motors. Spe- 
cial motors for intermittent-duty crane and 
hoist, Class II service gearmotors are some- 
times included. Other types of motors 
which are available include high-slip 
punch press, wound rotor, synchronous, 
high torque, and stalled torque. Single- 
phase and odd-frequency motors may also 
be listed. Gear case capacity is an im- 
portant consideration when applying 
stalled-torque motors, and they should not 
be used with worm gears. 

Multispeed gearmotors have different 
gear ratings for each of the torque classes. 
Gear selection for variable torque and 
constant-torque motors is based on horse- 
power at high speed. Gear selection for 
constant-horsepower motors is based on 
the horsepower at low speed. 


Accessories 


Integral-gearmotor performance is some- 
times improved by accessories or by spe- 
cial construction. 


Brakes: Several types of mechanical 
brakes are in use. Disc and shoe-type 
brakes are spring set, and electrically re- 
leased. The disc type is generally built 
integral with the motor or can be mounted 
on a NEMA C-face end shield. The shoe 
type, largely used on crane applications, 
is usually mounted separately. One type 
of de mechanical brake is electrically set 
and spring released. 

When selecting brakes for gearmotor 
applications, the torque rating on the 
brake must be compared with the maxi- 
mum torque the motor will develop. Gear 
selection must be based on the highest 
value, since this is a measure of the 
Stresses induced in the gear teeth. Fre- 
quency of operation, along with the mag- 
nitude of the torque rating, determines the 
service class of the gears. 

Other methods of stopping motors may 
be used instead of mechanical brakes. 
Some of these are plug stopping with a 
zero speed switch, dc braking, and ac 
dynamic braking. Again, brake torque and 
frequency of operation determine gear 
selection. 


Hydraulic Couplings: When a hydraulic 
coupling is used it is interposed between 
the motor and the input gear. These cou- 
plings cushion the start of high-inertia 
loads. The combination of a normal- 
torque motor and a hydraulic coupling 
approximates the controlled start obtained 


with a wound-rotor motor, but at a lower 
total cost. Selection. of gears for hydrau- 
lically coupled motors is determined by 
the torque transmitted during the ac- 
celerating period, and the accelerating 
time. Gearmotors with hydraulic cou- 
plings are generally specified for Class 
II or Class III service. When brakes are 
used in combination with hydraulic cou- 
plings they must be positioned on the 
load side of the coupling. 


Back-Stops: A “back-stop” can be in- 
corporated in gearmotor construction to 
prevent inclined or vertical conveyors 
from rolling backward in case of power 
failure or shut down. They cannot be 
used where the conveyors must operate 
in both directions. In such cases, a me- 
chanical brake should be used. 


Load-Limiting Devices: Both the driven 
machine and the gearmotor can be pro- 
tected from damage resulting from un- 
usual operating conditions by various load- 
limiting devices. They include instan- 
taneous-trip current relays which act to 
disconnect the motor from the line when 
motor current builds up to a predeter- 
mined value. The mechanical counterpart 
of this device is a torque-limiting clutch 
which slips when a preset torque is ex- 
ceeded. Torque-limiting clutches are less 
precise than current relays; also they are 
large and cost more. 


Ambient Conditions 


Gearmotors operating in either high or 
low ambient temperatures require special 
lubricants or lubricating systems. Gas- 
kets, motor insulation, or temperature rise 
may be seriously affected by temperature 
extremes. When other than normal am- 
bient temperatures (35 F to 90 F) are 
expected, the gearmotor manufacturer 
should be consulted. 

Similarly, if the gearmotor is to op- 
erate in an exceptionally dusty location 
such as a cement or taconite plant, special 
seals and breathers are necessary. Also, 
conditions of extreme moisture, chemical 
fumes, hazardous vapors or dusts will 
require special construction of both the 
motor and gear portions as well as the 
brake. 


Load Conditions 


Overhung Loads: When gearmotors are 
connected to driven machines by chains 
and sprockets, pinions and gears, or belts 
and pulleys, an “overhung load” is ex- 
erted on the output shaft. Overhung loads 
also result from agitator drives with long 
shafts, and hoisting applications when 
the drum is mounted on the output 
shaft. The factors which determine over- 
hung-load capacity are bearing capacity 
and shaft strength. It must be remembered 
that gearing forces within the gear case 
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reduce the load capacity that would other- 
wise be available for handling the over- 
hung load. 

Overhung-load capacity may be indi- 
cated in several ways. For parallel-shaft 
gearmotors, one of the most common ways 
is to list the minimum sprocket diameter 
which should be used at rated output 
torque and speed. Another method is to 
list the overhung-load capacity in pounds 
of force. Each method assumes that the 
line of action of the load is located at 
one shaft diameter from the shoulder, at 
the midpoint of the extension, or at some 
other specified location. 

Published values of overhung-load ca- 
pacity are based on chain and sprocket 
drives. The effect of other types of drives 
is related to the chain and sprocket by 
means of a drive factor in the following 
formula: 


2MEK,Ky 

F, 
where D,,,, = minimum pitch diameter, 
M = rated output torque, K, = service 


factor, K, = drive factor, and F, = 
maximum overhung load capacity. 


Drive Factor 
Chain and sprocket .......... 1.00 
Pinion and gear ...........-- 1.25 
VRE S 356. cated abe Seaae 1.50 
Pa SOD ct. . Soy tak wine sae 2.50 


These factors account for such conditions 
as dynamic forces caused by gear tcoth 
engagement, separating forces between 
gears, initial belt tension, etc. One factor 
not considered is an unusual location of 
the load. 

Bearing capacity and shaft strength de- 
termine the overhung load capacity, and 
the location of the load with respect to 
the shaft shoulder can seriously affect 
this value. As the distance from the shaft 
shoulder increases, so does the load on 
the bearings and the bending moment on 
the output-shaft extension. Therefore, the 
overhung-load capacity of the gearmotor 
is reduced as the point of load applica- 
tion is moved away from the shoulder. 
Because of dimensional and strength fac- 
tors, moving the load outward has less 
effect on the bearings than it does on the 
shaft extension. 

When hoisting drums are mounted di- 
rectly on the shaft an outboard bearing is 
usually provided so that the load is fully 
supported. Such an outboard bearing must 
be properly aligned to prevent excessive 
shaft stresses. Where space limitations 
prevent the addition of an outboard bear- 
ing, the gearmotor manufacturer shouid 
be consulted. 

It is sometimes possible to provide over- 
size shafts and/or bearings to increase 
overhung-load capacity. 

In addition to torsional load, shafts of 
gearmotors used for agitator drives are 
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subjected to radial shock from turbulence. 
Also, these forces may be applied several 
feet from the shaft shoulder. To handle 
such loads, special steeple-bearing housings 
are provided to give wider bearing spac- 
ing. Also, the size of bearings and shaft 
are increased. 


Thrust Load: External thrust loads on 
vertical shaft gearmotors present a special 
problem. These loads plus the internal 
loads must be kept within the bearing 
rating. For this reason, most generators 
are fitted with different size bearings on 
each end of the output shaft. The larger 
bearing is located outboard because the 
thrust capacity is usually higher for forces 
acting away from the gearmotor than for 
inward forces. 


Effect of Self-Locking Worm Gears: 
When the load is either overhauling, or 
has a higher inertia than the motor rotor, 
self-locking worm gears present a problem. 
A rule of thumb is that worms with lead 
angles above 6 degrees are usually not 
self-locking, between 3 degrees and 6 de- 
grees they are self-locking at standstill 
but not if running, and below 3 degrees 
they are self-locking at all times. The 
actual Jead angle at which a worm be- 
comes self-locking depends upon the qual- 
ity of lubrication and the condition of 
the gear tooth surfaces. The better the 
lubrication and surface condition, the 
lower the lead angle at which the worm 
gears become self-locking. 

With a high-inertia or an overhauling 
load, the kinetic energy of the load may 
be greater than the kinetic energy of the 
motor rotor. Because the load and rotor 
are rigidly connected, both must stop at 
the same instant. Therefore, some energy 
must flow from the load through the gear 
contact to the rotor to keep it turning as 





long as the load turns. With self-locking 
gears this is not possible, and the excess 
load energy must be dissipated in the 
gears, bearings, shafts, or gear case—possi- 
bly with permanent deformation. A prac- 
tical solution is to select a gearmotor with 
a low-ratio worm. Thus, the kinetic ener- 
gy on the load side of the worm can be 
transmitted to the rotor side and be dis- 
sipated by the total friction or by the 
brake if one is used. A rule of thumb 
is to avoid worms having lead angles less 
than 12 degrees when the load inertia is 
high and any kind of brake is applied to 
the motor shaft. 

There are some applications in which 
self-locking gears are used to hold the 
load after the motor is stopped. This is 
sometimes done as a safety measure in 
the event of a brake failure. Elevators 
and hoists are examples. Worm-lead an- 
gles below 6 degrees should be selected 
for such applications. However, the gear- 
motor must be constructed to withstand 
the stresses imposed. 


. Lubrication 


Lubrication for parallel-shaft gearmotors 
is less critical than for right-angle types. 
Usually straight mineral oil of the proper 
grade for the temperature encountered will 
suffice if the proper oil level is main- 
tained, and pressure systems are function- 
ing correctly. Oil changes should be made 
in accordance with the manufacturer’s in- 
structions. 

Gear motors with one or more stages of 
worm gears require more careful attention 
because the lubricants reach higher operat- 
ing temperatures. Such lubricants are 
usually of higher viscosity. Many manu- 
facturers specify lubricants with EP addi- 
tives, and different brands should not be 
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mixed. Also worm-gear lubricants, be- 
cause of their higher viscosity, have a 
narrower ambient-temperature range and 
seasonal lubrication changes may be re 
quired. 


Efficiency 


Parallel-Shaft Gears: The efficiency of 
parallel gears must be considered when 
determining the gearmotor rating. Paral- 
lel gear efficiency is generally about 9% 
per cent. The loss in power by contact 
between a pair of parallel gears is about 
2 per cent per stage. To this loss must 
be added the losses resulting from circulat- 
ing the lubricant, and in the churning 
which .ccurs when the gears dip. This 
loss is appreciable in the high-speed stages. 
Another loss is the friction of the bearings 
and friction seals. Such friction losses are 
appreciable in the small ratings. Gearcase 
efficiency can normally be assumed to be 
95 per cent per stage for parallel gear- 
m tors up to 2 hp, and 97 per cent per 
stage for sizes above 2 hp. 

Right-Angle Gears: While the efficien- 
cy of parallel gears is relatively inde- 
pendent of the gear ratio, that of right- 
angle worm gears is affected by both the 
lead angle, which is a function of gear 
ratio, and worm speed. The efficiency 
of a right-angle worm gearmotor is lower 
than that of a parallel-shaft gearmotor of 
the same horsepower rating and gear ratio. 
The difference becomes more pronounced 
at higher ratios. Nevertheless, the right- 
angle worm gearmotor is frequently more 
economical. However, when applying 
right-angle worm gearmotors it is impor- 
tant that their somewhat lower efficiency 
be recognized, and that they be applied 
on the basis of output horsepower or 
torque rating. 
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CHAPTER 
Selection and application 


7 6 Definite and Special-Purpose Motors 








O NE group of standardized motors have special 
electrical and/or mechanical characteristics that 
fall outside of the NEMA-defined General-Purpose 
category. These variations from general-purpose de- 
signs adapt the motor to a specific application. In 
some cases, mounting dimensions and methods are 
changed from standard; in others, the variation may 
be in type of enclosure, special performance char- 
acteristics, inclusion of switches, or addition of in- 
herent overheating protection. 
Although often grouped under the broad title of 
“special” motors, two distinct categorics have been 
established by NEMA: Definite-purpose and spe- 


The first part of ‘this chapter covers the various 
types of definite-purpose motors that have been 
standardized by NEMA in Publication No. MG-1959, 
Part 7. These include primarily the large-volume, 
mass-produced, fractional-horsepower motors used 
for fans and blowers, refrigeration compressors, sump 
pumps, and home-laundry equipment. 

The last part of this chapter is devoted to special- 
purpose motors, also referred to as “special-applica- 
tion,” “special-duty,” and “single-purpose” motors. 
These motors are generally of integral-horsepower 
size for which no NEMA-standardized specifications 
have been established. Included are: Pancake, verti- 





cial-purpose motors. 


cal hollow-shaft, sanitary, and vibrator motors. 


Definite-Purpose Motors 





R. E. AXTHELM 


Supervisor, Application Engineering, A. O. Smith Corp., Tipp City, Ohio 


A definite-purpose motor is one for 
which there has been a sufficient demand 
for a given application to warrant the 
establishment of standard specifications. 
Since NEMA has established standards, 
particularly in the fractional-horsepower 
area, various motor manufacturers have 
set up extensive tooling for definite-pur- 
pose motors. Manufacturing costs are thus 
lowered, resulting in a lower cost per 
unit. 

The various types of definite-purpose 
motors as defined by NEMA are classi- 
fied in Table 1 according to their me- 
chanical and electrical characteristics. The 
standards for these motors are periodically 
revised by NEMA to meet new develop- 
ments and requirements. For example, un- 
til recent years a stoker motor was listed 
as a definite-purpose motor, The high 
volume required for coal stokers was pri- 
marily in units designed and built for 
home heating plants. The stoker motor 
classification specified definite types of 
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motors for this particular application. The 
advent of oil, gas, and electric heating 
has made the coal-fired stoker virtually 
obsolete. Thus, the stoker motor has been 
dropped from the classification of definite- 
purpose motors. 

On. the other hand, the advent of nu- 
clear power required a complete new con- 
cept in pumps for use within nuclear re- 
actors. Absolutely no leakage of any con- 
taminated fluid could be tolerated, and 
the motor was specified to be an integral 
part of the pump. Although the electrical 
characteristics could be completely stand- 
ard and conventional, a new concept in 
motor enclosures was necessary. Thus, a 
new set of specifications was established 
and added to the NEMA standards. 

The application of any one type of 
definite-purpose motor for some duty 
other than that for which it was intended 
must be preceded by a careful considera- 
tion of the modifications that may be 
desired. Certain modifications can be 


made easily and inexpensively. Others, 
which may require additional tooling or 
removal from standard production line 
setups may be more expensive than modi- 
fied general-purpose motors. 


Definite-Purpose Motor Types 


From a mechanical standpoint, the vari- 
ous types of definite-purpose motors can 
be divided into three categories: Conven- 
tional mounting, flanged-type mounting, 
and custom mounting. Typical examples 
of definite-purpose motors are shown in 
Fig. 1. 

Motors with conventional mounting in- 
clude belted fans and blowers, belt-driven 
refrigeration compressors, home-laundry 
equipment, cellar drainer and sump pumps, 
dispensing pumps, and those for air con- 
ditioning condensers and evaporator fans. 
Motors with flange-type mountings include 
the jet-pump, coolant-pump, and oil- 
burner motors. Custom mounting is ob- 


119 





SRA Sy a Pn Sl angen Relat 





Table 1—Electrical and Mechanical 





Oil - Burner 


Belt-driven 
Refrigeration 
Compressor 


Air Conditioning 
Condensers & 
Evaporator Fans 





Canned 
Motor Pumps for 
Nuclear Applications 































































generally supplied.) 


Single Phase 
115 and 230 v, 50 and 60 cps. rg 09 op 7. 
Single cr — ; 115, 230 v, | Polyphase: Single ase only; 115 and 2002 jase, only; | 
Power Supply 50 and 60 ‘hes ae 220 and 440 v; 50 and | 230 v, and 60 cps. ~, re , 2300, 2300," oat 
cps. 
Direct Current: 
115 and 230 v. 
| peed eval 4 - 
apacitor-start and repulsion- 
start induction. 9 , ‘ , 
Electrical T lit phase. Polyphase: haded pole and permanent split No standard. 
we — Squirrel cage (constant speed). | copacitor. 
Direct Current: 
Compound wound. 
1/12, » and vq lu 
Horsepower Range a=” ovailable ‘, oe 1/6 to 3/4 hp. No standards. No standard. 
standordized.) 
No standards. (Generally 2, 4, 
Synchronous Speeds 1800 rpm 1800 rpm. 6, or 8-pole speeds. Also, 2 or No standard. 
3-speed designs.) 
Thermal Protection Inherent protector, manual reset. oe protector, automatic No standard. No standard. 
orque NEMA Standard breakdown No stondard. (Low starting 
" 1 pant og wf Bence vA ‘a NEMA standard. torque is choracteristic of this No standard. 
Characteristics pa Mon type motor.) 
Current No standard. (Low current con- 
2 NEMA standard NEMA standard. sumption characteristic this type No standard. 
Characteristics of motor.) 
Service Factors® No standard. (1.0 service factor NEMA standard. No standard. (1.0 service factor No standard. 


generally supplied.) 





Insulation systems allowing to 



























Mounting 








Foce-mounted to burner unit. 





1/3 hp and smolier to have re- 
silient mount. V2 ond % hp to 
have rigid mount. 


T r 50 C for guarded enclosure; 55 40 C at rated load. 50 C for open, 55 C for totally | tol ¢ tures of 200 or 220 
emperature Rise eter totally enclosed. . enclosed. C only “ore. specified. 
Rotation Clockwise focing end opposite Either direction. No standard. Counterclockwise when facing 
drive. motor end 
Pump ond motor ports 
Open or enclosed, with air from | sembled in pressure containet, 
Enclosure Guarded or totally enclosed. Open dripproof. fan passing over motor to effect | crranged to allow zero leakage 
cooling. of nuclear-system coolant from 
system. 
Bearings a (Normally sleeve Sleeve bearings. Sleeve bearings. 
Shaft Details Flatted carbon shaft. Standard keyed. Flatted corbon-steel shaft. 
ag, 5 cover both a 4 ane 
motor. motor magnetic 
ial machined end frame on is filled with woter or 
End-Frame Details Sch ont fer maunting ‘Vo Stondard fluid ond stator ‘is isolated from 
burner can. that fluid by o borrier (con). 
Motor supplied as round-frame 
motor with conventional a. 
Main-Frame Details Round frome. Stondord pa na Tg Sh. 


is normally supplied 
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'The hp rating of single-phase motors is based upon breakdown 
each hp rating. MG1-4.07 covers polyphase fractionals 





torque. NEMA specification MG1-2.07 defines range of values to be expected for 
and MG1-4.12 defines upper limits of polyphase integral-horsepower motors. 
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Characteristics of Definite-Purpose Motors 





Cellar Drainer 
& Sump Pump 


Gasoline - Dispensing 
Pump 


Coolant Pomp 


Submersible 





115, 230, ‘ond 115/230 v, 

















oft breakdown torque. 


oz-ft breakdown torque. 


Minimum locked-rotor torque: 
24.0 o2z-ft for 1/3 hp, 60 cps. 
16.0 o2z-ft for 1/6 hp, 60 cps. 
27.5 oz-ft for 1/4 hp, 50 cps. 


Single Phase: 
115/230 v, 50 and 60 cps. and 60 cps | Single Phase: 
Single phose only, 115 and 230 | Polyphase: Single phase only; 115, ond 230 pa nang vs SO and 60 cps. 
y, 50 ond 60 cps. 220 v, 50 ond 60 cps. v3 60 cps. 208, 220, and 440 v, 50 and| Polyphase: 
Direct Current: 60 cps. re ee Oe 
115 and 230 v. Direct Current: cps. 
115 and 230 v. 
= 
Sate Phase: - , sae Phase: io ‘“ 
apacitor-start r sion- itor-stort, r ion- 
= induction. 29 stort. induction. me oe soy neil 
Split phase Polyphase: Split phose ond copacitor stort. | Polyphase: Split phase and capacitor start. 
Squirrel cage (constant-speed). Squirrel cage (constont speed.) Polyphase: 
Direct Current: Birest Carventi Squirrel cage (constant speed.) 
ompound wound Compound wound. 
’ ates fp the 4-in. well casing.) 
only listed in stondords. ‘or 4-in. well casing. 
1/3 hp Gina? fractional ratings gener- 1/3 and 1/6 hp, 60 cps. 1/20 to 1 hp. 3 to ia. (For 6-in, well casing.) 
ally available.) 1/4 hp, 50 cps. : 
“% ~~ 5 hp. (For 4-in. well casing. 
3 to 20 hp. (For 6-in. well casing. 
1800 rpm 1800 rpm 1800 rpm. 3600 and 1800 rpm: 3600 rpm 
Single Phase: 
: Inherent protector, automatic 
inherent protector, automatic | reset (optional). No standard. No standard. No stondard 
reset. Polyphase and Dec: 
None specified. 
Minimum breakdown torque: 
ry es 4 “3 nee 3 cps. 
18.0 oz-ft for ‘ cps. bunts 
Not less than 20 o2-ft locked- | Not less than 48.8 oz-ft locked- , 2 /4h ‘ NEMA _ standard . 
rotor torque. Not less thon 32 | rotor torque. Not less than 46.0 TS Tae Se Se, NEMA stondard. torque. No standard on starting 


torque. (Low starting torque 
generally supplied.) 





No standard 


NEMA standard. 


No standard. 


NEMA standard. 


NEMA Standord 





We stondord. (1.0 service factor 
generally supplied.) 


1.0 (intermittent duty). 


No standard. (1.0 service factor 
generally supplied.) 


No stondord. 


No standard. (General usage 
ey than normal service fac- 
tors. 





50 C at rated load. 


55 C, V2 hour intermittent duty. 


40C at rated load. 


55C at rated load. 


40 C. (No specification for load.) 





Cockwise facing end opposite 
shett. 


Clockwise facing end opposite 
shoft. 


Clockwise, facing end opposite 
shoft. 


Clockwise, facing end opposite 
shoft. 


Cleckwise facing end opposite 
shaft. 





Special enclosure for mounting 








drilled hole for 3/16-in. bolt. 


naved, or statiniess-stee! thread- 


: f, 
Dripproof, vertically mounted. ae Open. Totally enclosed. in well casing. 
‘ : Ball ings, itabI fi 
Hearings suitable for vertical Sleeve bearings. Sleeve bearings. am MB og vertical eporetion Ball bearings. 
geen. with provision for axial thrust. 
, ; Two standards: Carbon - steel 
Stondord fiatted shoft. Stondard keyed. Flatied-shoft with option of s — | tS p --a 








a brocket iter tetaity otal 
, OF protect vers; Provided with ungrou ; 
wy veshat hes hub td ooh, 14 Rg 4 oe ow, ee a ig fee re Special machined register. 
mounting on support mount with option of extended A 
hoe a) : _brovision for |" 8 hoft end frame. ecugh belts. face register. 
switch, 
Round frame, vertically mounted. Standard Open (round frame.) Round frame. (See Enclosure) 





—————_ 


Vertical, with hub for mounting 
™ pipe. 





Siti 





Standard horizontal rigid mount. 





Horizontal, but may be supptied 
os round frame for built-in 
resilient mount, extended 
through bolts for mounting, or 
conventional resilient mounting. 





Vertical or horizontal mount on 
foce. 





Vertical mounting within well 
casting. 
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totor torque ratings are listed in MG1-4.06 (single-phase) and a 11 (polyphase ——. 
?Maximum allowable locked-rotor currents for single-phase and three-phase, fractional and 


integral frame motors are listed in NEMA specifica- 
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Shaft-Mounted 
Hermetie Jet-Pump 
Fan & Blower Fan & Blower 
Single Phase: $s HY 
Single Phase: 115 ond 115/230 v, 50 and 60 | 115, 230, and 115/230 v; 50 
115 ond 230 v, 60 cps cps. and 60 cps. 
Power Supply Polyphase: Polyphase: Polyphase: Single an’ 15 
208 v, 60 cps. 208, 220, 220/440, end $80 v, 208, 220, and 220/440 v; 25, a 5 
220, 440 ond 550 v, 50 & 60| 50 and 60 cps 50 and 60 cps. 
cps. Direct Current: Direct Current: 
115 and 230 v. 115 and 230 v. 
Single Phese: 
; i Single Phase: 
Single Phase: Split-phase, copacitor-start, and 
real 7 Tt Ed lineata 6 hpteseming hn 
=— - Polyphase: * | Squirrel coge (constant speed). | Squirrel cage (constont speed). | Start induction’ single speed 
irrel tont ' : Direct Current: only. 
Sqoirel cope fremtan? spend eel end. Shunt and compound wound. 
Single Phese: Single Phase: 
1/12 to 5 hp (see torque chor- 1/3 to 1 hep, (Ratings through bMS > 
teristics). / . (Roti 
Horsepower Range octeris ics} ote ae. « § Veto} heres polyphase 1/6 to 3/4 hp. 
Bs 125 hp ratings available, but not stand- 
, . ardized.) 
1800, eA y 900 cn bee 
manent-spli ‘ors can ex- 
Synchronous Speeds 1800 ond 3600 rpm. 3600 rpm ternally ‘controlled 1800 ond 1800/1200 rpm, 
speed to one-half - o- epee. 
nous.) 
_- Phase: : 
None ified by NEMA. In- Inherent, automatic reset. 1 t tector, 
Thermal Protection event Gooteaters qenevaily wed. Saterhase bt us No standard. a Protector, automatic 
None specified. 
NEMA standard breakdown | NEMA = standard _ breakdows 
T NEMA Standard. (No standards ‘ 
Ber ond ew on starting Torque, generally | fora Wa standards storing | toraue. Na stonderd_ on sari 
Characteristics a oman Ne ig low.) generally supplied.) generally supplied.) 
high storting torque. Due to 
excellent cooling medium (re- 
frigeront in system), ratings are 
a? in terms of breakdown 
Current locked-rotor torque, and 
toristies* locked: rotor current, rather thon NEMA Standord. NEMA Standard. NEMA stondord. 
Charac Vv i horsepower. 
3 Service foctors not specified. | i, standard. (1.0 service fac- 
Service Factors ae pn See adopted os | 10) Generally supplied.) NEMA stondard. 
Temperature Rise No stondards. ented eet A. (40 € rise 55 € at rated load. 40 € ot rated lod. 
Single phose, counterclockwise | Clockwise, facing end opposite i , 
Rotation focing lead end. drive. Gmter Either 
No enclosure. Machined stator 
Enclesure supplied for pressing into com- Standard open dripproof. Totally enclosed. Open dripproof. 
pressor housing. 
st 
, , : Sleeve bearing with provision 
Ball beorings, suitable for hori- _ , ‘ 
Bearings zontal or vertical operation with oan . aos Sleeve bearings for horizontel 
No bearings or shoft. Reter sup- | Provision for oxial thrust. pen with boll a ¥ | operation. 
plied to fit compressor shoft 
and bearing ossembly. 
Two standords: Corbon-steel 
Shaft Details keyed, ond stainless - steel Standord Standard 
threaded. 
com en end per standard Standard, bus jaa Eesetes om 
See Enciosur oce register. Fron tension on throu: it exte andor: 
End-Frame Details ¢ ™ ”) end suitable for adaption ing % in. min. Capacitor may * : 
drip cover when used vertically. | be mounted on front end. 
Main-Frame Details (See Enclosure) Round-frame motor. Standard Standard 
Mount ing (See Enclosure) Bolted to pump through C face. Stondord foot mounted. Foot mounted, resilient bose. 











tions MG1-4.06, -4.09, and 
NEMA 
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4.10. It is 


recognized that values ma: 
Std." refers to specification MG1-4.16 entitled, 


“Service 








may vary below the limits assigned as the torque 
Factors of General-purpose and other 40 C. Motors.’’ 
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eharacteristics vary. 



























































16—DEFINITE AND SPECIAL-PURPOSE MOTORS 


Courtesy of Deico 






Oil-Burner Motor 












of Leland Electric 


Courtesy 
Gasoline Pump Motor 


rk down 
torque 





Courtesy of Leland Electric 
Submersible Motor Coolant Pump Motor 





zone! Courtesy of Deico 
Belted Fan and Slower Motor Home Laundry Equipment Motor 








Courtesy of Deico 
a Sump Pump Motor . Jet Pump Motor 
Fig. 1—Examples of definite-purpose motors. 
g P 
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DESIGN DATA 


tained by using a rotor and stator kit 
and building the motor into the final 
product. 


Belted Fan and Blower Motors: In gen- 
eral, although not specified by NEMA, 
fan and blower motors have relatively 
low starting torque with relatively high 
performance at full load. Special care is 
exercised in the engineering and manu- 
facture of these motors to insure quiet 
operation, both electrically and mechani- 
cally. Motors are also available for this 
application in horsepower ratings beyond 
the scope of NEMA specifications. 


Belt-Driven Refrigeration Compressor 
Motors: The service factors for belt-driven 
refrigeration compressor motors are the 
same as for standard general-purpose mo- 
tors. Due to the nature of the load, the 
starting torque is relatively high. Motors 
for this type of duty are also available 
in ratings beyond those specified by 
NEMA. 


Home-Laundry Motors: Load require- 
ments for these motors are very closely 
defined to insure that the motor is ac- 
curately matched to the load. When pur- 
chased in volume, this motor is relatively 
inexpensive. But, unless a large volume 
is considered, it may be quite expensive 
to specify alterations in their design. Be- 
cause these motors are tailored to a spe- 
cific duty cycle, care should be exercised 
in applying them to any other application. 


Cellar-Drainer and Sump-Pump Mo- 
tors: These motors are made with a 
flange-rype mounting. The service factors 
and electrical characteristics are compar- 
able to general-purpose motors. 


Gasoline-Dispensing Pump Motors: 
These motors are totally enclosed and are 
provided with a voltage change and on-off 
switch. Although NEMA standards specify 
a relatively low starting torque, this type 





motor can be coupled to a positive-dis- 
placement pump which requires a higher 
than normal starting torque. The stand- 
ardized mechanical features allow modi- 
fication at a relatively low additional cost. 


Air-Conditioning Condenser and Evapo- 
rator-Fan Motors: These motors are speci- 
fied as shaded-pole or permanent-split 
capacitor, because of their low starting- 
current characteristics. Starting torque is 
also very low. The permanent split-ca- 
pacitos motor also has an excellent power 
factor at full load. This can be important 
where a large number of these motors are 
connected to a common power source. 


Jet-Pump Motors: These are flanged- 
type motors with breakdown torque char- 
acteristics similar to general-purpose mo- 
tors. Threaded mounting holes are lo- 
cated on the machined face, and the pump 
is bolted to the motor. These motors have 
low starting torque and very high per- 
formance at full load. Service factors are 
considerably higher than those for general- 
purpose motors and range from 1.75 for 
a 1/3-hp motor to 1.4 for a 1-hp motor. 
This means that the 1/3-hp jet pump 
motor will deliver nearly 3/5 hp con- 
tinuously without exceeding the service- 
factor temperature rating. 


Coolant-Pump Motors: These motors 
are basically jet-pump motors in a totally 
enclosed frame. They do not, however, 
have the high service factors of jet-pump 
motors. As in all standard totally enclosed 
designs, all ratings carry a 1.0 service 
factor. 


Oil-Burner Motors: These are flanged 
motors provided with clearance holes on 
the outer diameter of the end frame 
to bolt the motor to the burner. Dimen- 
sions on the oil-burner flange are peculiar 
to this type of motor and are not normally 
considered as a general NEMA standard. 


Shaft-Mounted Fan and Blower Motors; 
The shaft-mounted fan and blower motor 
is not a flanged motor in the normal 
sense, but is provided with threaded ex. 
tensions of its through bolts for end 
mounting where required. It can also be 
supplied with a conventional resilient 
mount. It normally has low starting torque 
and high performance at full-load points, 


Submersible Motors: These motors are 
designed to operate submerged while 
pumping liquids. This motor is often used 
in applications norraally filled by jet- 
pump motors, gasoline dispensing-pump 
motors, and vertical hollow-shaft motors. 

The motor is directly connected to a 
pump impeller assembly and submerged 
in the liquid itself. Designs are stand- 
ardized according to the diameter of 
standard well casings: 4, 6, 8, and 10 in. 
These motors are supplied as complete 
assemblies, or in rotor and stator kit form 
for assembly to the pump by the pump 
manufacturer. Since this motor is a rela- 
tively new development, standardized spec- 
ifications are still being formulated and 
will be added in the future. 


Hermetic Motors: These motors are re- 
markably similar to shell-type motors, de- 
scribed in another section of this chap- 
ter. The various dimensions for the out- 
side diameters of hermetic motors are 
standardized. These motors accommodate 
horsepower ratings of roughly 2 to 125 
hp. There are no standardized stack 
lengths pertaining to particular horse- 
power ratings, since compressor specifica- 
tions vary among manufacturers. Also, 
torque and current requirements vary. 
Thus, locked-rotor currents, rather than 
horsepower ratings, are more meaningful 
insofar as rating is concerned. A consid- 
erable variety of electrical designs are 
available. Cooling of the hermetic motor 
is accomplished by the direct or indirect 
use of the refrigerant in the compressor. 
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Special-Purpose Motors 





WILLIAM F. SCHREIBER 


Manager, Application. Engineering, The Louis Allis Co., Milwaukee, Wis. 


Special-purpose motors can be sepa- 
rated into two broad categories: 1. Indus- 
try-standardized special motors, such as 
the pancake and vertical hollow-shaft 
motors. 2. Special motors, such as in- 
verted motors and vibrator motors, de- 
signed for single-purpose applications. In 
many cases, special motors offer the only 
solution to a difficult motor problem. 

This section covers primarily the stand- 
ardized special motors, only briefly touch- 
ing on single-purpose motors, since their 
application becomes too specific for this 
type of coverage. 


Motor Classification 


Special-purpose motors can he classified 
as mechanically or electrically special. 
Also, some combinations of these special- 
ties are available. 


Mechanical Specialties: The enclosure is 
one of the most important mechanical 
specialties. Special enclosures permit the 
motor to be used under varying operat- 
ing conditions. Immersible and self-clean- 
ing textile motors are examples of appli- 
cations where special enclosures are used. 

The motor mounting and its means of 
coupling t the load are another im- 
portant specialty. The vertical hollow- 
shaft motor and shell-type motor are in 
this category. Motor size, bearing con- 
struction, and electrical insulation are also 
often special. 


modifications are often combined with 
various mechanical specialties. However, 
they are also used to modify otherwise 
standard motors. The need for an elec- 
trically special motor is often less evi- 
dent than that for a mechanical specialty. 
However, the need is as great, and in most 
cases, the electrical characteristics can 
contribute even more to the success of 
a motor application than can mechanical 
features. 


Selection of Special-Purpose Motors: 
The use of a special motor must be jus- 
tified by both economic considerations, 
and its ability to perform a given task 
and to operate under given conditions. 
Original cost of the motor is often only 
of secondary importance, since a lower 
initial cost can be quickly offset by short- 
ened motor life, high maintenance, and 
increased power cost due to inefficient 
operation. All of these points must be con- 
sidered in deciding between a standard 
and special-purpose motor. Table 1 lists 
some of the variables to be considered 
when deciding between standard and 
special-purpose motors, Fig. 1. 


Mechanically Special Motors 


Pancake Motors are squat, flat motors 
designed to solve space problems. The 
pancake motor is up to 60 per cent 
shorter than its equivalent standard 
flange-mounted motor, and consequently 
will often fit in a space where it is im- 


manufactured as a flange-type motor, since 
this is the usual means of mounting. Mo- 
tor mounting and construction of the 
driven machine is simplified, since the 
motor is applied directly at the point of 
utilization. The pancake motor is also 
used for applications in which it is un- 
desirable to have the motor protrude from 
the machine. 

In addition to its short length, it also 
offers weight savings, since the housing 
and other mechanical parts of the motor 
are greatly reduced in size. The short 
length is made possible by speciul me- 
chanical construction. The winding end 
turns are compressed to approximately 
one-third of their normal length, elimi- 
nating otherwise wasted space and fur- 
ther shortening the motor. The com- 
pressed end turns do not reduce the di- 
electric strength of the motor winding. 

The pancake motor is available in 
open, dripproof, totally enclosed, fan- 
cooled, and nonventilated construction. 
Sizes of commercially available pancake 
motors vary from fractional through 25 
hp. It is used in the machine-tool, textile, 
woodworking, material-handling, pump- 
ing, and many other industries, 


Shell-type motors, often called can-type 
motors, are widely used in the machine- 
tool and woodworking industries. The 
motor is available as a rotor and stator 
set, and is built into the machine by the 
machine designer. Precision tolerances and 
flexibility of dimensions characterize these 
motors. The user of this type of motor 











Electrical Specialties: These design possible to install a standard motor. It is furnishes the necessary housing, often a 
Table 1—Selection and Application Considerations for Special-Purpose Motors 
Type of 
Application Special Motor Requirements Motor Required Standard Motor Limitations Special Motor Advantages 
Extraetors Must start high inertia Design-D extractor motor Greatly oversized standard Reduced power require- 
and load requiring long acceler- motor with long full,speed ment. Increased production 
Centrifuges ation times running time to permit and motor life by with- 


motor to cool off 


standing severe duty cycles 





Rapid Reversing 


Frequent starts, reversals, 


High-slip, design-D, usually 


Severe applications cannot 
be handled by oversized 


In most cases, only special 
motors can meet the re- 











idle for portion of time 


and Cycling and plug reversals require open or blower-cooled for 
Operations motor with low speed- effective heat removal standard motor. Less quirements of the applica- 
changing losses severe applications can be tion, and yet insure 
accomplished with standard motor life and increased 
motor with short life production 
Punch Press Must start heavy inertia High-slip, design-D, 5-8 Oversize standard motor re- Reduced r require- 
Applications fly wheel. Motor required per cent or 8-13 per cent quired ments and long motor life 
to restore power to fly slip 
wheel taken out during 
punching cycle 
Hoist Must withstand frequent Design-D medium slip, us- Standard motor would re- Motor characteristics match 
Applications short-time overloads. Often ually rated for intermittent quire oversized frame, since hoist requirements provid- 


duty continuous rating would 
have to be used 


ing better performance, and 
reduced power consumption 
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recessed or integral part of the driven 
machine. Bearings, shaft, and other me- 
chanical parts are also furnished by the 
user. The ventilation system, for which 
application assistance is often offered by 
the motor manufacturer, is actually de- 
signed by the machinery manufacturer. 

These motors are used as open, totally 
enclosed, fan-cooled, totally enclosed, non- 
ventilated, and liquid-cooled. High-fre- 
quency input is often used, as many of 
these motors are built into the grinding 
spindles by machine tool manufacturers. 
Shell-type motors are available for op- 
eration from extremely slow speeds up 
to specially-built, high-frequency motors 
designed for use up to 200,000 rpm. Mo- 
tors of this speed are usually liquid-cooled. 
Size ranges are from fractional through 
several hundred horsepower, although 100 
hp is normally maximum. 

Motor parts which are somewhat simi- 
lar to shell-type motors are available for 
less precise applications. Because of the 
less precise construction, their cost is 
usually much less than that of the pre- 
cision shell-type motor. 


Vertical hollow-shaft motors are special- 
purpose motors used in the pumping in- 
dustry. These motors cperate in conjunc- 
tion with turbine pumps and offer an 
economical construction, since the pump- 
driving shaft passes through the motor 
and is coupled to the motor at the top. 
As the name implies, these motors always 
operate in a vertical position. They with- 
stand high thrust load and also support 
the entire weight of the pump, impeller, 
shaft, and column of water. 

The coupling on the hollow-shaft mo- 
tor performs a dual function. It transmits 
the motor torque to the pump shaft, and 
it also prevents the serious consequence 
that might happen if the motor is re- 
versed, thus unscrewing the pump shaft 
and dropping the pump. The two types of 
couplings are the self-release and the non- 
reverse ratchet. The self-release coupling 
automatically lifts and disengages, while 
the nonreverse ratchet prevents backspin 
that might occur when the motor is shut 
off and the water in the pipe drains back 
to normal level. The resulting backspin 
could cause damaging high speed as well 
as unscrewing the pump shaft. 

Hollow-shaft motors are furnished in 
open, dripproof, enclosed, and explosion- 
proof enclosures. Ratings vary from | 
through 2,000 hp. They are often used in 
out-of-doors locations, and are required 
to withstand adverse climatic conditions. 
In chemical plants and refinary installa- 
tions, special atteniion must be given to 
insulation and enclosure to insure maxi- 
mum motor life. 


Immersible motors are another form of 
pump motor suitable for underwater op- 
eration. The immersible motor is adapt- 
able to sump pumps operating in sewage, 
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water, chemicals, and other liquids. It is 
designed to be close-coupled to pumps 
for maximum simplicity in mounting and 
insulation. Use of this construction elimi- 
nates the necessary shaft, coupling and 
bearings required for a motor operated 
above the sump level and mechanically 
coupled to the immersible pump. 

These motors are oil-filled with dia- 
phragm-type breathers to equalize motor 
pressure with the external pressure. A 
face-type shaft seal and O-ring bracket 
seal prevent entrance of the liquid into 
the motor. 

Although designed to operate when com- 
pletely submerged, they will operate for 
a short time when the liquid is pumped 
below the level of the motor. 

Immersible motors are generally of 
standard electrical design, and are avail- 
able in ratings of 34 through 40 hp. This 
covers the size range of application of 
this type pump. 


Self-Cleaning Textile Motors are used 
in the textile industry where the prob- 
lem of airborne lint makes necessary a 
special self-cleaning textile motor. 

The mechanical constructior of the 
self-cleaning motor provides extremely 
smooth surfaces with streamline ribs and 
elimination of pockets. The motor venti- 
lating air passing over these smooth 
surfaces blows lint and dust off the mo- 
tor; thus, the term self-cleaning. 

Textile motors are available from | 
through 30 hp, and are often furnished 
with special electrical characteristics to 
meet the requirements of the driven 
machine. These motors have totally en- 
closed, fan-cooled enclosures. 


Wound-rotor motors may be considered 
as either electrically or mechanically spe- 
cial motors. The wound-rotor motor is 
basically an induction motor with rotor 
terminals brought out through collector 
rings. The electrical characteristics of a 
wound-rotor motor can be changed by 
changing the resistance of the rotor. Ro- 
tor resistance is, of course, fixed in a 
squirrel-cage motor, but can be varied 
in a wound-rotor motor by adding ex- 
ternal resistance in series with the rotor 
winding, 

The variable characteristics of a wound- 
rotor motor provide three major per- 
formance <dvantages over induction mo- 
tors. These are: 1. Speed can be adjusted 
over approximately a 2:1 range with a 
constant output torque. 2. Heavy loads 
can be started smoothly and slowly. 3. 
Locked-rtor current can be limited dur- 
ing starting. These characteristics make 
the motor especially suitable in the ele- 
vator, crane, and hoist industry. How- 
ever, they are used throughout industry 
in general. 

Wound-rotor motors are manufactured 
in all sizes from 1 hp through high- 
horsepower ranges. They can be provided 
with open, drip-proof, totally enclosed, 
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or explosionproof enclosures, and can in- 
corporate other mechanical and electrical 
specialties. 


Sanitary motors are used in applica- 
tions where motors must be kept clean 
and sanitary, particularly in the food- 
processing and allied industries. The con- 
struction of the sanitary motor removes 
all pockets and crevices where dirt and 
moisture might collect. Openings are 
screened and gasketed to prevent the en- 
trance of vermin and insects. The splash- 
proof construction of this motor permits 
it to be washed down with a hose, and 
also enables it to operate in an atmos- 
phere of dripping and splashing water. 

The use of this type of motor permits 
food-processing plants to meet certain 
sanitary standards and also reduces motor 
maintenance and helps to lengthen motor 
life. Sanitary motors are available in a 
size range of 1 to 30 hp, and in either 
splashproof or totally enclosed, nonventi- 
lated construction. 


Arbor motors are the mechanical oppo- 
site of the pancake motor. These motors 
are of small diameter with proportionally 
longer length. 

The arbor motor is particularly useful 
where a cutter, saw blade, or other device 
of limited diameter must be mounted di- 
rectly on the motor shaft. It is used pri- 
marily in the woodworking industry, and 
also in plastics, tile, and home building 
operations. Sizes range from | to 30 hp 
in both open and enclosed constructions. 


Electrically Special Motors 


Rapid reversing and cycling motors are 
used in applications where a number of 
reversals, plug stops, or rapidly fluctuating 
load changes are encountered. Use of a 
standard instead of a special motor for 
cycling operations may result in shorter 
motor life, sluggish operation, and exces- 
sive power consumption. Rapid reversing 
and cycling motors are generally built 
with NEMA design-D characteristics. 
These characteristics offer low losses in 
starting, reversing, and speed changing, 
and keep motor heating to a minimum. 

Rapid reversing motors are used exten- 
sively in the machine-tool industry to 
power such equipments as drilling and 
tapping machines, high-cycling automatic 
lathes, automatic screw machines, and 
other machine tools designed for special 
applications. Many of these fall into the 
category of special machines designed spe- 
cifically for high production of special 
parts. 

The horsepower rating of a rapid re- 
versing motor is a nominal rating and 
is not related to the actual heat-dissi- 
pating ability of the motor. Most of these 
motors are designed to perform a spe 
cific duty cycle, and the inertia of the 
driven machinery is of utmost importance 
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Sanitary Motor 


Inverted Motor 








Liquid-Cooled Multispeed Motsr 
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Sheil-Type Motor 


Arbor Motor 
Fig. 1——Examples of special-purpose motors. 
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in motor sizing. Small blower-cooled, 
rapid reversing motors may reverse over 
200 times per minute. Totally enclosed 
motors, because of their reduced heat dis- 
sipating ability, usually cannot be cycled 
as frequently as blower-cooled or open 
motors. Generally, these motors are built 
in the NEMA 326 frame and smaller. 


Punch-press motors are special design- 
D motors with high-slip characteristics. 
It is generally advisable to use a special- 
purpose motor for punch-press applica- 
tions, particularly in the case of larger 
punch presses in slow-speed operations. 

Punch-press motors are rated in two 
categories; 5 to 8 per cent slip, and 8 to 
13 per cent slip. This compares to 1.5 
to 3 per cent slip in a standard design-B 
induction motor. High-slip, punch-press 
motors increase the efficiency of a punch- 
press operation, since they permit the 
fly wheel to slow down during the heavy- 
load punch stroke, thus utilizing the 
stored kinetic energy in the fly wheel. 
The motor will then accelerate the fly 
wheel to full operating speed during the 
remainder of the punch-press cycle, thus 
maintaining the motor load at an av- 
erage closer to full load. This offers higher 
overall motor efficiency, and will fre- 
quently reduce the horsepower rating re- 
quired for the operation of the press. 


Punch-press motors range in size from 
one through several hundred horsepower, 
as required for large presses. They are 
built in all enclosures, although the en- 
closed motors require larger sizes due to 
the high-slip characteristics and resulting 
dissipation of internally generated heat. 
Thus, open motors are used when possible. 


Hoist-duty motors used on hoists, cranes, 
and similar material handling applica- 
tions are electrically designed for the 
special duty vycle that they encounter. 
These motors are built with design-D 
characteristics, usually in the 5 to 8 per 
cent slip category, and generally rated for 
intermittent duty. Common ratings are 
15 and 30 min, although motors with 1 
hr ratings are also available. Certain spe- 
cial hoist and crane motors which op- 
erate on an almost continuous basis, such 
as skip hoists and ladle cranes used in 
handling molten metal, are often rated 
for a particular duty cycle similar to the 
rapid reversing-type motor. These spe- 
cial hoist motors are less common than 
the general-purpose type. Wound-rotor 
motors are also used, particularly for 
large overhead cranes. Special electrical 
design is incorporated in these wound- 
rotor motors to provide the higher torque 
requirements for this service. 

These motors are usually furnished in 
open or totally enclosed, nonventilated 
enclosures. Fan cooling of an enclosed 
motor is relatively ineffective for the duty 








cycle of the normal hoist application. 
Motors used for this equipment range in 
size from one through several hundred 
horsepower, although most hoist appli- 
cations require a motor in the smaller 
sizes of 25 hp and below. 


Extractor-duty motors are designed to 
drive centrifugal devices that extract liq- 
uids by centrifugal force. The typical 
home automatic washer functions as an 
extractor during parts of its cycle. In- 
dustrial applications are found in com- 
mercial laundries in which the extractor 
may be a drum up to 100 in. or more in 
diameter. Similar centrifugal devices for 
extracting fluids are used in the chemical 
industry, and also in the sugar-processing 
industry to remove liquids from the basic 
product. 

Motors used for this service must be 
capable of withstanding very slow accel- 
eration for relatively long periods of 
time. In some cases, the motor may re- 
quire up to 5 min to reach full speed, 
due to the heavy inertia that must be 
accelerated. During the accelerating pe- 
riod, the motor will draw currents close 
to the locked-rotor conditions and, con- 
sequently, must be able to dissipate the 
generated heat. Extractor motors must be 
selected for the particular duty cycle un- 
der which they will operate. 

Extractor motors are of design-D char- 
acteristic, and are usually furnished with 
a high-starting torque to provide as rapid 
an acceleration as possible. Horsepower 
ratings are not usually significant, and 
they are selected on the basis of locked- 
rotor currents, since the motor rarely op- 
erates at a steady horsepower output. 

A special case of the extractor motor is 
the centrifuge motor. These differ from 
normal extractor motors in that they are 
used in continuous process centrifuges 
which may be started only once or twice 
a day. In this case, a relatively soft-start 
motor is often required, since the cen- 
trifuge basket generally operates above 
motor speed and torque imposed in start- 
ing must be limited because of torque 
multiplication. 


Synchronous-induction motors provide 
synchronous output with the simplicity 
of a standard squirrel-cage induction mo- 
tor. This motor is usually built in the 
same frame sizes and is completely in- 
terchangeable with the standard induc- 
tion motor, It maintains full synchronous 
speeds from no load to full load and, also, 
during intermittent overloads within its 
rating. 

These motors are used as drives for 
precise generator sets, and are particularly 
applicable to 400-cps power  sup- 
plies. They have also been used as mul- 
timotor conveyor drives where it is nec- 
essary to synchronize several conveyor 
sections. Rotor construction is of cast 
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aluminum, making them ideal for high- 
speed, high-frequency applications, permit- 
ting speeds of 10,000 rpm and _ higher, 
The synchronous - induction motor 
has internal flux-guiding paths which 
enable the motor to exert many times 
the synchronizing torque of the reluc- 
tance-synchronous motor. These motors 
are available in size ranges from | through 
50 hp, although motors as large as 125 
hp are built. 


Single-Purpose Motors 





The motors previously described are 
special-application motors used through- 
out industry. In addition to these, mo- 
tors that are designed for single 
purpose applications are available. These 
motors are very numerous and only sev- 
eral of the more common types are dis- 
cussed here. 


Inverted motors, or “inside-out” motors, 
are an excellent example of a single-pur- 
pose motor. In this motor, the shaft re- 
mains stationary, and the outside surface 
rotates. A typical application for these 
motors is in computers as memory drum 
drives. They have also been applied in 
the textile industry as surface wind-up 
motors in which the package of yarn is 
wound by running against the surface 
of the motor. In this case, the motors 
are furnished as synchronous-induction 
motors, since they must tie in with the 
other motors in the synthetic yarn spin- 
ning machine. They are also used to drive 
the belts in Vai de Graaff generators. 


Liquid-cooled multispeed motors are 
used in precision milling operations. The 
high-speed milling cutter fits in the spe- 
cial spindle nose built into the motor. 
This motor has extremely precise tol- 
erances, and such special features as 
oil-mist lubrication, precise balance, and 
an integrally mounted brake. 


Vibrator motors are used to power vi- 
brating screens and vibrating conveyors, 
and are attached directly to the screen or 
conveyor. This motor is designed to have 
eccentric weights mounted on the mo- 
tor shaft at each end of the motor. This 
unit is then bolted to the member that 
is to be vibrated for maximum transfer of 
energy. Very special designs are required 
to provide bearings to withstand the 
forces involved. Some screens vibrate with 
a thrust in the order of 100,000 Ib. 

Other types of vibrator motors include 
a special version of the pancake motor 
which is mounted directly on the screen 
or conveyor and is belted to the vibrating 
eccentric weight. 

In this particular case, the pancake 
motér is used because of its short length 
which helps to reduce the mechanical 
problems involved with a longer overhung 
motor. 
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CHAPTER 


Selection and application 


Torque Motors 








ORQUE motors are designed for ap- 
plications which require prolonged 
stalled torques and/or certain special run- 
ning-torque characteristics. Thus, a torque 
motor is distinguished by its intended 
duty—not by the specific motor type em- 
ployed. Hence, direct-current,  single- 
phase and polyphase induction, repulsion, 
repulsion-induction, polyphase wound ro- 
tor, universal and other motors can be 
designed as torque motors. The illustra- 
tions and curves in this chapter are based 
on the common polyphase induction 
torque motor having a squirrel-cage rotor. 
Torque motors are rated in output 
torque at locked rotor or stalled condi- 
tions. Ounce-feet, pound-inches, or pound- 
feet are the most common units for out- 
put torque ratings. If the motor is re- 
quired to perform at running loads, it is 
sometimes rated for horsepower as well 
as for torque. 

Torque motors are capable of perform- 
ing many jobs which are impractical for 
conventional motors. This is often the 
case where space is at a premium, and a 
smaller frame torque motor can be used 
in place of a conventional horsepower- 
tated motor. The intended use must be 
carefully considered, however, to avoid 
misapplication. 


Electrical Characteristics 


A torque motor develops its maximum 
torque at locked rotor, while the common 
NEMA Design B motor develops maxi- 
mum torque at about 60 per cent of syn- 
chronous speed. Fig. 1 shows torque vs 
speed characteristics for various motor de- 
signs. 

As with any ac induction motor, the 
greater the number of poles, the lower 
the synchronous speed. Fig. 2 shows the 
torque vs speed curves for two, four, eight 
and sixteen-pole, three-phase, 60-cycle 
torque motors. 

For certain applications, the motor is 
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induction torque motors. 


used to apply torque to the shaft in one 
direction while the connected load is ac- 
tually driving the shaft in the reverse 
direction. This condition is sometimes 
encountered when the motor is used as a 
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tension-control device. The torque mo- 


tor will supply approximately rated locked- 
rotor torque while the motor shaft is go- 


ing in the reverse direction, Fig. 3. 
A variation in torque and speed is 
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needed in certain torque-motor applica- 
tions. The torque motor, like most ac 
induction motors, has basically the same 
reaction to reduced voltage—the torque 
changes as the square of the voltage. Fig. 
4 shows the torque vs speed curves for 
various voltages when applied to the same 
motor. 

Several methods may be used to reduce 
the voltage, Fig. 5. A variable autotrans- 
former, or variable resistors, can be used 
to vary the motor voltage to give a con- 
tinuously variable torque. If definite 
torque values are required, the required 
value of resistance can be connected in 
series with the motor terminals. Contac- 
tors are used to short out resistance and 
raise the voltage to the desired value. 
Another method of torque variation is 
accomplished by the external reconnection 
of the motor windings. Fig. 6 illustrates 
the resulting torques for two-circuit wye, 
one-circuit delta, part winding and one- 
circuit wye connections. Locked-rotor 
current drawn by the motor greatly in- 
fluences the method used to control the 
torque. 


Duty Cycle Ratings 


Duty cycle ratings consist of two fac- 
tors: 1. The per cent of the duty cycle 
the motor may be stalled. 2. The dura- 
tion of the allowable stall. For example, 
a 25 per cent, 20-minute rating means the 
motor can be stalled for 25 per cent of 
the entire duty cycle, and the continuous 
stalled time cannot exceed 20 minutes. 
Hence, a motor, with this rating, oper- 
ated under maximum conditions could be 
stalled for 20 minutes out of an 80 min- 
ute duty cycle. During the remaining 
60 minutes, the motor must be de-ener- 
gized to permit the heat generated during 
the stalled condition to be dissipated. The 
same motor might be stalled one minute 
and de-energized for three minutes on a 
continuous basis. 

From the definition of duty cycle, a 
motor which must be locked indefinitely 
would be rated 100 per cent continuous. 
Table 1 gives various polyphase-motor 
frame sizes required for different duty 
cycle and torque cnditions. 


130 


te Shase 


Fig. 4—Family of torque 
peed curves for 3- 

induction torque 
= with various ap- 
plied voltages. 


When a motor is required to perform 
under both stalled and running condi- 
tions, other variables, such as length of 
time stalled, length of time running, pow- 
er needed for driven load, speed of driven 
load, and length of time de-energized, 
make it necessary for the motor manu- 
facturer to choose or to design a special 
motor for the application. 


Motor Construction 


Conventional squirrel-cage motors can 
withstand about 30 seconds locked rotor 
current (5 to 6 times full-load current) 
before they are damaged because of excess 
heat. However, the design of torque mo- 
tors must permit the rotor to be locked 
for extended periods of time. This is ac- 
complished by decreasing the locked-rotor 
current. The two main factors which 
affect this current are the rotor reactance 
and rotor resistance. An increase in rotor 
reactance will cause a decrease in the 
locked-rotor current and _ locked-rotor 
torque. However, an increase in rotor 
resistance to an optimum point will cause 
a decrease in locked-rotor current and, 
at the same time, increase the locked- 
rotor torque, which is the desired result. 
This increased rotor resistance is achieved 
by variation of the size and material used 
in the rotor electric conductors. 


Heat and Tempercture Factors 


Two of the more important factors 
which must be considered in torque-motor 
design and selection are the heat that is 
generated by the motor during the duty 
cycle, and the ability of the motor to 
withstand the resulting temperature rise. 


Amount of Generated Heat 

Proper Desicn ror Duty Cycie: If 
the duty cycle is stalled operation, the 
motor should be designed for stalled con- 
ditions. If the design cycle consists main- 
ly of running conditions, the motor 
should be designed to meet it in an ef- 
ficient manner. 

Srpeep: For a given stalled torque, an 
ac induction motor will generate less heat 
as the number of poles are increased. 
Therefore, the lower the specified speed, 
the smaller the frame which can be se- 
lected, up to practical limitations. 

Reouirep Srattep Time: The 
amount of heat generated is in direct 
proportion to the stalled time. To cut 
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Table 1—Motor Frame Sizes for Various Duty Cycles 
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Fig. 6—Family of curves on recon- 
nection of windings to obtain various 
torques. 


down stalled time, proper controls can 
sometimes be used to shut off the motor 
once a valve or piece of work has been 
positioned. Too, a holding brake may be 
used to hold a position after the motor 
has properly located an unstable load. 


Temperature and Its Allowable Rise 


Generatep Heat: The previous con- 
ditions should be given careful considera- 
tion to keep the heat to a minimum. 


VENTILATION: The amount of heat 
which can be dissipated depends upon 
the available ventilation. 


Frame Size: Heat dissipation increases 
with an increase in frame size. 


Crass or InsuLtaTion: Type of insula- 
tion determines the maximum allowable 
temperature in the motor windings. The 
motor must be designed so that the hot- 
spot temperature will not exceed the 
maximum allowable insulation tempera- 
ture when the motor is used within its 
ratings. 

If the motor exceeds its designed rat- 
ing, more heat will be generated than 
the motor can dissipate, and the insula- 
tion will break down. Thermal protec- 
tion devices should be used to prevent 
such motor damage. 


Thermal Protection 


A bimetal, heat-sensing element, factory 
installed in the motor windings, is the 
most common type of thermal protector. 
If the motor temperature approaches a 
point sufficient to cause winding damage, 
the protector contacts will open, causing 
the motor starter to drop out, de-energiz- 
ing the motor. The protector contacts 
will close when the motor has cooled to 
a safe temperature. 

Another method of preventing motor 
damage, because of excessive duty, is to 
install a time-delay, current-sensitive relay 
in series with the motor terminals. The 
time delay can be set at the allowable 
locked-rotor time. If the motor current 
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remains at the locked-rotor value too long, 
the relay will open its contacts, dropping 
out the motor starter which will de-ener- 
gize the motor. 

These special-purpose motors can be 
subjected to prolonged or even continuous 
stalled conditions. In these cuses, the 
motor wi! g*nerate considerable heat, 
especially if the torque is large. To keep 
the physical size of the motor down to 
practical dimensions, a blower is used to 
circulate air through the motor and its 
windings. A self-powered blower can be 
mounted on the top of the motor. One 
unique design has an additional rotor 
and stator in the motor enclosure to drive 
a blower. This design allows the blower 
to run at full speed when the motor is 
stalled and results in a more compact 
package than the conventional externally 
mounted cooling method. 


Enclosures and Mountings 


Torque motors are available in all en- 
closures which are standard to conven- 
tional motors. These enclosures include 
three types: Open, totally enclosed, and 
explosionproof. These are available in 
foot, flange, or face-mounted NEMA 
enclosures. 


Applications 


Torque-motor applications involve either 
static or dynamic forces. Torque motors 
are commonly used as valve operators be- 
cause high torque is required during break- 
away, and very little torque is required 
to complete the opening or closing of the 
valve. 

In the manufacture of paper, fibers, 
steel, etc., it is necessary to wind the 
product on a reel or drum with constant 
tension and constant linear speed. As the 
product is winding on the drum, the 
diameter increases while the speed must 
decrease to maintain the constant linear 
speed. Also, the torque must increase 
proportionally to the increase in diameter. 
Since the torque vs. speed curve of a 
torque motor is approximately linear, it 
is well suited to these applications. A 
variable-voltage supply to the motor makes 
tension adjustment easy. This system is 
used on machines which wind several 
different products at different tensions 
and speeds. 

Torque motors can be used on machine 
tools for indexing or clamping. Both ap- 
plications require high torque and low 
speed—characteristic advantages of torque 
motors. 

In machines where the work is clamped, 
torque motors are frequently used to turn 
the clamping screws. In the clamping 
operation, the motor turns the screw un- 
til the work is securely clamped and the 
motor stclls. To unclamp, the motor is 
reversed. 








Table 2 

Physical Dimensions 

© 
Bd her 
l- A I 8 
Frame —Dimensions (in. )— 
Size A B 
36 6% 944 
66 8% 10% 
182 9 10% 
184 9 11y, 
213 10% 1243 
215 10% 4% 
254 12% 16} 
256 12% 18}} 
284 14 19% 
286 14 20% 
324 15% 21% 
326 15% 22% 











An indexing tab!e uses the rapid accele- 
ration afforded by torque motors to keep 
the indexing time to a minimum. 

Automatic elevator-door openers use 
torque motors to provide smooth, rapid 
operation. In the event someone is in 
the path of a closing elevator door, the 
door has to rapidly reverse its direction 
of travel. This action requires high 
torque provided by a torque motor. 

Spring-held brakes often use torque mo- 
tors rather than solenoids to release the 
spring. Advantages are quieter operation 
and freedom from sticking. Also, this 
arrangement can be used to give con- 
stant tension control by varying the volt- 
age to the motor. An increase in motor 
voltage will cause an increase in motor 
torque, which pulls against the spring, 
decreasing the torque on the brake. 

Practically all hoists use torque motors 
because of the short duty cycle required 
and large amount of torque needed. 


Specification 


The following should be provided when 
ordering torque motors: 


Power: Single-phase, three-phase, or de 
voltage. In the case of ac motors re 
quired frequency should be given. 


Rating: Torque requirements, and duty 
cycle in as complete detail as possible. 


Enclosure: Open, totally enclosed, or 


explosionproof. 
Mounting: Foot, flange, face, special. 


Limitations: Such as space, temperature, 
noise, etc. 
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CHAPTER 


Selection and application 


Instrument Motors 








HERE is no universally recognized 

definition for an instrument motor. 
Definitions vary with the industry which 
uses the motor and with the manufac- 
turers of the various types. To be all- 
inclusive, therefore, this chapter covers 
al! precision motors with fractional or 
subfractional xorsepower ratings. Thus, 
the sizes covered are from 1/2000-hp 
clock types we to %-hp units, which are 
the largest standard fractional horse- 
power frame 


Applications 


One of the most common applica- 
tions of instrument motors is as a drive 
for recording charts. Here, a synchro- 
nous motor, having an exact relationship 
between motor speed and frequency of 
the supply voltage, is used. 

Recorder pens are usually driven by 
servo or balancing motors. These vary 
from nearly standard two-phase motors 
to precision low-inertia motors with spe- 
cial windings. Response speed is the 
main factor in determining which class 
of motor should be used. Applications 
which use motors with similar charac- 
teristics are: 1. Voltage regulators, which 
may change taps on the secondary wind- 
ing of a transformer or operate a ro- 
tating autotransformer for precise con- 
trol. 2. Valve-positioning motors, which 
may simply open or close valves or 
may be part of a servo actuator for 
precise control. 3. Combustion-control 
motors, which position fuel valves and 
dampers. 

There are many applications, such as 
turntable and capstan drives, which re- 
quire relatively constant speed (+5 per 
cent), but not exact synchronous speed. 
Here, a less expensive low-slip induction 
motor may serve the purpose. 

Applications which require adjustable- 
Speed drives are common. Dictating ma- 
chines, for example, have a fairly con- 
Stant load and a speed range of 900- 
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1550 rpm. This requirement can be met 
with a simple rheostat control on a per- 
manent split-capacitor motor. Adjustable- 
speed drives for fan loads can economi- 
cally be accomplished with a tapped 
transformer. Here, the motor output var- 
ies as the square of the voltage, while 
the fan load varies approximately as 
the square of the speed. 

High-speed grinders and _ precision 
lathes have more exacting loads and 
require wider speed ranges. Proper fin- 
ish is dependent on speed control and 
de motors utilizing field and armature 
controls are effective. 

Precise adjustable speed can be achieved 
by using a synchronous motor and a vari- 
able-frequency power source. This is an 
expensive arrangement, however, and is 
seldom justified unless several motors are 
varied in unison. 


Load Requirements 


Selection of the proper motor for a 
particular application requires complete 
knowledge of load characteristics. The 
design engineer must first make a list 
of requirements. Only in this way can 
the problems be avoided that frequently 
arise when motor selection is left to a 
later stage. All too often, for example, 
space and mounting provisions of the 
motor appear as afterthoughts. This fre- 
quently increases the cost of a motor out 
of proportion to load requirements. 

When load requirements are rela- 
tively simple, for example, exact speed 
and constant load, there is little prob- 
lem in selecting the correct type and 
size of motor. In this case, a reluctance 
synchronous motor is first choice; its 
size will depend solely on torque and 
speed requirements. 

When other factors, such as response 
speed, quick reversal, and impedance 
matching arise, the selection problem be- 
comes more involved. If the motor-per- 
formance curve and selection factors, as 


presented on the following pages, do not 
indicate a clear-cut choice, the designer 
should then contact the motor manu- 
facturer. Most motor manufacturers pro- 
vide a specification form, Fig. 1, which 
lists pertinent requirements. 


Motor Types 


Permanent Split-Capacitor Induction 
Motor: This motor is probably the most 
versatile and widely used type. It is ba- 
sically a two-phase motor, in which phase 
shift is accomplished by placing a ca- 
pacitor in series with one winding. Often 
the windings are identical so that re- 
versibility can be achieved by using a 
single-pole, double-throw switch. 

Of the various permanent split ca- 
pacitor motors available, the induction 
motor, Fig. 2, is the least expensive. 
As made for conventional requirements, 
its rotor has fairly high inertia, but, with 
different windings and rotors, it can fre- 
quently be used in instrument servo ap- 
plications. The response time require- 
ment of many instruments is such that 
a torque or dynamic-brake induction 
motor will suffice. Winding impedances 
can be varied over a wide range to 
match impedances of vacuum tube or 
transistor amplifiers. 


Shaded-Pole Induction Motor: An even 
less expensive induction type, the shaded- 
pole motor, may suffice in applications 
where its lower performance can be tol- 
erated. It is normally nonreversible, but 
can be made reversible at extra cost. Oc- 
casionally, shaded-pole motors can be 
used as rate generators, where their vari- 
ation in null voltage is not critical. Here, 
reversing coiJs are used as the output 
phase. 


Reluctance Synchronous Motor: For 
precise speed applications, the reluctance 
synchronous motor should be given first 
consideration. It is the least expensive 
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of the synchronous types, since its con- 
struction is similar to that of an induc- 
tion motor. It is made in ratings up to 
1/10 hp. Above that, single-phase units, 
with a starting switch, are required. 


Hysteresis Synchronous Motor: This 
motor utilizes a standard stator, but re- 
quires a rotor machined from a special 
cobalt alloy. Both material cost and ma- 
chining time are increased, resulting in 


ings. boll 


Fan 


circulation Yi $ 








Motor Type Geored: Yes. No; Bulletin or Drwg. No. 
Power Supply: Volts » AC. ph Cycles 7 B.C. 
Performance Requirements: 
Speed: Sync RPM; Non Syne. +... Yq; Veriable, to 
Full load: HP or Torque or. in. (Estimated ___ _» Actual ) 
Min. Starting Torque aS | >, dntahisligiteimyeg- “5 Sais ) 
Min. pull thru Torque Sr) acimaas. ee a 
Breakdown Torque GO ¢ 7 aso, ~ on ) 
Duty: Cont. Int Time on_____.___ Time off (minimum) 
Rotation: CW ccw Reversible: From rest_. while running Frequency 
Mechanica! Features: 
Stel Shaft or Length Dia. _Flet___Keywey Other 
Double E or other (expl — a 
Housing: Open Totally enclosed __ —_ 
Bearings: Sleeve Ball Spel. pe 
Mounting: Horizontal ee Shaft down 
Leads: Stel or No. Length _.. Color Code 
Agptoation Sotette: 
Ambient Temp. Range: From Cte ee 
Type of Drive: Belt Choin _.Direct _.. Other. 
inertia of Connected Lood ot. in. 
Sp!. Requirements: 
Description of Application: 
Estimated Requirements: First order a , 
By: Nome eee Date 
Co Address. 
Fig. 1—Motor application data. 


a more expensive unit. It has the added 
feature of exact speed during a revolu- 
tion, but should be used only where 
this, or its inherent quietness, are nec- 
essary. 


Polarized Synchronous Motor: This 
motor is similar in construction to an 
induction motor, except that part of the 
squirrel cage rotor is replaced by a per- 
manent magnet. This magnet is mag- 


Coil winding Stator 





Fig. 2—Cross section ~ ON 
of. typical induction pa 
motor with ball bear- Preloaded —¢ pamihas 
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bearings Py! 
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netized for the same number of poles as 
in the stator windings. During operation, 
it maintains a definite relationship be- 
tween input phase and shaft position, 
Mechanical rectifiers and light choppers 
are typical applications requiring a po- 
larized synchronous motor. In sizes up 
to 1/10 hp, the rotor and magnet can 
be side by side on the shaft. Larger sizes 
require special construction to keep the 
magnet from being demagnetized dur- 
ing start up or power interruption. 


Instrument Servo Motor: Applications 
having response times not obtainable 
with induction motors require an in- 
strument servo motor. In small sizes, 
this type uses a special stator design to 
reduce winding time and a small diameter 
rotor to reduce inertia and, thus, increase 
the torque-to-inertia ratio. Larger sizes 
have standard manufacturing methods, 
with stator bore and rotor diameter as 
small as possible. 


Military Motors: Where excellent per- 
formance and compactness are required 
under adverse environmental conditions 
(altitude, humidity, salt spray, etc.), a 
motor meeting military specifications 
should be considered. These are more ex- 
pensive than standard instrument types, 
due to size, special materials, and ex- 
tremely close manufacturing tolerances. 


Stepper Motor: The inductor or step- 
per motor finds use as a slow-speed syn- 
chronous device. Low fixed speed is in- 
herent in the design, eliminating gear 
reductions and their lubrication prob- 
lems. Inductor motors, due to their per- 
manent-magnet design, find wide use in 
control systems requiring instantaneous 
reversing or braking. Torque-to-inertia 
ratios are high. When pulsed with de, 
inductor motors may be stepped forward 
or backward in small increments to give 
fast, precise control. 


De Motors: The dc shunt motor is 
normally used only where constant speed 
is required and direct current is avail- 
able. Compound motors provide better 
starting and running torque but have 
poorer speed control. Both types can 
provide wide speed ranges in conjunc- 
tion with special controls. 

Series motors find use in appliance 
drives where high starting torques are 
required or in ac/dc applications. 

The printed-circuit motor is a special 
type of de motor which has application 
where extremely low rotor inertia is re- 
quired. Its resulting high torque-to- 
inertia ratio and excellent response char- 
acteristics have application in many spe- 
cialized fields. 


Operating Conditions 


Power Supply: In the industrial mar- 
ket, single phase, 120 volt, 50 or @ 
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Fig. 3—Typical speed vs torque curves for various motor types. 


cycle ac power must be considered stand- 
ard. A power pack may be necessary if 
de or high frequency is required for a 
particular drive. Some industrial appli- 
cations have two and three-phase power 
plus de available. Occasionally, only dc 


or 25 cycle power is available. 


Mounting: An instrument motor should 
be mounted on a good heat sink and in 
proper alignment with the load. Base, 
boss, riser, pilot or through-bolt mount- 
ings are standard. Good heat dissipation 
means that a minimum motor size, con- 
sistent with maximum lubricant life, can 
be utilized. The common rule of thumb 
is that for each 10-deg C rise over a 
total ambient of 105 C motor life is re- 
duced by one-half. Total ambient is the 
sum of ambient outside the instrument 
case plus rise above ambient inside the 
ewe plus rise above ambient in the 
winding. 

If quietness of operation is important, 
a resilient or sound absorbent mount 
should be considered. However, these 
mounts are usually insulating types and 
teduce heat conduction. A larger motor, 
or one of open construction, may then 
be required. Standard designs of small 
instrument motors and servo motors are 
normally totally enclosed. Hence, a spe- 
cial may have to be used. Where space 
permits, an auxiliary fan or blower 
should be considered, especially when the 
Motor is on continuous duty. 

The type of bearings used must be 
sidered in connection with mount- 
ing and noise requirements. Ball-bear- 
ing motors may be mounted in any po- 
sition. Sleeve-bearing motors, which are 
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inherently quieter than ball bearings, 
generally can only be mounted horizon- 
tally, although some standard sleeve-bear- 
ing motors are now available for all- 
position mounting. 

Motors with integral gear cases are 
normally suitable for horizontal mount- 
ing only and require a special unit for 
vertical or all-position mounting. First 
consideration should always be given, 
therefore, to horizontal mounting with 
these types. 

The mounting structure itself should 
be sufficiently rigid to prevent vibration 
and accompanying resonant noise. In no 
case should the motor be mounted on a 
thin-walled diaphragm, since the sound- 
ing-board effects will be excessive. 


Environmental Conditions: Conditions 
that are severe require special treatment 
and, sometimes, special motor designs. 
High humidity or salt spray requires cor- 
rosion resisting coatings and _ stainless 
steel shafts and ball bearings. High or 
wide ambient temperature ranges often 
require special insulation and lubrication. 
Contaminated atmospheric conditions pre- 
sent difficult problems, especially to dc 
moiors. Brush life may be drastically re- 
duced in the presence of acid fumes. 
High-altitude operation (above 10,000 ft) 
presents problems similar to high-ambient 
conditions. Rarefied atmospheres and the 
lack of water vapor cause excessive tem- 
perature rise and, in dc motors, excessive 
brush wear. 

It has previously been stated that 
weight and space should be considered 
early in the design of the instrument. 


18—INSTRUMENT AND SERVO MOTORS 


Basically the space required by a motor 
is a cube, and the smaller the space for 
a given torque, the more expensive the 
motor. Also, lubrication and maintenance 
become more difficult as size decreases. 


Relative Costs: As an indication of 
relative cost, a standard servo motor— 
rated at about 1/500 hp—is more expen- 
sive than a 14 hp washing-machine mo- 
tor. This is partly due to mass-produc- 
tion economies possible with washing- 
machine motors. In addition, small mo- 
tors present a difficult problem in in- 
serting windings and holding machin- 
ing tolerances necessary for successful 
operation. The point of minimum size 
and minimum cost is changing, however, 
as automatic production techniques are 
used and as the quantities involved in- 
crease to warrant better tooling. 

The basic point to remember when 
selecting the most economical motor for 
a particular application is: Start with a 
standard motor and then add only those 
special requirements which are demanded 
by the application. 

Manufacturers of fractional and sub- 
fractional horsepower motors have, in 
some cases, been able to reduce motor 
size and maintain performance by using 
better insulating materials (classes B, F 
and H). Practically all military specifi- 
cation motors use these premium insu- 
lations, and as the price gap narrows 
between insulation classes, industrial in- 
strument motors will undoubtedly stand- 
ardize on these types. Increasing allow- 
able temperature rise by means of su- 
perior insulation is only half the prob- 
lem, however. For long, maintenance- 
free motor life, lubricants which will 
withstand evaporation and degradation 
for long periods at high temperatures 
must be perfected. 


Connecting the Load: Due to perform- 
ance requirements and available torques, 
extreme care must be given to connect- 
ing the load to the motor. Misalignment 
of a servo motor can cause excessive 
starting voltages and corresponding in- 
creases in deadband. Failure to consider 
overhung loads often causes premature 
bearing failure. The method of connec- 
tion must not load the bearings ra- 
dially or axially beyond the limits rec- 
ommended by the motor manufacturer. 


Performance Characteristics 


Fractional-horsepower motor name- 
plates show voltage, current, frequency, 
time, temperature and horsepower rating 
from 1/20 to % hp at standard speeds 
of 3450, 1725, 1150 and 850 rpm. Below 
1/20 horsepower, motors are rated in 
several ways. NEMA recognizes milli- 
horsepower ratings from 1 to 35 but 
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many manufacturers continue to show 
fractional ratings from 1/2000 to 1/50. 
A millihorsepower = 1 oz-in. x 1000 
rpm. Industrial instrument motors are 
often rated in ounce-inches and the 
nominal full-load speed is given as well 
as input watts. 

Military specification instrument mo- 
tors show voltage for each phase, fre- 
quency, number of poles and output 
watts. Here, output watts is the maxi- 
mum output; it occurs at approximately 
VY rated speed. Output watts are related 
to torque and speed by the following 
formula: Watts output = torque (0z-in.) 
x speed (rpm) x 0.746. 

General performance characteristics of 
all types of motors are shown by speed- 
torque curves, Fig. 3. These curves are 
representative of the various types of in- 
strument motors and show the approxi- 
mate relationship of locked rotor torque, 
maximum torque and rated load. 

Information required for standard mo- 
tor application is relatively simple: What 
is the torque and speed required by the 
load, and what is the duty cycle? The 
first of these, expressed in foot pounds, 
ounce-feet, or ounce-inches, when mul- 
tiplied by speed, gives a work factor 
which can be converted to horsepower. 

Speed should be given at no load and 
at full load, including allowable varia- 
tion with load and voltage. Torque should 
be given for rated full load, starting load 
(minimum locked-rotor torque) and 
breakdown. For synchronous and induc- 
tion motors, pull-up torque is required, 
and for synchronous types, pull-out 
torque is required. The type of load, 
whether friction or inertia, is important, 
as is maximum intermittent load. If other 
than continuous, the duty cycle should 
be given. Duty cycle must be specified 
in seconds or minutes on and off. In 
the case of small motors, one hour on 
should be treated as continuous duty. 

Efficiency and power factor are seldom 
important in instrument moters, since 
power consumption is small. However, 
low efficiency can result in temperature- 
rise problems. 


If dynamic braking is required, the 
number of shaft revolutions or degrees 
permissible before the motor stops should 
be specified. Single-phase ac motors will 
stop when energized by sufficient dc 
power. Some split-capacitor motors will 
stop when the capacitor is shorted. Dc 
motors can be stopped by shorting the 
armature. Most control motors require 
dynamic braking, which can be accom- 
plished by simple switching in the smal- 
ler sizes, since braking watts are less 
than rated watts. Larger sizes require more 
intricate switching to remove the motor 
from the line as soon as it has stopped. 

If reversibility is required, it must be 
specified as “while running” or “allowed 
to come to a stop first.” The size of the 
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Shaded Distributed Torque Low-Inertia 
Pole Windings Servomotor 
Power Supply 
Standard Voltage 115 115 115 115 
Available Voltage ° 230 230 230 
Standard Phase 1 1 1 1&2 
Available Phase 2&3 2&3 eas 
Maximum Horsepower 1/6 3/4 3/4 3/4 
Starting Torque 
(percentage of full 100 150 200 300 
load) 
Speed Variation 
(from no load to 6% 4% eee 40% 
full load) 
Response Time Fair Good Good Excellent 
Theoretical Accelera- Low Medium Medium High 
tion at Stall 
Dynamic Braking De in De in Capacitor Capacitor 
windings windings shorting shorting 
Adjustable 35-100% at 35-100% at 35-100% at 0-100% at 
Speed Range full load full load full load full load 
Reversibility 
From Rest Yes Yes Yes Yes 
While Running Yes Yes Yes Yes 
Efficiency Low Medium Low Low 
Approximate Relative 
Cost Comparison* 0.6 1.0 1.2 1.5 
(of a standard sub- 
fractional hp motor) 
Typical Applications Fans Dictating Pen drives Pen drives 
Blowers machines Valve or 
Power Fans damper 
Power control 


*Relative cost factors are valid only within each major group i.e. induc- 
tion, synchronous and dc. Comparing groups, and giving induction motors a 
factor of 1, synchronous is 1.2 and dc series is 0.8. 

Within the induction group, and giving split-phase types a factor of 1, 
permanent split-capacitor is 1.2 and three phase is 1.25. 





100 


No 
No 


15 
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motor and the frequency of reversing de- 
termine whether or not a standard de- 
sign can be used. 

Where accuracy of speed adjustment is 
not required, permanent split-capacitor 
motors can be controlled over the range 
from rated to 35 per cent of rated speed 
by using rheostats in series or parallel 
with the capacitor winding. For exact 
speed control over a wide range, a dc mo- 
tor must be used. 

Additional information which may 
have to be specified, depending on the 
application, includes control-winding im- 
pedance and watts available, time con- 
stant, damping coefficient and theoreti- 
cal acceleration at stall. The last three 
are figures of merit which show a mo- 
tor’s ability to come up to speed and to 
follow input signal changes. Table 1 sum- 
marizes the performance characteristics of 
the various motor types. 


Special Requirements 


When an instrument requirement can- 
not be met by a standard instrument 
motor, the following variations should 
be considered for most economical design: 


Higin-Speed, Ac Input: If load is con- 
stant and some speed variation permis- 
sible, a simple, 3-wire series motor, with 
a split series field, may be used. It has 
a high starting torque and no-load speed 
can be up to 20,000 rpm. Or, if power 
requirements are low, the best solution 
may be to convert ac to dc and use @ 
shunt or compound motor. Speed control 
within +1 per cent is then possible. 


Low Speed: If the load is very con- 
stant, a torque motor may be used. It 
has low output, but the 60-cycle inductor 
type is available in 240, 300 and 450 rpm. 
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nt Motor Selection Factors 








Fig. 4—instrume 
ie Synch Motors 
Per nt Reluct Hyst fi 
Magnet 
115 115 115 
230 230 230 
1 1 1 
2&3 2&3 
1/2000 3/4 3/4 
100 150 100 
None None None 
Low Low Low 
No Yes Yes 
No Yes Yes 
(small sizes) (small sizes) 
Low Low Medium 
1.5 1.0 1.3 
Chart Chart Turntables 
drives drives Capstans 














De Motors 
Polarized Inductor Shunt Series Compound Printed 
Circuit 
115 115 115 115 115 115 
230 230 230 230 230 
1 1 
2&3 
3/4 3/4 3/4 3/4 (3/4) 3/4 
100 100 200 250 300 300 
None None 10% 25% 40% 
Fair Good Fair Excellent 
Low Medium Low Medium Low High 
Armature Armature Armature Armature 
shorting shorting shorting shorting 
10:1 0-100% at 10:1 0-100% at 
full load full load 
Yes Yes Yes Yes Yes Yes 
Yes Yes Yes Yes Yes Yes 
(small sizes) (small sizes) (small sizes) (small sizes) (small sizes) 
High Low High High High High 
1.5 1.4 1.3 1.0 1.3 2.0 
Light Low-speed Variable- High-torque Variable- Servo 
choppers synchronous speed applications speed applications 
Mechanical Servo drives drives 


rectifiers 


applications 











High or Low Temperatures: With spe- 
cial attention to lubrication and mechani- 
cal design, motors can be made to operate 
down to —100 C (with an upper limit 
of 40 C). The range from 20 C to 100 C 
is likewise possible. Insulation materials 
and magnet wire are available for tem- 
peratures up to 180 C and special lubri- 
tants will operate for reasonable periods 
at this temperature. Wide ranges at ele- 
vated temperatures are still a problem, 
however, especially when low starting 
voltages are required. 
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Multispeed Operation: Motors with 
multispeed windings can be made, but 
they may cost more than multiple single- 
speed motors to perform the same task. 
They are sometimes necessary, however, 
to solve space or coupling problems. 
They can be made in induction or hys- 
teresis synchronous types. 


Mechanical Braking: Simple mechani- 
cal braking can be accomplished by hav- 
ing a spring push the rotor out of mag- 


netic center against a braking surface. 
Starting the motor causes the rotor to 
shift away from the brake and run nor- 
mally. This arrangement is frequently 
less expensive than dynamic braking 
with dc. A variation of this “internal 
shift” motor is to use two motors within 
one hoysing with their rotors out of mag- 
netic center so that rotor and shaft move 
to engage a clutch as each stator is 
alternately energized. A typical applica- 
tion would be for two-speed drives in 
the same or opposite directions. 








CHAPTER Selection and application 





Timing Motors 











TIMING motor is an electric motor 

having constant speed and a usable 
power output, and which is used as a 
prime mover for a timing device. They 
are motors from which the exact speed 
of the output shaft or shafts can be uti- 
lized. 

Timing motors are designed for a spe- 
cific use, have certain distinct character- 
istics, and should be differentiated from 
instrument, torque and servomotors. 

There are basically three types of elec- 
tric timing motors: Alternating current, 
direct current, and stepper motors. In 
the first two cases, the construction and 
function of the motor reflect the charac- 
teristics of the power source. Stepper 
motors, however, are of the ac type by 
design, but are de by function. 

The decision to use a de motor instead 
of an ac motor, or vice versa, is usually 
made on the basis of the available power 
supply. Frequently, however, both ac and 
de are available, such as in certain air- 
craft applications. Here, the choice 
should be made purely on the basis of 
individual merits. 

Where only a single power source is 
available and some specific design ad- 
vantage of one motor type outweighs other 
considerations, it is not at all uncommon 
to convert the available power to meet 
the requirements of the motor. 

Alternating current rectifiers or oscilla- 
tors powered from dc supplies are readily 
available today. Therefore, the choice 
between an ac or de timing motor should 
not necessarily be based on the available 
power supply, but rather on the specific 
merits of a motor for the design in 
question. 


AC Motors 


Alternating-current timing motors are 
perhaps the most widely used timing 
motors today, because the output shaft 
speed depends only on the accuracy of 
the input frequency. The input fre- 
quency is normally held to very close 
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tolerances and is consistent over large 
geographical areas. This is because the 
60 cps freequency normally used today 
is controlled to correspond to WWV time 
standards to within seconds per day. 

If alternating current is used to power 
a motor which is completely dependent 
on ac for its speed of rotation, then this 
motor makes an excellent motor for tim- 
ing applications. Electric clocks and 
washing-machine timers illustrate the 
use of ac motors for timing applications. 

The use of alternating-current supply 
for timing also permits fabrication of 
motors that require no brushes, thereby 
providing a relatively long maintenance- 
free operating life. 


Types 


Hysteresis and synchronous inductor are 
the two basic types of ac timing motors 
in most widespread use today. The hys- 
teresis motor is perhaps the most com- 
mon. 

Hysteresis Motor: This is a synchronous 
motor, without sailent poles and without 
direct-current excitation. It starts by vir- 
tue of the hysteresis losses induced in its 
hardened-steel secondary member by the 
revolving field of the primary and op- 
erates normally at synchronous speed due 
to retentivity of the secondary member. 

Two types of hysteresis motors are con- 


Fig. 1— Speed vs § 
torque curve for 
typical hysteresis 
synchronous motor. 
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sidered here: Two-phase and shaded-pole, 
single-phase motors. The two-phase motor 
has a distinct advantage because it can 
be easily reversed. The shaded-pole mo- 
tor is a unidirectional motor, and rota- 
tion cannot be changed, since it is pre 
determined by the actual construction of 
the motor. 

Apvantaces: Regardless of motor type, 
the synchronous-speed characteristics of 
hysteresis motors make them ideal for 
timing operations. Starting torque is ap- 
proximately 100 per cent of full-load 
torque. High inertia loads can be ac- 
celerated up to synchronous speed. How- 
ever, because the poles in the rotor are 
not fixed but are repetitively induced from 
the stator poles each time the motor pulls 
into synchronism, the rotor may pull into 
synchronism in any angular position and 
any random position. As long as.the ro- 
tor stays in synchronism with the revo!y- 
ing s:ator field, these poles remain in a 
perticular relationship to the stator, and 
the rotor will rotate at an exact speed 
ir relation to the input signal frequency. 
The rotor operates smoothly, Table 1, 
and more quietly than rotors in other 
synchronous motors. Since the rotor is 
usually constructed of a band of very 
thin hardened steel, it usually has low 
inertia, and fast starting speeds are pos 
sible. Fig. 1 shows speed-torque curve for 
typical hysteresis motors. 





Torque (oz-in.) 
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At present, the largest known hysteresis 
synchronous motor is approximately /, 
hp and the smallest is 1 mu hp. Be- 
cause hysteresis motors know no limi- 
tation in small sizes, they can be built 
as small as parts can be fabricated and, 
therefore, have extreme value in the 
timing industry. Hysteresis motors have 
been built to operate at frequencies from 
25 to 2000 cps. They are used in a variety 
of drive systems such as turntable drives, 
household clocks, timing instruments, 
stop clocks, elapsed-time indicators, re- 
peat cycle timers, time-delay relays, and 
printed-circuit binary time encoders. 
They are also very common in the air- 
craft industry, where they operate from 
40 cps alternators. Hysteresis motors can 
be designed to operate at various fre- 
quencies, but it is best to hold the fre- 
quency to within plus or minus 5 per 
cent of the nominal specified. Beyond 
this range, the motor is liable to overheat 
and have a ioss of torque. 

Construction: Fig. 2 shows: the typical 
construction of a 400-cps two-phase mo- 
tor operating on a split-phase principle 
with a resistance-capacitance (RC) net- 
work. The stator halves are identical and 
the motor is designed for 90-deg phase 
shift. The RC network could be elimi- 
nated and the motor operated from a 
two-phase 400-cycle source with 90-deg 
phase displacement. 

The motor also can be operated with- 
out an RC network by using an unbal- 
anced wind, if resistance is incorporated 
in one of the coils. However, the coils 
are not identical and reversible rotation 
is not recommended. 


Synchronous Inductor Motors: This mo- 
tor is the most recent addition to the 
timing field. It is a synchronous motor, 
employing a permanent-magnet rotor and 
an electromagnetic stator, and may be 
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Table 1—Ac Synchronous Motor Rotor Speed at Different Frequencies 


























Pairs of Poles Input Freq y 

50 cps 60 cps 400 cps 
1 3000 3600 24000 
2 1500 1800 12000 
3 1000 1200 8000 
750 900 6000 
5 600 720 4800 
6 500 4000 
7 428.6 514.2 3428.5 
8 375 3000 
9 333.3 400 2666.6 
10 300 360 2400 
ll 272.7 372.2 2181.8 
12 250 300 2000 
13 230.8 277 1846.1 
14 214.2 257.1 1714.3 
15 200 240 1600 
16 187.5 225 1500 
17 176.5 212 1411.8 
18 166.6 200 1333.3 
19 157.9 189.5 1263.2 
20 150 180 1200 
40 75 90 600 
60 50 60 400 








a shaded-pole, split or two-phase type. 
Some low-cost types are designed with 
no rotational sense of direction, but em- 
ploy mechanical “no-back” devices to ob- 
tain the desired direction of rotation. 
Apvantaces: Most synchronous inductor 
rotors today utilize the barium ferrite 
magnet. Motors with Alnico and cobalt 
steel rotors have been in existence for 
quite a number of years and have cx- 
hibited very good torque. Advantages of 
barium ferrite rotors are their very low 
weight, low cost, high magnetic force 
and ability to operate in very large air- 
gaps. All metallic magnets have a relative 
permeability greater than air; if intro- 


duced into a magnetic field, even though 
they are polarized, they will have mag- 
netic attraction to their surrounding field. 
Barium ferrite has a relative permeability 
of approximately air end is relatively un- 
affected by its surrounding magnetic field. 
This minimizes the danger of demagnetiz- 
ing the rotor by over exciting the stator 
field. One other advantage of using bar- 
ium ferrite for the rotor in an inductor 
motor is that it can operate over fre- 
quency ranges of from less than 1 to 
400 cps. 

Inductor motors will not run at a sub- 
synchronous speed. If the torque level 
increases high enough to pull an in- 
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ductor motor out of its synchronous speed, 
it will stall. In some critical timing ap- 
plications, this is a very important fac- 
tor, because complete stoppage of its out- 
put shaft can indicate a timing failure 
and give an early warning to a system 


trouble. 

One other advantage of the inductor 
motor is its relatively high torque. Fig. 
3 shows a typical speed-torque curve for 
an inductor motor. 


Construction: One variaiton of the 
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Fig. 3—Speed vs torque curve for typical 


shaded-pole, synchronous inductor motor. 
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Fig. 4—Schematic wiring diagram 
for a reversible shaded-pole induc- 
tor motor. 








Fig. 5—Pear-shaped gear cup. 





Fig. 6—Servo-type gear head. 


basic shaded-pole inductor motor was de- 
veloped by using the basic construction 
and coupling two stators with a single 
rotor on a common shaft. The result 
is a reversible inductor motor that does 
not require any phase-shift network. Be 
cause one of the unique features of an 
inductor motor is its instant starting and 
stopping, a reversible instant stopping 
and starting motor can perform extremely 
difficult timing operations. The schematic 
wiring diagram for this motor is shown 
in Fig. 4. This motor consists of a per- 
manent magnet rotor and an electromag- 
netic stator with two coils. Rotation is 
controlled by electrical means only by 
the use of shading coils. 


Gear Reduction Units: One of the most 
important assets to the timing motor as 
a basic motor drive mechanism is the 
selection of the proper gear reducticn 
unit. By using a gear reduction unit, the 
very low torque available from the rm- 
tor of the timing motor can be converted 
to useful power. 

A pear-shaped gear cup, Fig. 5, offers 
maximum space efficiency for maximum 
reduction. The pinions are hollow with 
stationary shafts and the pinions are at- 
tached directly to the wheels. This per- 
mits great freedom in selection of gear 
train ratios. 

A servo-type gear head is shown in 
Fig. 6. This gear head, however, is not 
of the very high-precision servo class, 
but is patterned after the hollow-pin- 
ioned type illustrated in Fig. 3. 

Gear reduction units in timing motors 
have to be considered with care in the 
application. Because of their small size, 
they are limited in torque and usually 
have to be held below 100 oz-in. When 
a gear reduction of several hundred thou- 
sand to one is installed on a motor with 
only 0.001 oz-in. rotor torque, the rotor 
torque is amplified to several hundred 
ounce-inches at the output shaft. This 
loading can damage not only the gear 
train but mechanisms attached externally. 
For this reason, a friction-type clutch is 
often installed in the gear train to pre- 
vent such damage. 


Characteristics 


Although the principles of the various 
timing motors described differ consider- 
ably, the basic mechanical construction 
of the motors follows a somewhat similar 
pattern. Nearly all timing motors em- 
ploy finely polished, hard-steel rotor 
shafts. In many instances, they are made 
out of stainless steel to limit corrosion, 


<@&Fig. 7—Principal parts of hysteresis tim 


ing motor. 


Macuine Desicn—Tue Execrric Moror Book 








SERBBEGHARBESE ESEBSRBZBES TE : 


"Ee. 


fr"? o* 


TH 8 Bgg 


§ & 


SSAGRREFSE2G 


= 


af. 


1961 








s de 
ction 


ingle 


most 
ir as 
ction 
, the 


ffers 


nou- 


otor 
ired 
his 
year 
ally. 
1 is 


im- 


OK 





and are hardened to minimize wear. The 
bearings are either of the ball-bearing 
type, or sleeve bearings of porous bronze, 
nylon or Teflon. Fig. 7 is a cutaway 
view of a typical motor. This motor em- 
ploys a hardened stainless steel shaft, 
yacuum-impregnated porous bronze bear- 
ings, and an oil storage wick. It is not 
uncommon for a motor like this to op- 
erate in excess of one continuous year 
under full load. 

The mounting of the timing motor is 
very important and it should be securely 
attached. Most motors are mounted with 
either two screws or in a servo mount. 
The servo mount is completely inter- 
changeable in complex systems, permit- 
ting easy repair or change. This mount, 
pioneered by the military, is being used 
more frequently in commercial and in- 
dustrial applications. 


Power Supplies 


A very important consideration in the 
selection of the synchronous ac motor 
is the type of power supply available. 
The hysteresis motor operates best from 
a power supply with a sinusoidal wave 
shape output. If there is too much dis- 
tortion, more than 5 per cent, the mo- 
tor can suffer drastically in decreased 
power output, possible loss of synchro- 
nous speed, and overheating. 

Because of its magnetic rotor charac- 
teristics, an inductor motor will operate 
from supplies with rather complex wave 
shapes with low resulting torque de- 
terioration, loss of synchronous speed, or 
overheating. In fact, synchronous induc- 
tor motors operate satisfactorily from a 
square wave input. Today, with the very 
high degree of accuracy to which ac 
signals are held throughout the country, 
ac motors are accepted as being extremely 
accurate machines. There is, however, a 
trend toward the use of inverters. These 
inverters are made to convert a dc volt- 
age into an ac signal. Their output is 
usually a square wave. 


DC Motors 


Some of the unique advantages of a 
de timing motor which may dictate its 
choice are: 

Reversibility: Usually can be reversed 
by changing the polarity of the ap- 
plied voltage. 

Variable Speed: With light torque loads, 


a speed range of 10 to 1 can be. 


obtained by varying the applied volt- 
age. Linearity between speed and 
voltage of plus or minus 10 per cent 
can be obtained. With heavier loads 
the speed range would be limited 
to 5 to 1 or less. 

High Starting Torque: In contrast with 
ac synchronous motors where the 
Starting torque is frequently ‘ not 
much more than the running torque, 
de motors have from three to eight 
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times the running torque available 
for starting. For operation at —55(C, 
when the lubrication on gears may 
have solidified, and the break-away 
torque may be two to four times 
room temperature requirements, this 
is a very valuable asset. 

Efficiency: De timing motors have ef- 
ficiencies in the range of 30 to 60 
per cent. Synchronous motor effi- 
ciency may be as low as 5 per cent 
or lower. 

Inertia Loads: Certain types of syn- 
chronous ac motors have difficulty 
starting under high inertia loads. 
These loads do not present any prob- 
lem to de motors. 


Speed Variation Limitations 


The speed of a permanent-magnet dc 
motor varies proportionally with line volt- 
age and torque load. In an aircraft power 
supply, the de voltage may vary from 20 
to 30 v. For a constant load, this would 
result in 50 per cent greater speed at 
the upper voltage level, as compared to 
the speed at the low voltage end. 

Frequently the torque loading is as- 
sumed relatively constant and, therefore, 
will not result in a wide speed varia- 
tion. In practice, however, many loads 
are subject to wide variations resulting 
from environmental conditions. For ex- 
ample, a gear train having seven meshes 
with an efficiency of 95 per cent per 
mesh at room temperature would have 
an over-all efficiency of 70 per cent. At 
a temperature of -—55C, the efficiency 
per mesh might drop to 85 per cent. 
This would result in an over-all effi- 
ciency of 48 per cent. Thus, the torque 
load which the motor senses would have 
changed by almost a factor of two. The 
reverse may occur at certain gravita- 
tional force leveis and frequencies of vi- 
bration; the friction may appreciably de- 
crease. For these reasons, conservative de- 
sign is generally based on the speed 
change that would result in going from 
no load to the maximum possible load. 

Hence, de motors by themselves are 
usually only practical where speed toler- 
ances of plus or minus 10 per cent or 
greater are permissible. When closer tol- 
erances are required, some type of gov- 
ernor must be used. Direct-current gov- 
erned motors are discussed later in this 
chapter. 


Types 


Basic elements of a dc motor are a 
stationary magnetic field, a rotor and a 
commutator. These elements are the same 
for all de timing motors. 

The rotor consists of a series of winds, 
angularly displaced. Each wind is suc- 
cessively energized by means of the com- 
mutator. The placement of the rotor rela- 
tive to the stationary magnetic field is 
such that it combines with the magnetic 
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field created by energizing the winds. 
Hence, a torque tending to rotate the 
rotor is created. Although these basic ele- 
ments remain the same, there are a 
number of variations in the arrangement 
of these elements which are unique to 
certain timing motors..Some of the more 
common designs developed to meet spe- 
cific needs of the timing field are de- 
scribed here. 


Hollow-Rotor Motor: The arrange- 
ment of the basic elements in this motor 
are radically revised from conventional 
arrangement to obtain certain unique ad- 
vantages for timing applications. 

Cons \ucTion: The cutaway view, Fig. 
8, shows the basic construction. The 
permanent magnet is stationary and lo- 
cated in the center of the rotor. The 





Fig. 8—Hollow-rotor dc timing motor. 


housing is soft steel and provides the re- 
turn path for the magnetic flux. The 
rotor cage consists of a hollow thin-wall 
shell which is made of nonmagnetic ma- 
terial. The rotor coils are wound on this 
cage and terminated at the commutator. 
The retating member consists only of a 
hollow shell, the windings, shaft and 
commutator. 

Apvantaces: The advantages of this 
construction for timing motor applica- 
tions are: 

1. Low rotor inertia. 

2. Diameter of the rotor is relatively 
large, compared to the OD of the 
motor. resulting in greater torque 
at lower rotor speeds and produc- 
ing longer brush, commutator and 
bearing life. 

3. Cogging is eliminated, since there is 
no slotted iron core. This results 
in lower starting voltages, smoother 
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Fig. 9—Printed-circuit 
motor armature. 





Fig. 10—Cordless clock motor. 





starting and running. Low-voltage 
starting is important for adjustable- 
speed drive applications. The lower 
limit of the voltage range over which 
the motor will operate is determined 
by this factor. Low-voltage starting 
is also important on governor ap- 
plications where a fail-safe resistor 
is used across the contacts. 

4. The cage is generally aluminum and 
revolves through the magnetic field, 
providing eddy-current dampening. 
Since this dampening force is pro- 
portional to speed, it flattens out 
the speed-torque curve and provides 
@ more constant speed motor even 


under load variations. The alumi- 
num cage also provides a certain 
amount of temperature compensa- 
tion. In the cold, for example, the 
resistance of the winding decreases, 
resulting in a speed increase when 
no compensation is provided. How- 
ever, when an aluminum cage is 
used, the lowered resistance of the 
cage increases the dampening force 
which tends to lower the speed. 
Where high efficiency is very im- 
portant and speed regulation can 
be sacrificed, an Inconel cage is 
used. The high resistivity of the In- 
conel reduces the eddy currents. 
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Fig. 11—Schematic of 
transistorized dc motor. 
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Printed Circuit Motor: This new mo- 
tor design also has an armature without 
any iron to complete the flux path. 

Consrruction: The armature is a flat 
plastic disk with the conductor photo- 
etched directly on it, Fig. 9. The brushes 
bear directly on these conductors; hence, 
a separate commutator is not required. 
For a given power rating, the rotor di- 
ameter is relatively large, resulting in 
very wide pole faces. This requires a large 
volume of Alnico to create the necessary 
magnetic field. In addition, the winding 
is severely limited by the number of 
effective turns that can be printed. This 
limits the upper voltage limit that this 
motor can be designed to meet. 

Apvantaces: However, within these 
limitations, this motor has some very sig- 
nificant advantages. 

1. Low armature inertia. 

2. Very low armature reactance: This 
results from the fact that there is 
no iron in the armature. 

3. No cogging, smooth torque. 

4. High-temperature operation: Con- 
ductors dissipate heat readily and are 
well separated. 


Cordless Clock Motor: This motor, 
Fig. 10, is similar to the printed-circuit 
motor in that the rotor is a flat disk of 
nonmagnetic material. The armature has 
three wound coils embedded in the ro- 
tor and connected in a Y-connection to 
a three segment commutator. The main 
difference between this and the printed 
circuit motor is the number of turns 
that can be obtained using wound coils. 
This permits operation at much lower 
power levels. 

Transistorized DC Motors: Since the 
commutator and brushes are generally the 
limiting factors in the life of DC motors, 
various attempts have been made to elimi- 
nate this vulnerable element. A typical 
design is the Brailsford TR motor, Fig. 11. 

In the Brailsford brushless motor, a 
four-pole, permanent-magnet rotor is sup- 
ported between two field coils. Pole 
pieces of soft iron are positioned eccen- 
trically with respect to the coil assembly. 
Hence, when the rotor is at rest, its mag- 
netic gxis is inclined at an angle to the 
axis of the two coils. The starter mecha- 
nism, mounted on the rotor shaft, con- 
sists of two pivoted flat weights. To each 
weight is attached a contact pin. A hair 
spring bears against the pins so that, in 
the static position, they are displaced out- 
ward from the shaft and in contact with 
four fixed spring brushes. In this posi- 
tion, the contacts complete a circuit from 
one pair of brushes or the other. When 
current is applied, a circuit is completed 
through one of the coils, starting the ro- 
tor. In the starting phase, both coils act 
as running coils and the rotor receives 
four impulses per revolution. When the 
rotor reaches a speed of about 1000 rpm, 
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centrifugal action on the starter mecha- 
nism causes the contact pins to move in- 
ward toward the rotor axis and out of 
contact with the brushes. When this oc- 
curs, alternating voltage from the signal 
coil is applied to the base of T,, causing 
it to alternately become conducting and 
nonconducting, in phase with the rota- 
tion of the rotor. T, controls the running 
current. It is normally biased negative 
through R, The phasing and polarities 
are such that when T, conducts, T, is 
biased nonconducting. Hence, a series of 
current impulses in phase with the rotor 
are applied to the running coil. In the 
running position, there are two power 
impulses per revolution. 


Functional Elements 


Performance limitations and possibilities 
of de motors are dependent upon the 
basic elements which comprise it. 


Field: The stationary magnetic field of 
conventional large motors is generally 
from a field coil. In shunt motors, this 
field coil is connected directly across the 
line, and the magnetic field is quite con- 
stant, varying only with the line voltage. 
In series motors, the field winding is in 
series with the armature, and the mag- 
netic field increases as more current is 
drawn. 

in most cases timing motors use a 
permanent magnet field which is fairly 
constant over the operating range. Since 
the speed varies inversely as the field in- 
tensity, it is important to maintain a 
constant field to obtain constant speed. 
Alnico magnets do not age appreciably, 
if initially they are slightly demagnetized 
from the fully magnetized condition. They 
are also relatively constant over the tem- 
perature range of —55 to 100C. On the 
other hand, ceramic magnets are not as 
constant over temperature range but are 
cheaper. The demagnetizing effect of 
stray ac field on the magnet and the 
effect of stray field from motor on nearby 
equipment must often be taken into ac- 
count with permanent magnet fields. 


Brushes and Commutator: This unit is 
the main Achilles’ heel of the de motor. 
Almost all the important limitations on 
performance are in some way related to 
the mechanical wear, the arcing, and non- 
conductive films of the brushes and com- 
mutator. 

Lire: Brushes are the main wearing 
part and, on small timing motors, are 
usually not replaceable. Brush wear results 
from both mechanical wear and electrical 
arcing. The two are related to brush 
Pressure as follows: Heavy brush pressure 
lowers electrical wear from arcing but in- 
creases mechanical wear. There is, there- 
fore, a definite cptimum point which will 
produce maximum life. 

RF Noise: The abrupt current inter- 
tuptions caused by commutation create 


considerable radio noise and, to meet 
many specifications, an RF filter is fre- 
quently required. 
ReEvIABLE STARTING: 
on the commutator during long periods 
of shelf life can create starting failures, 


Film formations 


particularly in corrosive atmospheres. 
On voltages below 6 volts, this probiem 
becomes more pronounced and silver com- 
mutators are usually used. 

AvtrrupeE: Low rates of brush wear 
depend on the formation of a film on the 
commutator. At the low pressures en- 
countered in high altitudes there is not 
sufficient moisture to form this film. 
High-altitude brushes overcome this prob- 
lem to an extent by creating a film on 
the commutator. However, they do not 
give good performance at sea level. 

ExpLosive ATMOSPHERE: Commutator 
arcing usually necessitates explosive-proof 
housings. 

VisraTion, SHOCK AND Exrernat Ac- 
CELERATION: The relationship of the 
weight of the brush to the spring con- 
stant of the brush spring determines the 
maximum G level at which the brush 
will leave the commutator. For most 
military applications, this results in a 
much higher brush force than optimum 
wear design would indicate. 

Brush Wear Paarticres: In_ totally 
enclosed motors and systems, disposing of 
the brush wear particles cannot be done 
as efficiently as in a large open-frame 
construction. As a result, these fine par- 
ticles often find their way to the bear- 
ings, and particularly in the case of ball 
bearings, can cause premature failure. 


Armature: The magnetic structure of 
most conventional dc timing motors is 
laminated from stampings of a magnetic 
steel. The number of laminations stacked 
together and the wind (wire size, class of 
insulation, and number of turns) are 
usually varied to meet specific require- 
ments. 

The wire sizes that can be handled 
dictate the voltage range that motors can 
be designed to meet. The upper limit is 
determined by the winding machine. If 
too fine a wire is used, breakage occurs 
so frequently that production costs become 
prohibitive. This sets the upper voltage 
limit. On the other end, too heavy a 
wire cannot be formed to the required 
bend radius. This determines the lower 
voltage limit. 

The torque-to-inertia ratio influences 
the armature design, and determines the 
time required for the motor to reach oper- 
ating speed. Generally the time is short- 
ened by reducing the armature diameter 
at the expense of length. 

Cogging, which influences low-voltage 
starting capabilities, and oscillations on 
the rotor shaft are reduced by increasing 
the number of slots and tilting them with 
a small helix angle. 
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Bearings: Ball bearings are usually re- 
quired for speeds above 3000 rpm. Below 
this speed range, sleeve bearings are ade- 
quate. Since bearings are usually mounted 
in separate housings which cannot eco- 
nomically be line bored, it is best to have 
self-aligning bearings. Also, for long-life 
applications, a reservoir for the lubricant 
is necessary. 

Lubricants: The choice of lubricants is 
restricted by a wide spread in temper- 
ature requirements. Silicone lubricants 
have the least viscosity change over a 
wide temperature span and are usually 
chosen. 


Mounting and Output Shaft Drives: 
Most timing motors are flange mounted 
and are provided with a pilot to locate the 
output shaft. When a gear drive is to be 
used, the class of gearing determines the 
permissible eccentricity of this pilot, the 
tolerance on its diameter, and the runout 
of the shaft. A flexible coupling would 
alleviate most of these requirements, but 
usually there is not sufficient space avail- 
able to accommodate it. 


Power Supply 


The power supply for a motor is fre- 
quently overlooked when specifying a mo- 
tor for a particular application and, as a 
result, requirements that are essential are 
not specified. 

Since speed varies with voltage, it is 
important to determine the minimum 
and maximum voltages from which the 
motor will be expected to operate. Also 
important is the internal resistance of 
the power supply (referred to as voltage 
regulation). If this is large enough to 
cause any appreciable voltage drop when 
the motor is drawing the current required 
to carry its full load torque, then there 
will be an appreciable degeneration of the 
speed regulation. 

The same considerations apply if full 
starting torque is to be obtained. In this 
case, the current may be three or four 
times the running torque current, so that 
the internal voltage drop would be much 
more pronounced. 

The voltage for specification is taken 
at the “terminals of the motor, not the 
power ‘source, so that any transmission 
loss is included as the internal resistance 
of the power supply. 

These considerations apply to all power . 
supplies. However, the particular power 
source will have characteristics that are 
peculiar to it and should be taken into 
account. 


Generators: Most generators are subject 
te considerable overvoltage shoots, (two 
to three times their nominal voltage is 
common) particularly when starting up 
before the regulator of the prime mover 
has taken over. For governed motors, it 
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lose control for the short period during 
the overvoltage, but usually it is required 
that the governor regain control when 
the voltage returns to within normal 
limits. Some governors cannot meet this 
requirement, particularly under no load 
conditions. 

The power supply may generate tran- 
sient voltages as well as overshoot. These 
should be taken into account in specify- 
ing insulation resistance and dielectric 
breakdown; not only of the motor, but 
any RF filter capacitors used in conjunc- 
tion with it. 

If these transients become sizable in 
voltage, duration, and frequency, they can 
be a factor in determining the brush life 
of the motor or the contact life of the 
gove:aor. If these conditions prevail, life 
tests of the motor under actual operating 
conditions should be required if operating 
life is at all critical. Military Specifica- 
tion MIL-E-7894A (ASG) covers many of 
these cousiderations. 


Battery Supply: No overvoltage is pos- 
sible and governor requirements can be 
relaxed when batteries are used. Usually 
battery life is the prime consideration, 
and if optimum design is to be achieved, 
a balance has to be obtained between: 

1. The lower the voltage is permitted 
to drop on the battery, the more 
ampere-hours can be extracted from 
it. 

2. The wider the voltage range of the 
de motor (governed or non-governed), 
the lower the average efficiency. 
Lower efficiency results in increased 
current drain, which cuts down the 
life of the battery. 





Rectified Ac: Transient and overshoot 
considerations are the same as for gen- 
erators. In addition, the per cent ripple 
of the base frequency should be taken 
into account. This will cause additional 
heating of the rotor and additional cur- 
rent through the motor brushes and gov- 
ernor contacts. 

Another consideration for rectified pow- 
er supplies is the use of a large induct- 
ance for filtering purposes. This is im- 
portant for governed motors, which de- 
pend on contacts to regulate the flow of 
current to the rotor. If the energy from 
a heavy inductive field of a large choke 
coil is discharged across the contacts, life 
is appreciably reduced. For this reason, 
full-wave rectification is preferable to 
half-wave rectification. Ripple should be 
reduced to some reasonable value, such 
as 5 to 10 per cent and series inductance 
minimized. 


Motor Characteristics 
Operating characteristics of de timing 


motors are obtained from formulas for 
de shunt motors, in which a permanent 
magnet field is substituted for the elec- 
tromagnetic field. 


Torque, Speed and Voltage: Torque is: 
T= Ki,¢ (1) 


where T = torque at rotor; K = Constant 
(depending on number of poles, number 
of conductors and choice of units}; Ia = 
armature current; and ¢ = flux entering 
one pole. 


Since flux for a given permanent mag- 
net motor is fixed, torque becomes propor- 
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tional to current and is independent of 
voltage and speed. Of course, the torque 
obtained from Equation 1 is the total 
torque which the rotor generates: Internal 
friction from bearings, brushes, and wind- 
age, as well as the externally applied load. 


Speed is obtained from: 
K2(V —1,R 
so (2) 
¢ 
where S = speed; V = applied dec volt- 
age; Ra = armature resistance; and Kz = 
constant for a given motor. 


For a permanent magnet motor, flux 
and armature resistance are constant. 
Hence, the following simplified relation- 
ships exist: 

1. Under no-load conditions, JaRa 
equals zero and speed is proportional 
to voltage. This is an important re- 
lationship for timers, since the gear 
ratio from the rotor to the output 
shaft is usually very large. This fre- 
quently reduces the torque at the 
rotor to a negligible value and, there- 
fore, the speed is proportional to 
voltage. 

2. When the torque loading results in 
appreciable current flow, then the 
vultage drop, IaRa, becomes large and 
there is a drop in speed. These re- 
lationships are most conveniently 
handled in the graphical form. 

Fig. 12 is a graphical representation of 
Equations | and 2, relating speed, torque, 
and current. In phantom, the curves are 
extended to the point of zero torque at 
the rotor (no external losses). The cur- 
rent here is zero and the speed reaches 
the maximum possible speed for this par- 
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ticular voltage. 

Two loading effects are illustrated. 
Load A has resulted in only a small drop 
in speed and small increase in current. 
This is the ideal situation for timers, 
since variations in loading, which are 
bound to occur under different environ- 
mental conditions, would not appreciably 
affect the speed. Load B is too heavy 
a load for good speed regulation. 

In Fig. 13, two curves have been added: 
Power output and efficiency. These have 
both been derived from the two original 
curves. Power output is derived from 
torque times speed. The efficiency is de- 
rived by dividing the output by the input. 
The power input is the voltage times the 
current. 

The curves, Fig. 13, give the following 
relationships: 

1. The maximum power output that 
can be obtained from a given motor 
at a given voltage occurs at 4 the 
stall torque. The speed at this point 
is 1% the no load speed and the ef. 
ficiency is about 2/3 of the maximum 
efficiency. 

2. The maximum efficiency is at about 
1/3 the stall torque and the speed 
has dropped off about 30 per cent 
from the no load speed. This is of 
interest for battery applications where 
power has to be conserved. 

The curves, Fig. 12 and 13, have all 
been taken at a fixed voltage. One more 
curve, the speed-voltage curve, Fig. 14, is 
fequired to fully describe a motor. 


Temperature Rise: Power capabilities of 
any given motor size could be increased 
by using a wind of fewer turns but larger 


diameter wire. This results in lower ar- 
mature resistance and effectively more 
ampere-turns for a given voltage. It also 
increases the no load speed. Fig. 15 il- 
lustrates this fact for two winds of the 
same motor. The limiting factor is the 
permissible temperature rise. A given 
motor size can dissipate just so much 
power before the temperature rise be- 
comes excessive. 


Environmental Factors 


Vibration 

Consideration should be given to cer- 
tain environmental factors when selecting 
a timing motor. 

Mountinc: Sturdy design is required, 
since flange-mounted motors are over- 
hung loads which can have a high am- 
plification factor. 

Enp SHake oF Rotor: The rotor is gen- 
erally a heavy mass, and excessive end- 
shake would be very detrimental at reso- 
nant vibration frequencies. 

BrusHes: The spring-force to mass 
ratio should be many times the gravita- 
tional force level of the vibration. 


Temperature 

Enp SuHaxe: Requirements are. oppo- 
site to those of vibration. Allowance has 
to be made for uneven thermal expansion 
of parts. 

LusricaTion: Viscosity changes of lubri- 
cant have to be taken into account. 

Crass oF Insucation: The insulation 
has to be adequate for maximum tem- 
perature rise of motor plus the maximum 
ambient temperature. If the motor is used 
in an enclosed housing, there will be a 
temperature rise inside the housing from 


the heat dissipated by the motor plus any 
other heat generating devices. 

Duty Cycre: The temperature will 
be lowered by a favorable duty cycle, pro- 
vided the cycle time is over several min- 
utes. The high current drawn on starting 
will cause additional temperature rise if 
the frequency of stopping and starting 
is too great. 

Salt Spray and Humidity 

Suitable metals and enclosures are re- 
quired for these purposes. For severe re- 
quirements, the only effective answer is to 
hermetically seal the entire unit. 


Governed DC Motors 
As mentioned previously, the speed of 


the de timing motor varies with line 
voltage and load torque. Many of the 
causes of voltage variations have been 
discussed. To obtain a more constant 
output speed, many mechanisms have 
been devised. 

The two principal types of governor in 
common, use are the centrifugal governor, 
and governors which use as the controlling 
element a mechanical or electrical oscilla- 
tor. The centrifugal type maintains ac- 
curacies of plus or minus | to 10 per cent, 
depending on design, environmental con- 
ditions and voltage and load range. The 
oscillator types are capable of accuracies 
of plus or minus 0.1 per cent or better. 
Both of these systems are usually on-off 
controlled, rather than proportionally con- 
trolled. There is an advantage in dc mo- 
tors in using on-off controls: During the 
on period, full voltage is applied to the 
motor and there is very little power loss. 
However, an inherent disadvantage in 


145 
































ical chronometric- 


timing motor. 


Fig. 16— 
Ba ce. 


the on-off control is that it produces shaft 
oscillation and RF noise. 

Where contacts are used as the means 
of breaking the motor circuit, the many 
thousands or millions of contact opera- 
tions required to produce a reasonable 
life become a serious factor. Contact erro- 
sion is usually the limiting factor on ac- 
curacy and life. 


Centrifugal Governors: Centrifugal gov- 
ernors generally consist of spring-loaded 
contacts that are normally closed. When 
rotated, a speed is reached where the cen- 
trifugal force created by the mass of the 
contacts is sufficient to overcome the 
spring force and open the contacts. Con- 
nection to these contacts is generally made 
through a pair of slip rings. Some of the 
many variations of this basic principle are 
described: 

1. A pair of contacts is sometimes used 
to open the rotor wind in two places. 
This ejiminates the need for slip 
rings. 

2. Instead of two separate slip rings, a 
single slip ring that has been slit in 
half, is used. Each contact is con- 
nected to one half. This reverses the 
current through the contacts with 
every revolution of the shaft, result- 
ing in less contact wear. 

3. Both leaves of the contacts se 
weighted and spring loaded and thus 
tend to separate a greater distance. 
This system is more resistant to vi- 
bration and shock, since external 
forces tend to influence both contacts 
in the same direction and centrifugal 
force tends to move the contacts in 
opposite directions. 

Some of the advantages of centrifugal 
governors are: Small size, relatively in- 
expensive, and low power consumption 
about equal to that required for their slip 
rings. 

Some of their disadvantages are: Life 
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limitations on the contacts, changes in the 
governing speed due to contact errosion, 
changes in governing speed due to plastic 
creep of the insulation mounting base. 
Where slip rings are used, mechanical 
power is consumed and a voltage drop 
results. Also, they are generally unrelia- 
ble on low-voltage systems due to the 
voltage drop in the slip rings and contacts. 


Time-base Oscillating Control: This 
system compares the frequency of an 
oscillator with the speed of a motor and 
makes corrections as required. The oscil- 
lator may be a tuning fork, a crystal, a 
relaxation type, a balance wheel and hair 
spring, or a vibrating reed. The pick off 
from the motor may be an ac generator, 
an inductor pulse generator, or cam oper- 
ated contact. 

The principle of the control circuit is 
generally based on phase shift. Two es- 
sential factors must be present: 1. As the 
load on the motor increases, the phase 
shift between the signal from the motor 
and the signal from the oscillator in- 
creases. 2. As the phase shift increases, the 
amount of current fed to the motor in- 
creases until it is sufficient to carry the 
load. Hence, the oscillator and the mo- 
tor never get out of step: The motor 
always makes a fixed number of revolu- 





tions for every cycle of the oscillator. 

Curonometric GOvERNED Moror: A 
typical time-base oscillator is the chono- 
metric governors, Fig. 16. The oscil- 
lator consists of a hair spring and balance 
wheel, which receives periodic impulses 
from the motor to maintain it in oscilla. 
tion. 

In operation, the normal operating 
speed of the motor, when connected di- 
rectly across the line, is well above the 
governing range. The motor is main- 
tained at its governing speed by periodic 
pulses produced by opening and closing a 
set of contacts. The closing of the con- 
tacts occurs at a constant beat rate de 
termined by the ratio of the inertia of the 
balance wheel and the spring constant of 
the hair spring. The interval between 
the closing and opening of the contacts 
is long or short depending on the current 
required to drive the load at the particular 
applied voltage. 

The accuracy of this system is better 
than 0.1 per cent. It is entirely dependent 
on the constancy of the beat rate of the 
balance wheel. 

Corpiess Crock Moror: This motor 
uses a form of the time-base oscil- 
lator similar to the chronometric gov- 
erned motor. There are two main differ- 
ences: The rotor design, and the method 





The most important consideration in 
specifying « timing motor is the informa- 
tion that the user of the motor should 
supply to the manufacturer. Timing mo- 
tors often have been misapplied. This is 
primarily so because torque of timing 
motors is often considerably lower than in 
other motors. 

If reasonable care is taken in estimat- 
ing the different factors involved in the 
application, the motor manufacturer can 
provide the best motor for the applica- 
tion. The following ‘information should be 
specified to the manufacturer: 

Type of Device Driven: As complete 
and accurate a description as possible 
should be given, because the experience of 
the timing motor manufacturer may 

“4 allow him to spot troublesome areas. 

General Function and Requirements of 
Motor: Although it is a timing motor for 
a timing application, describe anything 
else that can possibly affect the operation 
of the motor. 

Power Supply: Specify nominal, low, 
and peak values, as well as frequency. 

Starting Torque Required: This is a 
very difficult figure to obtain. However, 
by applying basic principles of measure- 
ment, estimate the torque. An estimate 
of synchronous torque should also be 
made. 

Type of Dut;: Specify continuous, in- 
termittent, or cyclic. If it is intermittent, 
indicate what the duty cycle is, preferably 
in time ‘‘on’’ and time ‘‘off.’’ 

Rotation: Specify clockwise or counter- 
clockwise. This is normally specified look- 
ing at the shaft end of the motor. sa, 
specify whether or not it should 
reversible. If the motor will never be a 
reversibly, indicate unidirectional rotation. 

Shaft Type: Always try to use a stand- 

ard motor shaft. 7 


How to Specify Timing Motors 


kind of noise is objecticnable: Acoustical, 
electrical, 


Specify knuris, keyways, flats, holes, and 
indicate by a sketch the location and 
dimension of \ 

Type of Housing: This is important 
from a temperature-rise standpoint. For 
instance, if a torque problem exists, but 
the motor is going to be mounted on 4 
large aluminum plate, which is an ex- 
cellent heat sink, the motor manufacturer 
would provide a high-power motor in the 
same package size. 

Type of Bearings: If possible, don’t 
specify the type of bearing based on your 

tt experience with other motors. Leave 
it to the discretion of the motor manu- 
facturer. 

Mounting Position: t position will 
the motor be mounted rl If the motor is 
mounted vertically, is the shaft up or 
down? 

Motor Leads: If possible, try to use the 
standard motor-lead length. 

Ambient Temperature: What tempera- 
ture range will the motor be operating in, 
in what type of room will it be operat- 
ing. or will it be operating outside? 

Type of Coupling Device: Exactly what 
type of device will it be? Describe in de- 
tail. What type of a load does it exert? 
If it is an inertia load, how much time 
can be allowed to bring the motor up to 
speed? 

Size: Give as much freedom as possible. 
The smaller the motor, the more the cost. 
Try to avoid specials. 

Noise: If noise is mo problem, specify 
this. If it is a problem, indicate what 


etc. 


Magnetic 
radiation from the 

trouble? Indicate the nature of the 
problem. 

Required Delivery: Allow as much time 





needed, be sure to specify the di 
and the tolerance on the diameter. 





as possible. 
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Pian View 
Magnet and Field Ring 


Fig. 17—Governor arrangement 





Side View 


for cordless clock motor. 











of current interruption. Current interrup- 
tion is effected by lifting brushes from 
the commutator, so that a separate set of 
contracts is not required, Fig. 17. 

Orner Types: Two other types of 
time-base motors are used. The Accu- 
tron watch uses a timing fork which is 
maintained in oscillation by a transistor- 
ized electro magnetic drive. One other 
is a completely electronic unit which 
uses a crystal oscillator as the timing 
source. 


Stepper Motors 


Basically, a stepper motor is a device 
which responds to random dc square-wave 
pulses. The principle has been applied 
to relay devices for many years, and more 
recently motors have been developed 
along the same basis. The most recent 
introductions have been inductor-type 
motors which will respond to square 
waves. One particular type can actually 
be used with either sinusoidal alternating 
current or square-wave direct current 
pulses. 

Although primarily used as pulse count- 
ing devices, the advantages of such a mo- 
tor, when fed a precise rate of pulses, are 
significant. Used as pulse counting de- 
vices, stepper motors may actually drive 
& counter to record the number of pulses 
received or, in more sophisticated appli- 
tations, may position switches, synchros, 
potentiometers and the like. The posi- 
tioning is obviously a function of the 
number of pulses “added” or “subtracted.” 
Therefore, discrete reference points can 
be used without such problems as coast 
and duration of power application asso- 
ciated with motor drives. 

For timing purposes, the stepper motor 
will respond to pulses generated by a 
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pulse generator of any desired accuracy. 
Operation in this instance is almost iden- 
tical to synchronous operation except that 
a “train” of pulses is used rather than 
the consistent cycle of waves on an uw 
line. The result is the same. However, 
the rate can be varied with no deteriora- 
tion of motor operation, a problem en- 
countered with ac motors. 


The device being driven actually re- 
sponds to the number of pulses, rather 
than the duration of the applied signal. 
If some means is provided to either count 
the pulses generated or monitor the pulses 
to the motor, the anguiar rotation can be 
predetermined. It is necessary to know 
the angular rotation of the rotor per pulse. 
This is constant for any given motor type. 
Gear reductions allow great flexibility in 
choosing the output rotation needed for 
any application. 


The most noted stepper motor in 
the timing class consists of a modified 
inductor-type motor with a center-tapped 
winding. Two modes of operation are 
possible. In one mode, the center tap is 
negative, and positive pulses are alter- 
nately fed to one leg or the other of the 
winding. This produces rotation the 
same as if an alternating signal were im- 
pressed across the legs of the winding. 
The duration of the applied pulse is of no 
concern as long as it meets the minimum 
requirement. The second mode is ef- 
fected by applying a reduced, steady dc 
signal across one-half of the winding. 
Stepping is accomplished by applying the 
normal pulse across the other half of the 
winding. This technique simplifies con- 
trol circuitry significantly, but also re- 
duces the output torque of the motor. 


In another type motor, rotational direc- 
tion is established by shading one pole 


of an inductor motor, rather than by 
mechanical means. This makes it possible 
to couple two stepper motors together as 
one, having two electrical circuits. Re- 
versible rotation then becomes practical 
without the need for mechanical coupling 
of the rotors or motors. Reversibility is 
readily accomplished by applying pulses 
to the appropriate winding. Dual wind- 
ings and stator assemblies are used with 
a single rotor. Full torque is available 
in either direction, and the “add-subtract” 
operation involves only a choice of coil 
pulsing. The inductor-type stepper mo- 
tor does not lose its inherent synchronous 
characteristic and can be driven by ac 
for homing, slewing or rapid preposition- 
ing. 

This is valuable in many applications, 
particularly where rapid reset is needed, 
but the applications preclude the use of 
normal reset clutching mechanisms. This 
condition arises frequently in military ap- 
plications where vibration or shock could 
affect the clutch mechanism, or where 
safety and arming circuits demand that 
no reset occur until manually initiated. 

Use of the stepper motor is practical 
today for timing control. Elimination of 
mechanical couplings and simplified con- 
trol circuits will make it possible for 
stepper timing motors to replace both 
ac and dc timing motors in many appli- 
cations. They should not be considered 
a cure-all, however, as a pulse source is 
mandatory to their success. Many elec- 
tronic systems have this source built-in, 
and it is only necessary to tap it. On 
the other hand, few mechanical devices 
could benefit from a stepper control, un- 
less remote control functions or central 
station intelligence needs dictate the trans- 
fer of time or count data from isolated 
recording locations. 
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; LECTRIC motors presented in this Product Directory are classified ac- 
cording to application: General-purpose, definite-purpose, and special. 
General-purpose motors are divided into two major sections: Fractional- 

horsepower, Section 1, and integral horsepower, Section 2. Entries in each 

section are categorized according to electrical input and electrical type, and 
coded according to enclosures and mountings available. 

Definite-purpose motors, Section 3, are categorized according to NEMA- 
established applications listed in MG-1959, Part 7. Entries in each category 
are coded according to electrical input. 

Special motors, Section 4, are categorized according to the various types 
available, such as gearmotors, torque motors, servo motors, etc. This section 
also includes motor thermal protection devices, such as thermal-overload relays, 
and thermal-sensing devices. 
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General-Purpose Motors 
Fractional Horsepower 


telly a -HORSEPOWER motors listed in this section are designed 
conform to NEMA standards for general-purpose motors, or are built 
as @ Sar item. Often grouped under the broad title of “standard” motors, 
these motors include all fractional-horsepower motors designed and built 
without restriction to a particular application or type of application. 
Fractional-horsepower motors with special mechanical and/or elec- 
trical modifications are listed in Section 4, under Gear, Brake, Clutch, and 
Torque Motor categories. Fractional and subfractional-horsepower motors 
that have features, such as precision construction, low inertia, and special 
electrical characteristics, are listed in Section 4 under Instrument, Servo, 


and Timing Motor categories. 


Standard general-purpose fractional-horsepower motors are available 
in a multitude of enclosure and mounting combinations. Motors in this 
section are categorized according to electrical input and electrical type. 
Major categories include ac single-phase and polyphase, direct-current, and 
universal (ac-dc) motors. Each major category is subdivided by electrical 
type, and coded according to enclosures and mountings available. 


Ac Single-Phase 
Squirrel-Cage 


Squirrel-cage induction motors consist 
of a stator connected to a power source, 
and a rotor of squirrel-cage construction 
which carries induced current. These mo- 
tors are employed where a relatively con- 
stant but not synchronous, speed is de- 
sired. 

Single-phase squirrel-cage motors require 
a starting phase-displacement circuit to 
produce starting torque. 

Entries in this category are classified 
according to starting method. Each en- 
try carries a two-unit code consisting of 
letters and numerals. The letters indicate 
enclosure types: 

A. Open 

B. Dripproof 

C. Splashproof 

D. Totally enclosed, 

(TENV) 

E. Totally enclosed, fan-cooled (TEFC) 

F. Explosionproof 
The numerals indicate mounting types 
available: 


nonventilated 


1961 Edition 


1. Rigid base 

2. Resilient base 

3. Band mounted 

4. Flange mounted 
5. Face mounted 

6. Vertical mounted 


Split-Phase 


Alliance Mfg. Co., Lake Park Blvd., Alli- 
sa Ohio 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Fuller- 


=n Calif. 
D, F, 4,5 
as Electric Co., og Div., 4353 
can Ave., St. Louis, 


AB. C C, D, E, 1, 2's 486 


Barber-Colman Co., Small Motor Div., 
1300 Rock St., Rockford, Ill. 
A, 1, 4,5 
(See Ad, Pages 176 and 177) 


Bodine Electric Co., 2500 Bradley Place, 
ae pS Ill. 


(See Ad, Pages 158 and 159) 


1-—-GENERAL-PURPOSE MOTORS—FRACTIONAL 
B -B. Co. P. O. Box 
peta ay debe _ 
A B.D, E, F, 1, 2, 4,5, 6 


Conia Pas Co., 1806 Pine St., St. 
A, B, D, E, 1, 2, 3, 4, 5, 


» 2, 6 
(See Ad, Page 161) 


Doerr Electric Corp., 510 N. Fourth St. 
Cedarb Wis. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
Electric Indicator Co. Inc., Camp Ave., 
Stamford, Conn. 
A, 1, 4, 5, 6 
EMD Components Inc., 1410 E. 289th St., 
Wickliffe, Ohio 
A, B, C, D, 1, gm 
(See Ad, Page 155) 
The Emerson Electric Mig Co., 8100 Floris- 
sant Ave., St. Louis 36, Mo. 
A, B, D, 1, 2, 4,6 


ey Baus © Co. Inc., 400 E. Spring 
be» 
A, B,D, EL 2s, 4,5,6 
(See Ads, 


ages 163 and 164) 
General Electric Co, General Purpose Mo- 
, Ft. Way = 
B.D, F, 1, 2, 3, 4, 


General Electric Co., antl Motor Dept., 


Ft. Wayne, 

A, B, D, F, 1, 2, 3, 4, 5, 6 

General Motors Corp., Delco Products 
yt bee ¢ eee Ohio 
A, B, C, 1, 2, 3, 4, 5,6 


fir 
E 
i 


Globe Industries Inc., P. O. Box 101 North 
Pe Station, Dayton 4, Ohio 


(See Ad, Page 174) 
Holtzer Cabot Corp., 125 Amory St., Bos- 


joke & Heintz, Div. ef The er Corp., 
17627 Broadway, Ci hio 

vn uthon Electric hg. Corp, Rand 
Mar: ectri 

ate Piecee Mie, Co: Randel 
A, B, C, D, F, 1, 2.3, 4, 5,6 


Reliance Electric & Engi Co., 24701 
Euclid Ave., Cleveland 1 
A, B, C, D, E, F, 1, 245, 6 


Robbins & Myers inc., 1345 Lagonda Ave., 
Spri oO 


ngfield, Ohio 
A, B, C, D, E, 1,2.3,4,5 
one ag yet De, Westinghouse Electric 
A, B,D, F, 1,2, 4, 5,6 
Small Motors Inc., 2076 Elston Ave., Chi- 
cago 14, Ill. 
A, B, C, I, 2, 4, 5,6 
a Shh Conn, SRI. Fourth St., Tipp 
oy pe 2, 5,6 
A Smith Motor Div., 3533 N. 
th St. Mil ee 1, Wis. 
AB, D2, 45,6 
Seadend Meente Sy Co., Hoddon Ave., 


BOD, EE 1, 2, 3, 4, 5, 6 
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Transco Products Inc., 12210 Nebraska 
Ave., Los eles 25, Calif. 
B, C, D, E, F, 4, 5, 6 
(See Ad, Page 166) 
Universal Electric Co., Owosso, Mich. 
A, B, D, 2, 3, 5, 6 
(See Ad, Page 171) 
Wagner Electric Corp., 6400 Plymouth 
Ave., St. Louis 33, Mo. 


Resistance-Start 


Century Electric Co., 1806 Pine St., St. 
Louis 66, Mo 


A, B, DE 1,23, 4, 5, 6 
(See Ad, Page 161) 


Franklin Electric Co. Inc., 400 E. Spring 
St., Bluffton, Ind. 
A, B, D, E, I, 2, 3, 4, 5, 6 
(See Ads, Pages 163 and 164) 


General Precision Inc., Kearfott Div., 1150 

McBride Ave., Little Falls, N. J. 

A, B, C, D, E, F, I, 2, 3, 4, 5, 6 
Howard Industries Inc., Racine, Wis. 

A, B, C, D, 1, 2, 3, 4, 5, 6 

(See Ad, Pages 172 and 173) 

Reliance Electric & Engineering Co., 

Euclid Ave., Cleveland 17, Ohio 

A, B, C, D, E, F, I, 2, 4, 5, 6 
Standard Electric Mfg. Co., Hoddon Ave., 

West Berlin, wa 

A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
Valley Electric Corp., 4221 Forest Park 

Blvd., St. Louis 8, Mo. 

B, C, D, E, 1, 4, 5, 6 


Capacitor-Start 
Ashland Electric Products i? Son 


RDOELSUSE 


Baldor amis Co., Motor Div., 4353 Dun- 


con Are Louis, Mo. 
PET 2"3, 4. 5, 6 


A, B, D 
Brown-B Co. Inc., P. O. Box 


A, B, D, E, F, 1, 2, 4, 5, 6 
Century Electric Co., 1806 Pine St., St. 
Louis 66, Mo. 
A, B, C, D, E, 1, 2, 3, 4, 5, 6 

(See Ad, Page 161) 


Doerr Electric Tae 510 N. Fourth St., 


ew 
Bb, E E, F, 1, 2, 3, 4, 5, 6 


a Motors Inc., 1110 N. Lemon St., 
Anaheim, Calif. 
A, B, E, F, 1, 4, 5, 6 
Electric Indicator Co. Inc., Camp Ave., 
Stamford, Conn. 
A, I, 4, 5,6 
EMD Components Inc., 1410 E. 289th St., 
Wickliffe, Ohio 
A, B, C, D, 1, 2, 4, 5,6 
(See Ad, Page 155) 

The Emerson Electric Mfg. 
Florissant Ave., St. Louis 
A, B, 1,2,46 
Franklin ae fg Inc., 400 E. 
St., Bluffton, Ind. ering 
A, B, D, E, 1, 2, 3, 4, 5,6 

(See Ads, Pages 163 and 164) 


General Electric Co., General 

Motor Fr. Wa Ind. 

B, DE, F, 1, 2,4, 

Genera. Electric Co., Specialty Motor 
. Ft. Wa Ind. 

A. B.D, F, 1.2.3, 4, 5, 6 

154 


24701 


Co., 8100 
Mo. 


General Motors Corp., Delco Products 
Div., 329 E. First St., "ae 1, Ohio 
A, B,C, 1, 2, 3, 4,5, 6 

(See Ad, Page 175) 


General Precision Inc., Kearfott Div., 1150 
McBride Ave., Little Falls, N. J. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
Genisco Inc., 2233 Federal Ave., Los 


Holtzer Cabot Corp., 125 Amory St., Bos- 
ton 19, Mass. 

Howard Industries Inc., Racine, Wis. 
A, B, C, D, I, 2, 3, 4, 5, 6 

Howell Electric 4 Co., 409 N. Roose- 
velt, Howell, 
A, B, D, E, F, ’. % 4, 5, 6 

a ics Corp., Eastern Div., 570 


weet § yao oe 
ABE 1 


Jack & Heintz, Div. of The Si 
17627 Broadway, Cleveland, 
A, B, C, D, F, 1, 2, 3, 4,5 

ee Electric Mfg. ame "cinhiteh 

& Cherry Sts., Wausau, W 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 

Em Inc., 82 Sanford St., Hamden 
A, B, C, D, ort l, ett 

Reliance Electric & Engineering 
Euclid Ave., Cleveland 17, On 
A, B, C, D, E, F, I, 2, 4, 5, 6 

Electric Co., 3000 River Rd., 


vd Sas 


.» 24701 


Robbins & Myers Inc., 1345 Lagonda Ave., 
Springfield, Ohio 
A, B, C, D, E, I, 2, 3, 4, 5 

Robbins & Myers Inc., Hunter Div., 2500 
Frisco, Memphis, Tenn. 
ABLCDOL2S3 

Rota Components o 1560 Fifth Ave., 


Bay LE N.Y. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
Small Motor Div., Westinghouse Electric 
Corp., Lima, Ohio 
ABD, F, 1, 2,45, 6 
Small Motors Inc., 2076 Elston Ave., Chi- 
cago 14, Ill. 
A, B, C, 1, 2, 4, 5,6 
* —- ate 531 N. Fourth St., Tipp 
KE, D. D, E 1, 2, 3, 4, 5, 6 
A. O. Smith Corp., Motor Div., 
27th St., Milwaukee 1, Wis. 
A, B, D, E, 1, 2, 4, 5, 6 
Standard Electric Div., Standard Dayton 
., Box 1001, Dayton, Ohio 
A, B, C, D, 1, 4, 5, 6 
—— 4 Mfg. Co., Hoddon Ave., 
West Berlin, N. J. 
ABO D, E, F, 1, 2, 3,4,5,6 


Sterli away Motors ag Subsidiary 
of Hathawa Inc., 5401 


Teleraph Fd Los Angeles 22, Calif 
A, B, C, D, E, 1, 4, 5, 6 


Valley Electric Corp., 4221 Forest Park 

Blvd., St. Louis 8, Mo. 

B, C, D, E, 1, 4, 5, 6 

ag erry Corp., 6400 Plymouth 
ve., St. Louis 33, Mo. 

A'S, DEF 12 


Permanent-Split Capacitor 


Ais Bintne Drees Sop, PD Rayon fee. 
Amityville, L. L, N. Y 
A, B, C, D, E, F, I, 3, 4,5, 6 

(See Ad, Page 170) 


3533 N. 


yy ee 


m4 


American Electronics Inc., Electro-Mechan. 
ical Div., 1596 E. Ross Ave., Fullerton, 
Calif. 

D, F, 4, 5 

Baldor Electric Co., ag Div., B53 
Duncan Ave., St. Louis, Mo 
A, B, C, D, E, I, 2, 3, 4, 5, 6 A 


(See Ad, Pages 176 and 177) 


Bodine Electric Co., 2500 Bradley Place, 
Chicago 18, Il. 
A, I, 2, 6 
(See Ad, Pages 158 and 159) 


Bowmar Instrument Corp., 8000 Bluffton 
Rd., » Wayne, Ind. 


4, 
Century a Co., 1806 Pine St. & 


66, M 
A, B, D, ET, 2, 3, 4, 5, 6 
(See Ad, Page 161) 


Doerr Electric Ta 510 N. Fourth St, 
Cedarburg, 
A.B, C.D, EE, 1, 2, 3, 4, 5, 6 
Eicor Div., Indiana General Corp., 5I7 
. Walnut Oglesby, Ill. 
A, B, C, 1,4 
Electric Indicator Co. Inc. Camp Ave, 
Stamford, Conn. 
A, 4, 5, 6 
Electric Motors & Specialties Inc., King & 
Hamshen Sts., Garrett, Ind. 
mn Case Inc., 1410 E. 289th St, 
m ts Inc., 14 
Wiki P‘Ohio 
, 1, 2, 4, 5, 6 
(See Ad, Page 155) 


The Emerson Electric Mfg. Co. 810 
Florissant Ave., St. Louis 36, Mo 
A, B, D, 1, 2, 4 
Fasco Industries Inc., 255 N. Union St, 
Rochester 2, N. Y. 
A, D, 1, 2,5 
(See Ad, Page 169) 
Franklin Electric Co. Inc., 400 E. Spring 


St., Bluffton, Ind. 
A, B, D, 1, 2, 3, 4, 6 


(See Ads, Pages 163 and 164) 
General Controls Co., Industrial Div., 801 
| Ave., Glendale 1, Calif. 


Genere! aes > ay Purpose Mo- 
tor Date t. Wayne, ’ 
A, B, D, E, 2, 3, 6 

General Electric Co., Specialty Motor 


.. Ft Wayne, Ind. 
ABD, 1, 2, 3, 4, 5, 6 
The General Industries Co., Olive & Tay- 
lor aes Elyria, Ohio 


(See Ad, Page 157) 


General Motors Corp., Delco Products 
Div., 329 E. First St., Dayton 1, Ohio 


A, 2,3 
(See Ad, Page 175) 


General Precision Inc., Kearfott Div., 10 
te Ave., Little Falls, N. J. 
A, B, = D, E! F, 1, 2, 3, 4, 5, 

Genisco Inc. 2233 ‘Federal Ave., Los An- 


if. 
C, 1, 4, 5, 6 
Globe Industries Inc., P. O. Box 101, North 
Dayton Station, Dayton 4, Ohio 


(See Ad, Page 174) 


Holtzer Cabot Corp., 125 Amory St., Bos 
ton 19, Mass. 
A, D, E, F, 1 »4,5 


Macuine Desicn—TuHe Execrric Motor Boor 








ffton 


810 


| St, 


otor 








1—GENERAL-PURPOSE MOTORS—FRACTIONAL 


NEW MOTOR DESIGN FOR 
NEW DESIGN POSSIBILITIES 


SMALLER DIAMETERS 


provide new product design freedom. The com- 
ponents shown at left are rated at 20 h. pokes but are 
only 5%.” stator O.D., by 1944” stack length 

po CLOSED-BORE motor or components of 
smaller horsepower allow proportionately smaller 
diameters. 








RELIABLE ENCAPSULATION 


Cones ehclosed cell slots are the secret of 
reliable epox xy encapsulation of the unique EMD 
CLOSED-BORE design. Even under severe heat- 
ing during prolonged locked rotor tests, the 
epoxy won't swell into the bore, or distort bore 
concentricity. 


core ch a a a 


EMD HIGH EFFICIENCY HYSTERESIS SYNCHRONOUS MOTORS 


Hysteresis motors of peeves | high efficiency, 
very quiet running characteristics, and _trouble- 
free service life result from EMD CLOSED-BORE 
design, Unbroken, ground surface of stator bore 
allows extremely close air gap for increased effi- 
ciency, and allows motor to run virtually noise- 
free. Added increased efficiency results from low- 
est possible parasitic losses because of even flux 
distribution ie the closed bore. Perfect concen- 
tricity for bearings is obtained by unitized con- 
struction of bearing housings and stator, plus 
close tolerance grinding of continuous, smooth 
stator bore. Low voltage windings in a wide range 
of frequencies are ideal for operation from tran- 
sistorized poset supplies where capacity of cir- 
cuit is limited 

















TORQUE MOTORS 


EMD CLOSED-BORE design allows torques to 
1000 in. oz. in small enclosures. Specialin wind- 
ings can match operating curves to load require- 
— EMD torque designs furnished for a wide 

7 a. including close servo-con- 
trol oy operation over wide frequency ranges 
from transistor power supplies. 








REALLY SPECIAL SPECIALS 


Typical of EMD creative design capability is this 
tandem motor having two stators in a common 
housing with two rotors on a common shaft. It is 
a oy + motor — for 50 volts, 100 to 500 
cycles, 2 phase, an opera range 
from 1000 to 5000 rpm, with pow ho hg 
as high as 1000 in oz. 


Write or Phone for Additional Data 

















Circle E-1 














PRODUCT DIRECTORY 


Howard Industries Inc., Racine, Wis. 
A, B, C, D, 1, 2, 3, 4, 5, 6 
(See Ad, Pages 172 and 173) 


Howell Electric Motors Co., 409 N. Roose- 
velt, Howell, Mich. 
A, D, 1, 2, 4, 5, 6 

[MC Magnetics Corp., as a Div., 570 
Mein Si. ‘awy 7) 

A, B, C, F, & 

Jack & Heintz, Div. of The Siegler Corp., 
17627 eM Goes Ohio 
A, B, C, D, F, 1, 2, 4 5, 

Lamb Electric Co., Div. of ' Ma- 
chine & Metals Inc., Lake St., Kent, 
Ohio 
A, B, C, D, E, 1, 2, 3, 4, 5, 6 

Leece- Neville Co., 5109 Hamilton Ave., 
Cleveland 14, Ohio 


A, 2, 
(See Ad, Page 167) 
Lundy Mfg. Corp. Robert Lane, Glen 
ead, Y. 
F, 4 


Marathon Electric Mfg. Corp., Randolph 
& Cherry Sts., Wausau, Wis. 
A, B, C, D, E, 1, 2, 3, 4, 5, 6 
Martronics Inc., 82 Sanford St., Hamden 
14, Conn. 
A, B, C, D, E, F, 1, 2, 3, 4,5, 6 
ma Syntorque Corp., West Hurley, 
Y 


A, D, E, F, 1, 4, 5, 6 
Heinz Muelier Engi 
lowa St., oe 51, Ul. 
A, F, 1, 
Norden Div., United Aircraft Corp., Nor- 
walk, Conn. 
D, 5 
Redmond Co., Monroe Sty + apemaes Mich. 
A, B, D, E, 1, 2, 3, 4, 5, 


Co., 4725 W. 


Rotatin; Conqenants 4, 1560 Fifth Ave., 
Bay Shore, L. L, N. 
LOB EEL2Z S456 
Small Motor Div., Wstinghouse Electric 
Corp., Lima, Ohio 
A, BD 


Small Motors Inc., 2076 Elston Ave., Chi- 
cago 14, Ill. 
A, B, C, 1, 2, 4, 5, 6 
A. O. Smith Corp., 531 N. Fourth St., 
Tipp City, Ohio 
A,'3 
A. O. Smith Corp., Motor Div., 3533 N. 
27th St., Milwaukee 1, Wis. 
A, B, D, 3 
Standard Electric Div., Standard Dayton 
es Box a co Ohio 
D, E, 1, 4, 5, 
Standard Electric iy Co., Hoddon Ave., 
Me Berlin, N. J. 
A, B, C, D, E, F, 1, 2, 3, 4, 5,6 
Thsee Products Inc., 12210 Nebraska 
Ave., Los Angeles 25, Calif. 
B, C, D 6 
(See Ad, Page 166) 
Universal Electric Co., Owosso, Mich. 
A, B, D, 2, 3, 5, 6 
(See Ad, Page 171) 


Uppco a 900 S. Desplaines St., 
cago 7 iil. 
A, B,C 

Western Design, Div. of U. S. Industries 
Inc., Santa Barbara Airport, Galeta, 
Calif. 

F, 1,45 


Chi- 





156 


Two-Value Capacitor 


Century as Co., 1806 Pine St., St. 
i 66, Mo 
D, E, 1, 2, 3, 4, 5, 6 
(See Ad, Page 161) 
oo Rang nee 510 N. Fourth St., 


AB Cb, EF, 1,23,45,6 
EMD Components Inc., 1410 E. 289th St., 
Wickliffe, Ohio 
A,B, C,D, 1, 2,4,5,6 
(See Ad, Page 155) 


General Electric Co., Specialty Motor 
ey Ft. Wa’ Ind. 
, 1, 2, 3, 4,5, 6 
General Precision Inc., Kearfott Div., 1150 
McBride Ave., Little Falls, N. J. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
Genisco Inc., 2233 Federal Ave., Los An- 
geles 64, Calif. 
A, C, I, 4, 5, 6 
Holtzer Cabot Corp., 125 Amory St., Bos- 
ton 19, Mass. 
A, D, 1, 4,5 
Howard Industries Inc., Racine, Wis. 
A, B, C, D, 1, 2, 3, 4, 5, 6 
(See Ad, Pages 172 and 173) 


Howell Electric Motors Co., 409 N. Roose- 
velt, Howell, Mich. 
A, D, 1, 2, 4, 5, 6 

ay ics Corp., Eastern Div., 570 

t., Westbury, N. Y. 

A, B. C, F, 1, 4,5, 6 

Jack & Heintz, Div. of The gs ler Corp., 
17627 Broadway, wir; hio 
A, B, C, D, F, 1, 2, 4, 5, 6 

Martronics Inc., 82 Sanford St., Hamden 


14, Conn. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
tao Syntorque Corp., West Hurley, 


A, D, E, 1, 4, 5, 6 

—— — ae Co., Hoddon Ave., 
West Berlin, N. J. 
A, B, C, D, OE, F, 1, 2, 3, 4, 5, 6 


Shaded Pole 


Alliance Mfg. Co., Lake Park Blvd., 


Alliance, Ohio 
A 


Barber-Colman Co., Small Motor Div., 
1300 Rock St., Rockford, Ill. 
A145 

(See Ad, Pages 176 and 177) 

R. A. Boehm Co., 58 Brooklyn Ave., 
Merrick, N- Y. 

A, Il, 4, 5, § 

Brevel Products sy 601 W. 26th St., 
ee York 1, N. 


(See Ad, Page 178) 
a Mfg. Co., 205 Factory Rd., Addison, 


A, D 
Electric Motors & Specialties Inc., King & 
Hamshen Sts., Garrett, Ind. 
A, D, E, 1, 5, 6 
Electro Counter & Motor Co., 2717 N. 
Ashland Ave., Chicago 14, Ill. 
A, 1, 4, 5, 6 
The Emerson Electric Mfg. Co., 8100 
Florissant Ave., St. Louis 36, Mo. 
A, D, 1, 2, 4 
Fasco a 


ADR E125 
(See Ad, Page 169) 


255 N. Union St., 


bere Se 
Gy 
A, B, C, 3, 5, 6 
General Controls Co., Industrial Div., 
cT Ave., Glendale 1, Calif. 





11747 Vose § 
if. 



















oo Co., General Pu 


wore Ft. Wayne, Ind. 


Prd Electric Co., Specialty 
» Ft. Wayne, Ind. 

A, E23, 4,5, 6 ; 

The General Industries Co,, aa 

wh ees Elyria, Ohio 


(See Ad, Page 157) 
General Motors Corp., Delco duct 
DNs § 329 E. First St., Dayton l, Ohio” 


(See Ad, Page 175) 

General Precision Inc., Kearfott Div., 115 
McBride Ave., Little Falls, N. J. 
A, B, C, D, E, F, 1, 2, 3, 4, 5,6 

Heinze Electric Co., Div. of Consolid 

Electric Lamp, 685 Lawrence 


Howard Industries Inc., Racine, Wis, ~ 

A, B, C, D, 1, 2, 3, 4 5, 6 q 

(See Ad, Pages 172 and 173) 

Leece-Neville Co., 5109 Hamilton A 

Cleveland 14, Ohio 

A, 2, 6 

(See Ad, Page 167) 

Martronics Inc., 82 Sanford St., Ham 


14, Conn. 

A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
Master Appliance Mfg. Co., Bridge 
y een its, Racine, Wis. 


Merkle-Korff a ote 213 N. Mo 


Molon Motor & Coil Corp., 3737 Industi 
a Rolling Meadows, Il. 


The Motoresearch + ae Co., 
Ave., 
A, 5 


Heinz Mueller Engineering Co., 4725 W. 
Iowa St., Cee 51, 


1600 Junction 


ry 


A, > > , 
Northwestern Electric Co., 1750 N. Spring- 


field Ave., Chicago, Il 
Redmond Co., Monroe St., Owosso, Mich. 

A, B, D, E, 1, 2, 3, 4, 5, 6 2an 
Robbins & Myers ~~ Hunter Div., 2500 

risco, Mem Tenn. 

A, “B. CD, 1,23 MODEL 
Robertshaw-Fulton Controls Co., champio: 

Div., 2040 E. Main St., Columbus “c of times 

Ohio fations ¢ 

A, 4,5 amazing 
Small Motor Div., Westinghouse Electric | @plicati 

me Lima, Ohi fans to 

A, 2, 3, 6 available 
Small Motors Inc., 2076 Elston Ave., Chi- 

cago 14, Ill. MODEL 

A, B, C, 1, 5, 6 pole mo 
Standard EI Blactrte Mfg. Co., Hoddon Ave, ff Mitchen \ 

West Berlin, N. J. balanced 

NSC DIE Fl, 2,3,4,5,6 
i or a 900 S. Desplaines St., Chicago J 

A, B, C, 





Universal Electric Co., Owosso, Mich. 
A, B, D, E, 1, 2, 3, 5, 6 
(See Ad, Page 171) 
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Balt into keery GL Motor. 
Pigg 
oD ia - Beye 4 
5) 
LOCK )R} N oe 
_ 


MOVOR 


2and 4-POLE AC MOTORS “e00 to 44s H. P. 


MODEL A— An all-around performance 
thampion — proved dependable millions 
times over. It’s the power choice of the 
tations great manufacturers. . . setting an 
amazing performance record in countless 
applications from phonographs to kitchen 
fans to pumps. Two-pole, shaded-pole, 
Wailable in ten models, 1/450 to 1/45 H.P. 


MODEL B— Four-pole, four-coil, shaded 
pole motors. Ideal for household fans, 
litchen ventilating fans, etc. Dynamically 
balanced die cast rotors for exceptionally 


quiet operation. Four models: 1/80 to 


1/35 H.P. 


GEAR MOTOR— Applications include TV 
remote control units, rotating displays, 
vending machines, timing devices and 
other uses where low speed and high 
torque is required. 


MODEL E— Four-pole, four-coil, shaded- 
pole motor. Widely used in high quality 
tape recorders, record changers and com- 
plete motor assemblies in hi-fi units, 
1/200 to 1/150 H.P. 


GEARMOTOR 


See Catalog in SWEETS 7a/Gen or Write For Copy 


rue GENERAL INDUSTRIES co 








Circle E-2 





on Page 149 








DEPARTMENT GK ¢ ELYRIA, OHIO 





PRODUCT DIRECTORY 


Fractiona) horsepower motors for office machines, lab instruments, 
communications equipment, therapeutic devices, machine tools and 
other applications requiring dependable operation. 


XO) DJ ONE: 
OFFERS 


TYPE K-2 
1/2000 hp to 1/500 hp 
2%" high 


The K-2 is one of the smallest distributed wound motors 
manufactured. Normal 60 cycle output on continuous duty 
furnishes power substartially greater than motors of 
clock-type construction. Synchronous or non-synchronous 
types available. The K-2 non-reducer motor is instantly 
reversible and can be stalled indefinitely. Well suited for 
applications requiring relatively low output and continu- 
ous, trouble-free service. 





3500 standard motor s 


ifications 


(one is probably ideally suiced for your products.) 


300 stock motor spec 


ifications 


(ready for immediate shipment.) 


plus ADE (After Delivery Economies) 


ADE means that Bodine motors actually cost less 
you figure final costs because : 
Closely-held tolerances and uniformity of Bodine motomg: 


1. 
2. 
3. Bodiae motors almost never require field service. 


. Consistent, reliable performance of Bodine motors 
your product earn customer satisfaction and repeat s: 


minimize installation costs. 


Reject rates are low because of precision production control 





TYPE N 

1/150 hp to 1/6 hp 

372", 45%4" and 64" high = 
Bodine Type N motors can be furnished in numerous 
ratings and speeds. Each of the three basic sizes is manu- 
factured in several different lengths. Windings available: 
split phase, 3-phase, shunt, capacitor, synchronous, com- 
pound and universal {series wound, including governor 
controlled). Frame construction provides rigidity for 
accurate bearing alignment and close air gap maintenance 
necessary for quiet, efficient operation. Sleeve or ball 
bearings available. Excellent ventilation ond insulation. 


TYPE V-10 
1/100 hp 
2'%e" diameter 


Supplied with a series winding, the V-10 has variable 
speed characteristics. It has a high starting torque and 
rapid acceleration, and can be operated on either DC or 
AC. This is a compact motor and offers generous power 
with light weight and small enclosure. Three tapped holes 
in the end shield allow end mounting. Optional horizontal 
base mounting requires a motor frame strap. 


300 Different motor specifications are available immediately from factory stock or from authorized 


Bodine distributors located in major manufacturing areas. 


Also a wide range of special purpose motors 
and modifications. 





1—GENERAL-PURPOSE MOTORS—FRACTIONAL 


Small speed. reducer rotors in over 1600 
standard specifications! 


Motors with built-in speed reducers are used extensively by 
manufacturers.of motor-driven machines who desire a comet 
low-speed motor. By combining the motor and speed reducer 
“in Oke unit, all cumbersome and comiplicired speed reducer trans- 
missions, such as belts, gears, and chains are eliminated. Design 
and installation time are saved. The unit is compact, quiet and 
attractive in appearance. Trouble-free performance is assured. 























Motor diameter about 2%” to 3%". Diameter of motor approximately 3%". 
Worm of hardened, long-wearing, nitral- Both primary and secondary worms are of 
loy steel cut on motor shaft (except for hardened nitralloy stee!. Laminated bakelite 
the low powered V-TOR and NSP-1TR). primary gear. Hard bronze secondary gear. 
Laminated bakelite primary gear. Sec- Motor shaft has prelubricated ball bearings. 
ondary gear, bronze on ratios 180:1 or Secondary and driveshafts have bronze 
more; laminated bakelite on lower sleeve bearings, grease lubricated. Recuc- 
ratios, Ratios—Single Reduction Ratios— tion ratios—60:1 to '350:1. 

6:1 to 30:1 Double Reduction Ratios— 

36:1 to 1120:1 


Diameter of motor approximately 3%.” Motor diam>’e: opproximately 4%”. 
to 4%". Separable hardened ond ground Worms are accurately ground from hard- 
stee! worm. Laminated bakelite gear on ened steel. The bokelite primary gear 
steel hub. Motor shaft has ball bearings assures quietness; the hard bronze second- 
with built-in grease seals. Ratios—10:1 ary gear provides long life. Ball bearings 
to 60:1. Motor Mounting— Any position used throughout. Reduction ratios range 
except with gear housing aoove motor. from 72:1 to 2880:1. Any specified mounting 
position may be obtained except gear head 
over motor. 


Motor diameter 4%” to 554”. Separable GROUP 7 Loads are carried on ball bearings. All 
hardened and ground stee! worm. Gears Single reduction. forces directly transmitted to the motor feet. 
of laminated bakelite or hard gear Extra rugged. Heavy Separable steel worms are hardened and 
bronze, depending on torques delivered. torques up fo 298 = ground. Gear is of bronze. Ratios—8:1 to 
Motor shaft has ball bearings, grease- in. Ibs. 48:1. Motor may be produced to mount in 
lubricated with self-seals. Ratios—10:1 any position except gear head over motor. 
to 60:1. : 


f SPEED Small, rugged. Available with built-in FREE os ; | 
BREE MOTORS helical or spur gearing. Synchronous or 12-page technica BB C) BD | NJ fF 
pontinuc . fon-synchronous. Distributed windings bulletin 

onstructia are used for highest efficiency. Speeds Aguiional duaiek 

300 rpm to 0.7 rpm. Torque 1.3 10 120 che more widely fractional ani AteaneanaY 

inch ounces. Frame-die cast zinc except 1.64 Bodine mo- =, horsepowel 

for the steel laminations. Ball bearings «5+. is contained 

are standard. Ratios—6:1 to 1800:1. ee 

Capacitor is included with each motor. i sew ae MOTORS. 
Copies available the power behind the leading product 
on request. 
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PRODUCT DIRECTORY 


Fractional horsepower motors for office machines, lab instruments, 
communications equipment, therapeutic devices, machine tools and 
other applications requiring dependable operation 








SLO) DENS 


OFFERS 





3500 standard motor specifications 


(one is probably ideally suited for your products.) 


300 stock motor specifications 


(ready for immediate shipment.) 


plus ADE (After Delivery Economies) 
ADE 


you figure final costs because : 


1 


2 
3 


means that Bodine motors actually cost less when 


Closely-held tolerances and uniformity of Bodine motors 
minimize installation costs 


Reject rates are low because of precision production control 
Bodine motors almost never require field service. 


Consistent, reliable performance of Bodine motors helps 
your product earn customer satisfaction and repeat sales, ibs 
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TYPE K-2 
1/2000 hp to 1/500 hp 
2%" high 


The K-2 is one of the smallest distributed wound motors 
manufactured. Normal 60 cycle output on continuous duty 
furnishes power substantially greater than motors of 
clock-type construction. Synchronous or non-synchronous 
types available. The K-2 non-reducer motor is instantly 
reversible and can be stalled indefinitely. Well suited for 
applications requiring relatively low output and continu- 
ous, trouble-free service. 


300 Different motor specifications are available immediately from factory stock or from authorized D 


Bodine distributors located in major manufacturing areas. 


Also a wide range of special purpose motors 
and modifications 





TYPE N 

1/150 hp to 1/6 hp 

37\2", 45%" and 6'4a" high 

Bodine Type N motors can be furnished in numerous 
ratings and speeds. Each of the three basic sizes is manu- 
factured in several different lengths. Windings available: 
split phase, 3-phase, shunt, capacitor, synchronous, com- 
pound and universal (series wound, including governor 
controlled). Frame construction provides rigidity for 
accurate bearing alignment and close air gap maintenance 
necessary for quiet, efficient operation. Sleeve or ball 
bearings available. Excellent ventilation ond insulation. 


TYPE V-10 
1/100 hp 
2'%6" diameter 





Supplied with a series winding, the V-10 has variable 
speed characteristics. It has a high starting torque and 
rapid acceleration, and can be operated on either DC or 
AC. This is a compact motor and offers generous power 
with light weight and small enciosure. Three tapped holes 
in the end shield allow end mounting. Optional horizontal 
base mounting requires a motor frame strap. 
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Small speed reducer motors in over 1600 


standard specifications! 


Motors with built-in speed reducers are used extensively by 
manufacturers of motor-driven machines who desire a compact, 
low-speed motor. By combining the motor and speed reducer 
in one unit, all cumbersome and complicated speed reducer trans- 
missions, such as belts, gears, and chains are eliminated. Design 
and installation time are saved. The unit is compact, quiet and Ib 
attractive in appearance. Trouble-free performance is assured. 


Motor diameter about 2%” to 3%”. 
Worm of hardened, long-wearing, nitral- 
loy steel cut on motor shaft (except for 
the low powered V-10R and NSP-11R). 
Laminated bakelite primary gear. Sec- 
ondary gear, bronze on ratios 180:1 or 
more; laminated bakelite on lower 
ratios. Ratios—Single Reduction Ratios— 
6:1 to 30:1 Double Reduction Ratios— 
36:1 to 1120:1 


Diameter of motor approximately 3%.” 
to 4%". Separable hardened and ground 
steel worm. Laminated bakelite gear on 
steel hub. Motor shaft has ball bearings 
with built-in grease seals. Ratios—10:1 
to 60:1. Motor Mounting—Any position 
except with gear housing above motor. 


Motor diameter 4%” to 5%”. Separable 
hardened and ground steel worm. Gears 
of laminated bakelite or hard gear 
bronze, depending on torques delivered. 
Motor shaft has ball bearings, grease- 
lubricated with self-seals. Ratios—10:1 
to 60:1. 


Small, rugged. Available with built-in 
helical or spur gearing. Synchronous or 
non-synchronous. Distributed windings 
are used for highest efficiency. Speeds 
300 rpm to 0.7 rpm. Torque 1.3 to 120 
inch ounces. Frame-die cast zinc except 
for the steel laminations. Ball bearings 
are standard. Ratios—6:1 to 1800:1. 
Capacitor is included with each motor. 


GROUP 2 
Double reduction. 
Moderate torques 
up to 52 in. Ibs. 





GROUP 4 
Double reduction. 
High torques up 
to 350 in. Ibs. 





GROUP 7 
Single reduction. 


1—GENERAL-PURPOSE MOTORS—FRACTIONAL 








TORQUES SPEEDS RATIOS 
1.3 in. oz. 0.6 to 6:1 to 
to 350 in. 300 2880:1 


rpm 

















Diameter of motor approximately 3%”. 
Both primary and secondary worms are of 
hardened nitralloy steel. Laminated bakelite 
primary gear. Hard bronze secondary gear. 
Motor shaft has prelubricated ball bearings. 
Secondary and driveshafts have bronze 
sleeve bearings, grease lubricated. Reduc- 
tion ratios—60:1 to 1350:1. 


Motor diameter approximately 4%”. 
Worms are accurately ground from hard- 
ened steel. The bakelite primary gear 
assures quietness; the hard bronze second- 
ary gear provides long life. Ball bearings 
used throughout. Reduction ratios range 
from 72:1 to 2880:1. Any specified mounting 
position may be obtained except gear head 
over motor. 


Loads are carried on ball bearings. All 
forces directly transmitted to the motor feet. 


Extra rugged. Heavy Separable steel worms are hardened and 


torques up to 298 
in. Ibs. 





FREE 
12-page technical 
bulletin 


Additional data on 
the more widely 
used Bodine mo- 
tors is contained 
in newly-revised 
bulletin ‘‘S-2B.”’ 
Copies available 
on request. 


Circle E-3 on Page 149 





ground. Gear is of bronze. Ratios—8:1 to 
48:1. Motor may be produced to mount in 
any position except gear head over motor. 
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MOTORS 


.. the power behind the leading products 


Bodine Electric Co., 2508 W. Bradley Place, Chicago 18, IMinois 
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PRODUCT DIRECTORY 


Ac Single-Phase 
Wound Rotor 


Wound-rotor induction motors have 
slip-rings to provide external connection 
of the armature windings. Adjustable 
speeds are obtained through the insertion 
of resistors in the armature circuit. 

They are particularly adaptable wher- 
ever high starting torque and low start- 
ing current are required; where heavy or 
delicate loads must be accelerated gradual- 
ly and smoothly: and where adjustable- 
speed operation is desirable. 


Single-phase wound-rotor motors require 
a starting phase-displacement circuit to 
produce starting torque. 

Entries in this category are classified 
according to starting method. Each en- 
try carries a two-unit code consisting of 
letters and numerals. The letters indi- 
cate enclosure type: 


A. Open 

B. Dripproof 

C. Splashproof 

D. Totally enclosed, nonventilated 
(TENV) 

E. Totally enclosed, fan-cooled (TEFC) 

F. Explosionproof 


The numerals indicate mounting types 
available: 

1. Rigid base 

2. Resilient base 

3. Band mounted 

4. Flange mounted 

5. Face mounted 

6. Vertical mounted 


Repulsion 


Standard Electric Div., Standerd Da 
Corp. Box 1001, I, Dayton, — 


Repulsion Start 


Brown-Brockmeyer Co. Inc. P. O. 
989, Dayton 1, Ohio ee ~ 
a B D, E, F, 1, 2, 3, 4, 5, 6 

lowell Electric Motors Co., 

velt, Howel, —— eeebeateneceaanent 


Wagner Electric Corp., 6400 Plymou 
Ave., St. Louis 33, Mo. - 
A, B, D, F, 1 


Repulsion Induction 


Baldor Electric yy * > 
Eeeeme hen, We locke bt aa 4353 
E, F, 1, 3, 4,5, 6 

Brown-B 
989, Dayton er Co. Inc, P. O. Box 
AB DE E, F. 1, 2, 4, 5, 6 

Holtzer Cabot Corp., 125 Amory St., Bos- 
ton 19, Mass. 

A, D, 1,4,5 
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Ac Single-Phase 
Synchronous 


Synchronous motors operate at truly 
constant speed—they cannot run with any 
slip. Stator windings have the same 
arrangement as nonsynchronous induction 
motors, but the rotor does not slip be- 
hind the rotating magnetic stator field. 
If the motor starts to slip, due to over- 
load, it pulls out of synchronism and 
stalls. 

Self-starting single-phase synchronous 
motors employ a reluctance, hysteresis, or 
shaded-pole starting method. 

Entries in this category are classified 
according to starting method. Each entry 
carries a two-unit code consisting of letters 
and numerals. The letters indicate en- 
closure type: 


A. Open 

B. Dripproof 

C. Splashproof 

D. Totally enclosed, nonventilated 
(TENV) 

E. Totally enclosed, fan-cooled (TEFC) 

F. Explosionproof 


The numerals indicate mounting types 
available: 


1. Rigid base 

2. Resilient base 

3. Band mounted 
4. Flange mounted 
5. Face mounted 

6. Vertical mounted 


Reluctance 


Air Marine Motors Inc., ag Bayview Ave., 

pnere Lk 

A, B, C, D, E, F, |, 3, 4, 5, 6 

(See Ad, Page 170) 

Bodine Electric Co., 2500 Bradley Place, 

Chicago 18, Ill. 

A, l, 2, 6 

(See Ad, Pages 158 and 159) 

Doerr Electric re 510 N. Fourth St., 

cores 

A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
Electric Indicator Co. Inc., Camp Ave., 


Electro Counter & nm Co., 2717 N. 
— Ave., Chicago 14 4, Ill. 


nw Components Inc., 1410 E. 289th St., 
Wickliffe, Ohio 
A, B, C, D, i, 2, 4, 5, 6 
(See Ad, Page 155) 
General Electric Co., Specialty Motor 
e Ft. Wayne, Ind. 


General Precision Inc., Kearfott Div., 1150 
McBride Ave., "cittle Falls, N. 
A, B, C, D, E, F, 1, 2, 3, 4,5, 6 
Holtzer Cabot Corp., 125 Amory St., Bos- 
ton 19, Mass. 
A, D, 1,4,5 
Howard Industries Inc., Racine, Wis. 
A, B, C, D, 1, 2, 3, 4, 5, 6 
(See Ad, Pages 172 and 173) 
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Reuland Electric Co., 300i W. Mission Rd, 


Alhambra, 

B, C, D, ) E, 1, 4, 5, 6 ve 
Rota Com: nents Inc., 1 Fifth 
tg ye N. Y. 

A, B, C, D, EE 23,4, 5,6 
Small Motors Inc., 2076 Elston Ave., Chi- 
cago 14, Ill. 

A, B, C, 1, 2, 4, 5, 6 
Standard Electric Div., Standard Dayton 
Co: Box 1001, Dayton, Ohio 

A, B,D, El, 45, 
wR Tuuw @ Co, asl W. ee 
on. i es 16, Calif. 

B, D, 1, 2, 4, 9, 6 
Western Design, Div. of U. S. Industrie 
Inc., Sante Barbara Airport, Galeta, 


Calif. 
F, 1, 4,5 
Hysteresis 


Air Marine Motors Inc., ag Bayview Ave, 
Amityville, L. L, N. 

A, B, C, D, E, F, |, 3, 4, 5, 6 
(See Ad, Page 170) 

American Electronics Inc., Electro-Mechan- 
ical Div., 1596 E. Ross Ave., Fullerton, 
Calif. 

D, F, 4,5 

Bodine Electric Co., 2500 Bradley Place, 
Chicago 18, Ill 
A, 1, 2, 6 

(See Ad, Pages 158 and 159) 

Bristol Motors Div., Vocaline Co. of Amer- 

a Inc., 108 Coulter St., Old Saybrook, 


Eicor Div., Indiana General Corp., 517 W. 
Walnut, Olgesby, Ill. 

A, B, C, 1, 

Electric Indicator Co. Inc., Camp Ave, 
Stamford, Conn. 

A, I, 4, 5, 6 

EMD Components Inc., 1410 E. 289th St, 
Wickliffe, Ohio 
A, B, C, D, 1, 2, 4, 5,6 

(See Ad, Page 155) 

Ford Instrument Co., Div. of Sperry Rand 
Corp., 31-10 Thompson Ave., Long 
Island 1, N. Y. 

A, 5 


General Electric Co., Specialty Motor 
.. Ft. Wayne, Ind. 
3, 4, 5, 6 
General Precision Inc., emg Div., 190 
McBride Ave., Lit Falls, N. ‘ 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
Genisco Inc., 2233 Federal Ave., Los 
aoe 64, Calif. 


cake Industries Inc., P. O. Box 101, 
7 ieee Station, Dayton 4, Ohio 


(See Ad, Page 174) 
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Mfg. Div. of The Gamewell 
‘ 104 Saloon St., Baraboo, Wis. 
A, 
ee ee Corp., 125 Amory St., Bos- 
AD,1,45 
Howard Industries Inc., Racine, Wis. 
A, B, C, D, 1, 2, 3, 4 5, 6 
Hurst Tool & Mfg. Co., RFD 46, Prince- 
ton, Ind. 
A, 4 
IMC Magnetics Corp., Rn Div., 570 
Main St., Wetoy Ft 
A, B, C, F, 
(See Ad, Pages 172 and 173) 
Lundy Mfg. Corp., Robert Lane, Glen 
Head, N. Y. 


4 
Martronics Inc., 82 Sanford St., Hamden 


PB CD, EF, 1,2,3,45,6 


McLean. Syntorque Corp., West Hurley, 


N. Y. 
A, D, E, F, 1, 4, 5, 6 
Merkle-Korff Gear Co., 213 N. Morgan 
St., wad 7, Il. 
A, 1, 4, 5,6 

Coniaeniens Inc., 1560 Fifth Ave., 
Bay Shore, L. L, N. Y. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
Sangamo Electric Co., llth & N. Grand 
wi Springfield, Til. 


Schaevitz Engineering, P. O. Box 505, 
Camden 1, N. J. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
Transco Products Inc., 12210 Nebraska 
Ave., Los Angeles 25, Calif. 
B, C, D, E, F, 4, 5, 6 
(See Ad, Page 166) 


Western Design, Div. of U. S. Industries 
— Santa Barbara Airport, Galeta, 


F, 1, 4,5 


Shaded Pole 


Alliance Mfg. Co., Lake Park Blvd., 


Alliance, Ohio 
Cc 


Barber-Colman Co., Small Motor Div., 
1300 Rock St., Rockford, Ill. 
41,45 
(See Ad, Pages 176 and 177) 
Electro Counter & Motor Co., 2717 N. 
oon ~~ Chicago 14, Ill. 
» 1, ig 
General ehodedl Inc., Kearfott Div., 1150 
McBride Ave., Little Falls, N. J. 
A, B, C, D, E, F, 1, 2, 3, 4, 5,6 
Howard Industries Inc., Racine, Wis. 
A, B, C, D, 1, 2, 3, 4, 5, 6 
owl Ad, Pages 172 and 173) 
Hurst Tool & Mfg. Co., RFD 46, Prince- 
., Ind. 
A 4 
ond Inc., 82 Sanford St., Hamden 


Co 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
ee Gone Co. 213 N. Morgan 


wees 


ie Mueller Enginesrint _ 4725 W. 
lowa 


rea 
A, F, 1, 2, ge ° 
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1—GENERAL-PURPOSE MOTORS-—FRACTIONAL 





CENTURY 


FRACTIONAL 
HORSEPOWER 
MOTORS 


.. preferred by design engineers 








Single phase—AC 

Split Phase type 
Capacitor-Start type 
Permanent-Split Capacitor type 


Polyphase—AC 
Squirrel Cage type 


Direct Current 
Compound Wound 








With a wide choice of bearings, enclosures 
i and mountings. Call or write your 
nearby Century Sales Office 





CENTURY ELECTRIC COMPANY 


St. Louis 66, Missouri 


Circle E-4 on Page 149 161 





PRODUCT DIRECTORY 











Roy Industries of Nashua, New 
Hampshire, manufacturers of bowl- 
ing ball return equipment have a 
blower for drying a bowler’s hands 
— with forced air instead of unsani- 
tary towels. Roy selected the Heinze 
D Blower because of its compact 
size and high velocity (3200 rpm). 
These features also make the D 
Blower ideal for a variety of cooling 
operations — such as in electronic 
equipment, vending machines, re- 
frigeration and air conditioning units, 
photographers’ dark rooms. Single 
unit delivers up to 55 cfm, double 
unit 100 cfm. Both units are powered 
by long-lasting, trouble-free 2 pole 
induction motor with hp ratings from 
1/150 to 1/100. 
Write for complete catalog. 


ELECTRIC COMPANY 
665 Lawrence St., Lowell, Mass. 


Circle E-5 on Page 149 





AC Polyphase 


Polyphase motors are suitable for use 
only on alternating current of more than 
one phase. The majority of these mo- 
tors are built for operation from three- 
phase circuits. 

Polyphase motors are built in squirrel 
cage, wound rotor and synchronous de- 
signs. Unlike single-phase motors of the 
same design, polyphase motors do not 
require a starting phase-displacement cir- 
cuit to produce starting torque. 

Entries in this category are classified 
according to electrical type: Squirrel-cage, 
wound rotor, and synchronous. Each en- 
try carries a two-unit code consisting of 
letters and numerals. The letters indi- 


| cate enclosure type: 


A. Open 
B. Dripproof 
C. Splashproof 
D. Totally enclosed, 
(TENV) 
E. Totally enclosed, fan-cooled (TEFC) 
F. Explosionproof 
The numerals indicate mounting types 
available: 
. Rigid base 
. Resilient base 
. Band mounted 
. Flange mounted 
. Face mounted 
. Vertical mounted 


nonventilated 


Oouh wn 


Squirrel Cage 


Air Marine Motors Inc., a Bayview Ave., 
a i 
A, B, C, D, E, F, l, 4 4, 5,6 
” (Gee Ad, Page 170) 


Louis Allis Co., 427 E. Stewart St., Mil- 
waukee 1, Wis. 
B, D, F, 1, 4, 5, 6 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Fuller- 


ton, Calif. 
D, F, 4,5 

Baldor Electric Co., Motor Div., 4353 
Duncan Ave., St. Louis, Mo. 
A, B, C, D, E, F, 1, 3, 4, 5, 6 

Bodine Electric Co., 2500 Bradley Place, 
Chicago 18, Ill. 


A, 1, 2, 6 
(See Ad, Pages 158 and 159) 


Bowmar Instrument Corp., 8000 Bluffton 
Rd., Ft. Wayne, Ind. 
A, 4,5 

sa Motor 9 ae . Peterson 


BD, Ei. 4, 5,6 


Brown-B Co. Inc., P. O. Box 
989, Dayton |, Ohio 
A, B, D, E, F, 1, 2, 4,5, 6 

Century Electric Co., 1806 Pine St., St. 
Louis 66, 


Mo. 
A, B, D, E, I, 2, 3, 4, 5, 6 
(See Ad, Page 161) 


Continental i? Co., 325 Ferry St, 
Newark 5, N. J. 
A, B, C, D, E, F, I, 4, 5, 6 
—s Inc., Transcoil Div., Worcester, 


a. 
Cc 1,45 
Electra a Inc., 1110 N. Lemon St, 


A, B, C, D, E, F, l, 4, 5, 6 
Electric Indicator Co. Inc., Camp Ave, 


A, 1, 4, 5, 6 
oo Specialty Co., Eemco Div., 4612 
ee Blvd., Los Angeles 16, 


CB CDERL23456 
erg Monet Co., 303 N. Hender. 
son, Freeport 
A.B, C, D, E, F, 4, 5, 6 
General Controls Co., wey Div., 80) 
Allen Ave., Gendale | , Calif 
A, B, C, F, 1, 4,5 
General Electric Co., General Purpose Mo- 


tor , Ft. Wayne, Ind. 
B, D, E, F, 1, 2, 3, 4, 5, 6 
General Electric Co., Specialty Motor 


Dept., Ft. Wayne, 
A, B, D, F, 1, ” 3, 4, 5, 6 

Globe Industries Inc., P. O. Box 10l, 
ras Station, Dayton 4, Ohio 

: (See Ad, Page 174) 

Holtzer Cabot Soe 125 Amory 5t., Bos- 

a 19, 
D, E, F, I, 1,4,5 

Howell Electric — Co., 409 N. Roose- 
velt, Howell, 
A, B, D, E, % “t 5, 6 

IMC Magnetics Corp., ae Div., 570 
Main St., Westbury, N. Y. 
A, i Se F, 1, 4, 5,6 

Ideal Electric & Mfg. Co., E. First & Oak 
Mansfield, Ohio 


Jack & Heintz, Div. of The — Corp., 
17627 1 oe Cleveland, io 
A, B, C, D, F, 1, 2, 3, 4, 5, 6 

Lima Electric Motor Co., 4886 Findlay Rd, 
tame, Ohio 


Lundy Mfg. Corp., Robert Lane, Glen 
Head, N. Y. 


Martronics Inc., 82 Sanford St., Hamden 
14, Conn. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 

The Motoresearch a Co., 1600 Junction 
Ave., oe ga 
A, B, 1, 

Norden tag United Aircraft Corp., Nor- 

Conn. 


wal 


A, D, 5 


Reliance Electric & Engineering Co. 
24701 Euclid Ave., rire y 17, Ohio 
A, B, C, D, E, F, 1, 2,4,5 

3001 a hal 


lif. 
A, B, Cc, D, E. 1, 4, 5, 6 
ds Electric Co., 3000 River Rd, 
ver Grove, Ill. 
A, B, C, 1, 3, 4 
Rotating Components Inc., 1560 Fifth 
Ave., Bay Shore, L. L, N. Y. 


Small Motors Inc., 2076 Elston Ave., Chi- 
cage 14, Il. 


A. O. Smith Corp., 531 N. Fourth St, 
Tipp City, Ohio 
A,B, D, & 1, 2.345, 6 
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Standard Electric Div., Standard Dayton 
OF p + rie 1, Deywoe, Ohio 


Standard odes < Mie Co., Hoddon Ave., 
West Berlin, N. J. 
ABC DEF 1,2,3,45,6 

Sterling Electric Motors Inc., Subsidiary of 
Hathaway Instruments Inc., 5401 Tele- 

aph Rd., Los Angeles 22, Calif. 

i B, C, D, E, 1, 4, 5, 6 

U. S. — Motors Inc., 200 E. Slau- 
son Ave., Los Angeles 54, Calif. 
A, B, C, D, E, F, l, 4 5, 6 

Valley Electric Corp., 4221 Forest Park 
Blvd., St. Louis 8, Mo. 
B, C, D, E, F, 1, 4, 5, 6 

Wagner Electric Corp., 6400 Plymouth 
Ave., St. Louis 33, Mo. 
A, B, D, F, 1, 2 

Western Design, Div. of U. S. Industries 
= Santa Barbara Airport, Galeta, 


F, 1, 4,5 


Wound Rotor 
Electra Motors a. 1110 N. Lemon St., 


Ideal Electric & Mfg. Co., E. First & Oak 
~~ Mansfield,: Ohio 


“a Div., United Aircraft Corp., Nor- 

walk, Conn 

D, 5 

Northwestern Electric >. 1750 N. Spring- 
ys Ave., Chicago, Il 


Reuland Electric Co., 3001 W. Mission 
Rd., Alhambra, Calif. 
A, B, C, D, E, 1, 4, 5, 6 


Synchronous 


Air Marine Motors Inc., 369 Bayview Ave., 
Amityville, L. L, N. Y. 

A, B, C, D, E, F, 1, 3, 4, 5, 6 
(See Ad, Page 170) 

American Electronics Inc., Electro-Mechan- 
ical Div., 1596 E. Ross Ave., Fullerton, 
Calif. 

D, F, 4, 5 

General Electric Co., General Purpose 
Motor Dept, Ft. Wayne, Ind. 

B, E, F, I, 

General Sotel Inc., Kearfott Div., 1150 
McBride Ave., Little Falls, vw 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 

Genisco Inc., 2233 Federal Ave., Los An- 
ws 64, Calif. 


Globe Industries Inc., P. O. Box 101, North 
ae Station, Dayton 4, Ohio 


(See Ad, Page 174) 
IMC Magnetics Corp., Eastern Div., 570 
Main St., Westbury, N. Y 
A, B, C, 'F, 1, 4, 5, 6 
Ideal Electric & Mfg. Co., E. First & Oak 
_ Mansfield, Ohio 


Lundy Mfg. Corp., Robert Lane, Glen 
Head, N. Y. 


Martronics Inc., 82 Sanford St., 
14, Co 


A,B,C, DEF, 1,2,3,4,5,6 
ag om ty ag a] 1560 Fifth Ave., 


Hamden 


Te tek OO 4831 W. Jefferson 
Blvd., Los Angeles 16, Calif. 
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Direct Current 


Direct-current motors are used where: 
l. The available line current is limited 
to de. 2. The application requires an in- 
herently adjustable-speed motor. Both in- 
duction and synchronous ac motors are 
basically constant-speed motors. Special 
types of ac motors can provide some 
speed adjustment, but dc motors have 
advantages which usually make them 
preferable when adjustable speed is de- 
sired. 

Entries in this category are classified 
according to type of field winding: Shunt, 
series, and compound-wound. Each entry 
carries a two-unit code consisting of let- 
ters and numerals. The letters indicate 
enclosure type: 

A. Open 

B. Dripproof 

C. Splashproof 

D. Totally enclosed, nonventilated 

(TENV) 

E. Totally enclosed, fan-cooled (TEFC) 

F. Explosionproof 
The numerals indicate mounting types 
available: 

1. Rigid base 

2. Resilient base. 

3. Band mounted 

4. Flange mounted 

5. Face mounted 

6. Vertical mounted 


De Shunt-Wound 


American Bosch Arma Corp., Commercial 
— Div., 3664 Main St., Springfield 7, 
B Cc. 1, 2,3, 4 


American Electronics Inc., Electro-Mechan- 
ical ¥ aes 1596 E. Ross Ave., Fullerton, 


Calif. 
D, F, 4,5 

Baldor Electric Co., Motor Div., 4353 
Duncan Ave., St. Louis, Mo. 


A, E, 1, 4, 5, 6 

The Bendix Corp., Montrose Div., South 

Montrose, Pa. 

A, B, C, D, E, F, 1, 2, 3, 4, 5,6 

"Chi 8 il Co., 2500 Bradley Place, 
yf ee 158 and 159) 

BR A Bote. 58 Brooklyn Ave., 


errick, 
A D, |, 456 
ee Co. Inc., P. O. Box 
Dayto Ohio 


at, D, EE, i 4, 5,6 
Carter Motor Co., 2711 W. George St., 
Chi 18, Il. 
AI, 2 4,5,6 
Century Electric Co., 1806 Pine St. St. 
Louis 66, Mo. 
A, B, C, D, 1, 2, 4,5, 6 
(See Ad, Page 161) 
Continental Electric Co., 325 Ferry St. 
Newark - : 
A, B, C, 
Eicor Div. ae ag Corp., 5!7 
W., Yalan Olgesby, Til. 


1—-GENERAL-PURPOSE MOTORS—FRACTIONAL 


DEPENDABLE 
POWER FOR 
YOUR PUMP! 








¥ through 2 H.P. * Horizontal or Vertical Mounting 


FRANKLIN NEMA-C MOTORS 











¥ through 2 H.P. ¢ Horizontal or Vertical Mounting 


FRANKLIN UNISEAL MOTORS 


—a truly close-coupled pump motor that 
eliminates extra converting parts. Lighter 
weight and compact power permit modern 
space-saving pump design. 


You can hold field service to a mini- 
mum with Franklin motors. Exclusive 
mica any DS ogre with only one 
movin od nape a longer motor 
life. areal machined mounting 
face assures you of positive pump 
alignment. Makes assembly easy on 
your production line. Moisture-free 
air flow cools efficiently, lengthens 
motor life. 

Make sure of greater customer sat- 
isfaction with Franklin motors. 

Consider this fact: Franklin mass- 
produced special-application anaeees 
can help you build a better 
— economically! See other pote 
motors in Sections 2 and 3. Write for 
free folder on Franklin Nema-C and 
Uniseal to: 





Electric ae Ine P 


BLUFFTON, INDIANA 
Circle E-6 on Page 149 
163 











PRODUCT DIRECTORY 


FULL POWER 
INSTANT 
REVERSING 


WITH SINGLE -PHASE 
MOTOR ECONOMY 





AH 


Y% through 1 H.P. 
FRANKLIN INST-O-VERSE 


Cut costs without cutting corners in 

rformance. Utilize a single-phase 
nat O-Verse Franklin motor where 3- 
phase power is not available. 

The Franklin Inst-O-Verse doesn’t 
slow before reversing like an ordinary 
motor. Reversing is instantaneous, at 
full speed. Motor life is longer, too, 
because there’s no circuit interrup- 
tion, no contact arcing. 

Franklin Inst-O-Verse utilizes full 
torque for reversing, with automatic 
or manual selectivity. Operates in 
either direction as a capacitor-start or 
as instantly reversing motor. 

Available in L-phase. 1725 RPM, 
115 or 230 volt, \% through 1 H.P 
sleeve or ball bearing motors, NEMA 
frame or application- engineered 
mountings. Franklin Inst-O-Verse 
motors are also availabie for gearing 
applications. 

Consider this fact: Franklin mass- 
produced special-application motors 
can help you build a better product 
— economically! Write for free cata- 
log on Inst-O- Verse. See other Frank- 
lin motors in Sections 2 and 3. Write: 





Electric Co., Inc. 


BLUFFTON, INDIANA 
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Electric Indicator ~~ Camp A 
$ sania a. Inc., p Ave. 
= Specialty Co., Emco Div., 4612 

Jefferson Blvd., Los Angeles 16, 


Calif 

A, B, C, D, E, F, 1, 2, 3, 4 5, 6 
Ford Electronics Corp, iter Vose St., 

North Holl 

ARGS sto 
General Electric Co., Forced Motor 

Fe Wayne, 

A, B, D, F, 1, 5456 
General Precision Inc., Kearfott Div., 1150 
none BF Little bas 486 
ght, N. Clark 


AB Bl 34 5 6 
Ge J indstries a P. 0. Ber OM om 
lo yton Station, n 
A, F,4,5 ea 
(See Ad, Page 174) 
Hansen Mfg. Co. Inc., 1934 Virgil Blvd., 
Princetown 10, Ind. 


~C 
Heinze Electric Co., Div. of Consolidated 
mg Lamp, 685 Lawrence St., Lowell, 


A, 1, 3, 4,6 
(See Ad, Page 162) 
Gerald K. Heller Co., P. O. Box 4426, 
Las Vegas, Nev. 


A, D, I 
Holtzer Cabot Corp., 125 Amory St., Bos- 
ton 19, Mass. 
, E,1,4,5 
Hoover Electric Co., . * . Stoner 
Ave., Los “ore * q 
A, F, 1, 2, 
Howard Industries wy + om Wis. 
A, B, C, D, 1, 2, 3, 4, 5,6 
(See Ad, Pages 172 and 173) 


Howell Electric Motors Co. 409 N. 
i, Sa Mich. 
me M ic Corp., ere Div., 570 
wa ge Westbury, N. 


A, 5 
Leece-Neville Co., 5109 Hamilton Ave., 
Cleveland 14, Ohio 


(See Ad, Page 167) 
Lundy Mfg. Corp., Robert Lane, Glen 
Head, N. Y. 


F, 4 
Marathon i 


. Corp., Randolph 
GB, i Wausau, Wis. 
A B, C, D, I, 2, 

MT Conn. Sanford St., Hamden 
A, B, C, D, oe F, l, 2 5, 6 
Merkle-Korff Gear Co., - Morgan 

rales a cf 
A, 1, 4, 5, 
Motor spomeny Co., 2801 17 Lathrop Ave., 
Racine, 
dB G56 En inering Co., 4725 W. 
einz er 
eI Py Chica 1. 


Ohi 
A, B, C, D, 1, 4, 5,6 
Rae Motor Corp., Box 518, McHenry, Il. 
A, 1, 4,6 


(See Ad, Page 178) 
Redmond Co., sna St., Owosso, Mich. 


me, 
(See Ad, Page 168) 
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ans ‘Naf. Co 
— Too! 
LaGrange .Par 


A.5 
Transco Products Inc., a Nebraska 


B, C, D, E, F, 4, 5, 6 
(See Ad, Page 166) 
Universal Electric Co., Owosso, Mich, 
A, B, D, E, 1, 2, 3, 5, 6 
(See Ad, Page 171) 
Western Design, Div. of U. S. Industries 
Inc., Santa Barbara Airport, Galeta, 


Calif. 
F, 1,4,5 


Subsidiary of Thor 
se So 1a Barnsdale Rd., 


Dc-Series-Wound 


American Bosch Arma one, Ce Corneil 
Sales Div., 3664 Main St., S 


B, C, 1, 2, 3, 4 

American’ Electronics Inc., Electro-Me 
chanical Div., 1596 E. Ross Ave., Fuller- 
ton, Calif. 
D, F, 4,5 

Baldor Electric Co., Motor Div., 4353 
Duncan Ave., St. is, Mo. 

E, 1, 4, 5, 6 

Barber-Colman Co., Small Motor Div. 

1300 Rock St., Rockford, II. 


5 
(See Ad, Pages 176 and 177) 
The Bendix ae Mon:zrose Div., 
Montrose, Pa. 
A, B, C, D, ok F, 1, 2, 3, 4, 5, 6 
Boehm 58 Brooklyn Ave. 


South 


Co. Inc., P. O. Box 
4 Dx y 


, 4, 5, 6 
Fath Bactory Ra, Addi- 


Gus rong 3 Da 2711 W. George St, 


isaee. 


Century mioeerin Go 1806 Pine St, 
St. Louis 66, 


A, B, C, D, 1, Me 4, 5, 6 
(See Ad, Page 161) 
Continental Bente Co., 325 Ferry St, 


B, 

it B Tidicator Co. Inc., Camp Ave, 
pamntors Conn. 

Eleni S .. Eemco Div. 
Fr ge y. Paterson Bi Blvd., Los 7 

E, F, 1, 2, 3, 4 5, 

a BeOS Et [I Vow 8 
ort. fe) 

A, B, C, F, 3, 4, 56 é. 

General Controls Co., Industrial Div. 
801 Allen Ave., A Sage 1, Calif. 
General = " ty Motor 

t. a 


A, B, D, F, 1, 34 56 
General Precision Inc., Kearfott Dies 1190 
AB Gt re Lite ag - - 
Paul E. Gerst & te Inc., 4868 N. Clark 


St., Chi 
P BFL 2 34 6 


Gl Industries Inc. P. %. Box 101, 
ea Da = Station, Dayton 4, Ohio 


(See Ad, Page 174) 
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Heinze Electric Co., Div. of Consolidated 
Electric Lamp, 685 Lawrence St., Lowell, 


Mass. 
A, 1, 3, 4,6 
(See Ad, Page 162) 
Gerald K. Heller Co., P. O. Box 4426, 
Las Vegas, Nev. 


A, D, 

pee Cust Corp., 125 Amory St., Bos- 
ton 19, 
A, D, E, 1, 4,5 

Hoover Electric ° 2100 S. Stoner Ave., 
Los Angeles if. 


AF, 1,24, 5 
Howard Industries ae Racine, Wis. 
A, B, C, D, 1, 2, 3, 4, 5, 6 
(See Ad, Pages 172 and 173) 
Howell Electric Motors Co. 409 N. 
Roosevelt, Howell, Mich. 
A, D, 1, 6 
Hu Electronics Co., Div. of Hupp 
rp., 743 Circle Ave., Forest Park, 
Ill. 
Cc, 4 
IMC Magnetic Corp., Eastern Div., 570 
ww t.. Westbury, N. Y. 


A, 
J E M Electronics Corp., 743 Circle Ave., 
wy Park, Ill. 


a 
Leece-Neville Co., 5109 Hamilton Ave., 
Cleveland 14, Ohio 
(See Ad, Page 167) 
Lundy Mfg. Corp., Robert Lane, Glen 
Head, N. Y. 


Marco Corp., 542 Fourth St., Racine, 


M4 5.6 
Marathon Electric Mfg. ag Randolph 
& Cherry * Wausau, Wis. 


aaODOLZas 
a ene aX "92 Stnfond St., Hamden 


A, B, C, D, E, F, 1,2, 3, « 5, 6 
Merkle-Korff Gear Co., 213 N. Morgan 
St., Lane 7, Il. 


Hina Mueller Engineering Co., 4725 W. 
Iowa St., Chicago 51, Ill. 
A, F, 1, 2, 4 

Peerless Electric Co., 1401 W. Market St., 
Warren, Ohio 
A, B, C, D, 1, 4, 5, 6 

Rae Motor Corp., Box 518, McHenry Il. 


(See Ad, Page 178) 

Redmond Co., Monroe St., Owosso, Mich. 
A, B, 3, 4, 5, 6 

Reliance Electric & ineering Co., 
24701 Euclid Ave., Cleveland 17, Ohio 
A, B, C, D, E, F, i, 2, 4, 5, 6 

Robbins & "Myers Inc., 1345 Lagonda 
ee oes _ Ohio 


ann tees ty 06 Elston Ave., Chi- 
cago 14, Ill. 
Soles Bie. Cs Subsid f Th 
way Mfg. ., Subsidiary o! or 
Raeer’ ‘Tea Co., 1421 Barnsdale Rd., 
a Park, Ill. 


Transco Products Inc., 12210 Nebraska 
Ave., Los Angeles 25, Calif. 
B, C, D, E, F, 4, 5,6 
(See Ad, Page 166) 
Universal Electric Co., Owosso, Mich. 
—eD gk 2LH2 3:6 6 
(See Ad, Page 171) 
Western Design, Div. of U. S. Industries 
a Santa Barbara Airport, Galeta, 


F,1,4,5 


Wincharger Corp., E. Seventh & Division 
et Sioux City 2, Iowa 
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1—GENERAL-PURPOSE MOTORS—FRACTIONAL 


For accurate measurement of torque 
developed by fractional hp motors... 


























THE NEW CHATILLON 
ABSORPTION DYNAMOMETER 


There’s only one sure way to know the precise torque developed by your 
motors or servos . . . test every unit. And . . . test it on the most advanced, 
accurate torque measuring equipment available . . . the Chatillon 1200 series 
Absorption Dynamometers. 


EXCLUSIVE Torque Turret . . . automatically increases the capac- 
ity of the 1200 series over three successive ranges. No changing 





weights or springs . . . no time lost in determining correct oper- 
ating range. 

EXCLUSIVE Low Inertia hysteresis brake . . . substantially re- 
duces starting torque and ‘‘fiywheel’’ effect . . . improves high 


speed performance. 


EXCLUSIVE Tempruf springs . . 
reactive force. 


. assure precise, measurable 


These three features form the heart of the Chatillon method of torque meas- 
urement ...the most accurate method ever devised. 
The range of models in the 1200 Series covers all 
fractional horse power motors. Other series are available 
for larger and smaller motors. To find out which model 
is ideally suited for your needs, write today for full in- 
formation. JOHN CHATILLON & SONS, INC., 85 
Cliff St., New York 38, New York. 
TEMPRUF®: Chatillon’s exclusive temperature compensated springs 










Manufacturers of scales, force measuring 
instruments and precision springs. 
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TRANSCO ENGINEERS CAN ANSWER YOUR SPECIALTY MOTOR 
REQUIREMENTS FAST AC motors are avai:«dle in all types. DC con- 


figurations include permanent magnet, series, and shunt. 
Yy J i MOTOR You specify brake, noise filter, thermal overload, gear 
box, or whatever you need. All Transco fractional HP motors 


can be qualified to Mil. Spec. Write Transco Products, Inc., 








Nebraska Ave., Los Angeles 25, Calif. 





PROBLEM 


COAXIAL SWITCHES + WAVEGUIDE SWITCHES + ANTENNAS + MICROWAVE COMPONENTS VALVES 
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DON'T STRAIN YOURSELF 


to hit the right note . . . or to write the right 
note, for the matter. For example, if you need 
information on commercially available electric 
motors . . . or anything about electric motors 
. . . use MACHINE DESIGN’s READER 
SERVICE CARD. It’s easier to circle Item 
Numbers on page 149 than it is to blow a 
high C ... and much more rewarding to 
Design Engineers, too. Fill in your name, title, 
and company address, and drop the card in 
he mail. (It’s already addressed to us, and 
the postage is paid.) Take advantage of this 
service. MACHINE DESIGN’s inquiry proc- 
oe uests off to 
advertisers within 48 hours a we get 
your card. 
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De Compound-Wound 


American Bosch Arma Corp., Commercial 
cee Re 3664 Main St., Springfield 7, 


American Electronics Inc., Electro-Mechan- 
ot tr 1596 E. Ross Ave., Fullerton, 


D, F, 4,5 
Baldor Electric Co., Motor Div., 4353 
Duncan Ave., St. Louis, Mo. 


(See Ad, Pages 176 and 177) 
The Sendic Cop, Seatnee Dt, South 
Montrose, Pa. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
Bodine Electric Co., 2500 Bradley Place, 


ttle.” Ill 


(See Ad, Pages 158 and 159) 
R. A. Boehm Co., 58 Brookyln Ave, 
Merrick, N. Y. 
| = Inc., P. O. Box 
989, Dayton 1 
A, B, D, E, E. PC ri 5, 6 
Century Electric Co., 1806 Pine St. St 
Louis 66, Mo. 
A, B, C, D, 1, 2, 4, 5, 6 
(See Ad, Page 161) 
Continental Electric Co., 325 Ferry St, 
Newark 5, N. J. 
A, B, C, 4 1 
Eicor Div., Indi gy Corp., 517 
W. Bes Olgesby. ll l. 


A, B 
Electronic Specialty Co., Eemco Div., 4612 
nee Blvd.” Los Angeles 16, 


A'B. C.D, E,F,1,2,3,4,5,6 
Ford Electronics Corps, }iraT Vose St, 
ye 5 Hollywood, if. 

A, B, C, F, 3, 4, 5, 6 
General Electric Co., Specialty Motor 
Ft. Wayne, Ind. 

A, B.D, F, 1. 23, 4, 5,6 
General Motors Delco Products Div., 
329 E. First St., Dayton 1, Ohio 

A, B, 1, 6 

(See Ad, Page 175) 


ibnd 


St. . 
A, B, F, I, 2, 3, 4, 5, 6 


BE Seats Gow, Eaten Die, 
eee &.F 


Leece-Neville Co., 5109 Hamilton Ave. 
and 14, Ohio 


Lundy Mfg. Corp., Robert Lane, Glen 
Head, NY. 


F, 4 

Marathon Electric Mig. Cnn 2B Randolph 
ABCD 12 36 

Be ~e 82 Sanford St., Hamden 


AB, C.D, E, F, I, 2, 3, 4, 5,6 
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Mueller Engineering Co., 4725 W. 
_— St., Chicago 51, ILL. 


A, F, 1, 34 
Peerless Electric Co., 1401 W. Market St. 
Warren, Ohio 
A, B, C, D, 1, 4, 5, 6 
Redmond oy | satan St., Owosso, Mich. 
A, B, 3, 4, 5, 6 
jance Electric & eyed Tf i Co., 
ROI —_ Ave., Cleveland Ohio 
A, B, C, D, E, F, 1, 2, 4, 5, 
Robbins & met 1345 wan Ave., 


3 


Transco 4b ed Inc., 12210 Nebraska 
Ave., Los Angeles 25, Calif 
B, A D, E, F, 4, 5, 6 
(See Ad, Page 166) 
Universal Electric Co., Owosso, Mich. 
eas! 2, 3, 5, 6 
See Ad, Page 171) 
a, oo E. Seventh & Di- 
_ Sts., Sioux City 2, lowa 
A, 


Ac-Dc Universal 


The Bendix ete Montrose Div., South 
Montrose, P 
ABCD ER12345,6 
at & Decker Mfg. Co., Towson 4, Md. 
A, 


Bodine Electric Co., 2500 Bradley Place, 
Chicago 18, Ill. 
A 1.2 6 
(See Ad, Pages 158 and 159) 
R. A. Boehm Co., 58 Brooklyn Ave., 
Merrick, N. Y. 
A, D, 1, 4, 5, 6 
= Mfg. Co., 205 Factory Rd., Addison, 


. D, 5 

Carter Motor Co., 2711 W. George St., 
Chicago 18, Ill. 
A, 1, 2, 4,5, 6 

Dumore Co., 1300 17th St., Racine, Wis. 
A, 1, 4, 6 

Electric Indicator Co. Inc. Camp Ave., 
wee nn. 
1, 4, 5, 

as i Special Co., Eemco Div., 4612 

Bld Los Angeles 16, 


 geagpgg psy 

Ford Electronics a Bait 11747 Vose St. 
North Hollywood if. 
A, B, C, F, 3, 4, 5, 6 

General Controls Co., Industrial Div., 801 
Allen Ave., Glendale l, Calif. 
. Cc, F, 1, 5 

General Electric Co., Specialty Motor 
Dept., Ft. Wayne, Ind. 
A, 1, 3, 4,6 

General Precision Inc., Kearfott Div., 
1150 McBride Ave., Little Fall . J. 
A, B, C, D, E, F, 1, 2, 3, 4 

Paul E. Game: 2 Ce Inc., 4868 N. ae 


St, Chi 
ABET 2 4, 4 5,6 

Globe Industries Inc, P. O. Box 101, 
er 1 om Station, Dayton 4, Ohio 


" "Gee Ad, Page 174) 
Heinze Electric Co., Div. of Consolidated 
Electric Lamp, 685 Lawrence St., Lowell, 


Holtes : tak 
oltzer Sy Corp., 125 Amory St., Bos 
ton 19, a7 26 a 
ee. 1,4,5 
Hoover Electric Co., 2100 S. Stoner Ave., 


RE ees 25, Calif. 


Howard looks Inc., Racine, Wis. 
A, B, C, D, 1, 2, 3, 4, 5, 6 
(See Ad, Pages 172 and 173) 
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1——GENERAL-PURPOSE MOTORS—FRACTIONAL 


AC OR DC—FOR EFFICIENT, RELIABLE, LOW-COST 
POWER, SPECIFY LEECE-NEVILLE MOTORS 


The world’s largest independent supplier of fractional horsepower 
D.C. motors for automotive use also offers you a complete line of 
quality A.C. motors capable of meeting U.L. and C.S.A. application 
tests. Advanced design an‘ modern manufacturing facilities assure 
peak performance and delivery to your schedules. Select a basic 
unit, let us help you adapt a basic unit, or we will custom-engineer 
a special motor to your requirements. 

For information on A.C. motors, write The Leece-Neville Company, 
Dept. MD-12, Georgia Division, Athens Highway, Gainesville, Georgia. 
For D.C. motor data, write D.C. Motor Div., Cleveland 3, Ohio. 


SINCE 1909 
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with the accurate 
SERVO-TEK SPEED 
INDICATING SYSTEM 











SELF-POWERED No batteries or 
external power required. 


LOW VOLTAGE Connecting cable 
can be as long as 500 ft. 


PERMANENTLY LUBRICATED BALL 
BEARINGS. 


EASY READ 4%" 
Damped to withstand 
and shock. 


STANDARD RANGES © to 100, 
250, 500, 1000, 2000, 3000, 4000, 
6000, 8000, 10,000 and 12,000 
RPM. These speeds con also be 
provided to read “Percent of Full 

" or “Percent of Capacity.” 
0 to 10 RPM avoilable at small 
odditiona 


INDICATOR 
vibration 


I cost. 


$87 aicatee  topecity 


range), mounting base, coupling, 
ond 15 ft. of electrical cable. 
Delivery from stock. Quantity 
discounts. 


Sewe-Tek 
| pRopucts co. | 
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577 Elm St., Arlington, 
Di 


v. of American Ma- 


” 


: 
: 


& Inc., Lake St., Kent, 
B.C, D,E,1,.2,3,4,5,6 

Mfg. Corp., Robert Lane, Glen 
N. Y. 

Corp., 542 Fourth St, Racine, 


6 
pe Bia. 82 Sanford St., Hamden 


, GD, E Finds 2,> £5, 
li Mfg. & 
wv 


A 
Merkle-Korff Gear Co., 213 N. Morgan 
St., Chicago 7, Il 


> 5, 
Motor Specialty Co., 2801 17 Lathrop Ave., 


ete 


Co., 4725 W. 


; 4, 
oc Motor Corp., Box 518, McHenry, 


A, |, 4,6 
(See Ad, Page 178) 
Redmond Co., Monroe St., Owosso, Mich. 


Rotbe, - 6 Inc., 1345 
ins yers be Lagonda 
Ave., Springfield, Ohio 
A, B, D, 1, 3,5 
Small Motors Inc:, 2076 Elston Ave., Chi- 
cago 14, Ill. 
Spec 456 Co., Subsidi f Tho 
way o! r 
wer’ Toot Co.” 1431 Barzsdele Ra. 
pe Park, Ill. 


1 
Standard Electric Mfg. Co., Hoddon Ave., 
ems Berlin, N. 


Transco Products Inc., 12210 Nebraska 
or Los Angeles 25, Calif. 


: (See Ad, Pag: 166) 
Universal Electric Co., Owosso, Mich. 
A, B, D, E, 1, 2, 3, 5,6 
(See Ad, Page 171) 


Others 


Louis Allis Co., 427 E. Stewart St., Mil- 
soaps 1, Wis. 
B, D, E, F, 1, 4, 5,6 

The Bendix Corp., Montrose Div., South 
Montrose, Pa. 
Permanent 


A, B, C, D, E, F, 1, 2, 3, 4,5,6 
Cramer Div Giannini Controls Corp., 


Centerbrook, Co 
Permanent it Types 
Cue Corp., 315 Tudor Lane, Manas- 


sas, Va. 
Permanent Magnet A, B, C, D, E, F, I 
eS Bon 108, Hort 


Stamford, Conn. 
Samo, Co es a bc 
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GEORGE? 


Here | am in Heaven, and | just 
noticed that | forgot my ELECTRIC 
MOTOR HANDBOOK! The worst 
part is, | haven't got a dime; 
remember, you can't take it with 
you! If | had two dollars, | could 
send for another copy, simply by 
writing to MACHINE DESIGN 
READER SERVICE DEPARTMENT. 
What's that, George? How are 
they going to send it to me 
up here? That's THEIR problem, 
George. It's their business to sup- 
ply information to Design Engi- 
neers. Since | left my copy be- 
hind, you may as well use it, 
George. It is one of MACHINE 
DESIGN’s Handbooks, you know; 
belongs on the same shelf with 
their Handbooks on FASTENERS, 
SEALS, BEARINGS, and FERROUS 
METALS. Yes, sir, that little old 
ELECTRIC MOTOR book is full of 
essential and fundamental infor- 
mation on practical design data. 
Incidentally, some of the tips | 
got in that book enabled me to 
design a perpetual motion ma- 
chine. It's easy to do in this 
climate. 
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REASONS WHY iT PAYS 
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TO CONSULT * 


Fasco offers the widest range of motors... 


from 1/500 to 1/3 H.P.—shaded 
pole and split capacitor types—also centrifugal blowers with air-output 
ratings from 15 to 525 C.F.M. 


Fasco offers the greatest flexibility in DESIGN . . 
DELIVERY. 


. in MANUFACTURING... in 


Fasco provides the fastest motor application service in the field. 


Fasco guarantees the fastest delivery of engineering sample services. 


Fasco’s years of specialization in this field combined with tremendous 
production facilities—plus the great demand for our products, makes it 
possible for us to produce quality motors and make them available at 
prices which permit you to maintain a strong competitive position. 





These points, coupled with the fact that Fasco 
fractional H.P. Motors and Blowers over the 
years have established a world-wide reputation 
for dependable, trouble-free performance in liter- 
ally hundreds of diversified applications, are 


reasons why you too should consider Fasco. 
Chances are there is a Fasco Motor or Blower 
that will meet your requirements. If not, then we 
will build one to meet your exact specifications. 
Let us prove these points to you. 





Write, wire or call us or the Fasco field office near- 
est you, and a field engineering specialist will call 
at your plant to study your particular application. 






This catalog contains 
complete information on 
FASCO F.H.P. Motors 











Detroit 27, Mich. Phone: 


| MOTORS | 


St. Lovis 17, Mo. 


East North Central 12737 Puritan Ave. 


Mid Central 1110 S. Brentwood Bivd. 
Parkview 1-0866 


and Blowers. A copy is 
yours for the asking. 





ROCHESTER 2, N. Y. 
TELEPHONE: HAmilton 6-1800 


ENGINEERING OFFICES 
North Central 5306 W. Lawrence ave. 


West Coast P. 0. Box 305 

861-8775 Chicago 30, Hii. Kiidare 5-0556 LaHabra, Calif. OWen 7-3815 
South Central 4924 Greenville Ave. Home Gffice 255 N. Union St. 

Dalias 6, Texas EMerson 8-2603 Rochester 2, N. Y. HA 6-1800 


East Coast 420 Lexington Ave.. Room 760, Graybar Bidg., New York 17, N. Y., Oregon 9-5570 & 9-5571 
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OUR FIELD ENGINEERS WILL 
GLADLY ASSIST YOU IN 
YOUR COOLING PROBLEMS 


BLOWER AND FAN TYPES 
OFFERED 


Centrifugal and Vane Axial Blowers, 
Blower Housings, Axial Flow Fans. 


TYPES OF SUB-FRACTIONAL 
MOTORS MANUFACTURED: 
Induction, Hysteresis Synchronous, Reluc- 


tance Synchronous, Serve, Gear and 
High Slip Induction. 





BLOWERS 





sane 14"-0.0. to 434" 9.8. 
pret t+ LC erties: 





Air Marine motors and cooling units have been designed and tested 


to meet the specifications of both the military and industry. 


* 
airemarine motors, inc. 


369 Bayview Ave. 2221 Barry Ave. 
Amityville, L. 1., N. Y. Los Angeles, California 
AM 4-3700 BR 2-0411 


WRITE TODAY FOR OUR NEW CATALOG 
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1—GENERAL-PURPOSE MOTORS—FRACTIONAL 


New TyPE EA] UNIVERSAL 


SKELETON MOTOR 


a superior unit because of quality construction, 





larger bearings and greater oil capacity 


longer motor life. 
@ Grooved bearings insure continvous oil return. 
@ Larger bearings reduce motor noise. 


@ Accurate metallurgical control of laminations 
insure uniform performance. 


@ Interchangeable mountings. 
@ Six standardized models, 1/500 to 1/45 HP. 


@ The correct motor for rotisseries, vending 
machines, office machines, chart drives, 
phonographs, slide projectors, heaters, re- 
frigerators, hair dryers, deodorizers, 2” to 8” 
diameter fan blades, electronic equipment, 
etc. Write for complete specifications on 
your requirements. 














SPECIFICATIONS 


UNIVERSAL TYPE EA1l SKELETON MOTORS 115 VOLT 60 CYCLE 














@ Larger bearings and greater oil-felt capacity give 
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+-—(2) TIN DIP 


Circle E-14 on Page 149 


- DIMENSIONS 
MODEL | @ 2,800 Rpm | TORQUE a Ps 
EAIA 1/500 i. % 15" 
EAIB 1/350 4 %" 164," 
EAID 1/130 3.3 %” 2%" 
EAIE 1/90 45 ” 2%" 
EAIG 1/60 6.5 1%" 2%” | 
EAI 1/45 75 2° 3%" 
12” leads on all models 


UNIVERSAL ELECTRIC COMPANY 


PRECISION ELECTRIC MOTORS 
EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT. 10 








MODEL 29-500 
UNIVERSAL 
and DC MOTOR 
1/12 
to 1/4 H.P. 








AMERICA’S FINEST 

SMALL UNIVERSAL MOTOR... 
AT THE LOWEST COST 

IN ITS CLASS! 








for applications where uniform output is essential . . . 
all mating surfaces are machined! 


DIAMETER: 3%" 
LENGTH: 4's" to 5'%" 











e Choice of permanently lubricated shield or sealed ball bearings, or rigid H.P.: Continuous: Series—1/6 @ 10,000 R.P.M. 
sleeve type with felt oil reservoir and oil return system. Sanu teen ioe 10,000 R.P-08. 

e Choice of end bells to provide for end mounting, flange mounting or at- Shunt or Compound—1/6 
taching gear units. SPEED: No load: Series—15,000 R.P.M. 

© Available with a choice of totally enclosed case, or ventilated construction fl hed teone: Sorloeagsows 
with internal fans. 10,000 R.P.M. 


Shunt or Compound— 1000 to 10,000 R.P.M. 





e Currently in use in computors, biowers, dental equipment, business ere > . 
machines and other applications. v Ghunt ar Compound 6 ts 230. De 








WRITE FOR COMPLETE DETAILS AND NEW CATALOG 





THE NATION’S MOST COMPLETE LINE OF FRACTIONAL H.P. MOTORS 


1/200 te 1 H. P. 1/1400 to 1/4 P. 1/2000 to 1/30 H.P. PARTS SETS 
&p * BLOWERS 
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MODEL 243 
UNIVERSAL 
and DC MOTOR 
Pall 
to 1/8 H. P. 























































for business machines and gear applications . . . this motor offers /onger brush life, no stalls! 

WON'T STALL EVEN WHEN JARRED = = 

Self-aligning sleeve-type bearings have finger-type pressure DIAMETER—2'" LENGTHS 

plate for uniformity of alignment. SERIES MOTOR SHUNT MOTOR 
= FULL LOAD 5000 t 2000 to 

eee wv oramre® Gram. eaempemay~e SPEED 10,000 RPM. 7000 R.P.M. 

Helps maintain smooth performance under all conditions... 

j icati MAXIMUM H.P. 1/12 1/20 
makes this motor ideal for gear applications. toes wth 10,060 A sont neu. 
INCREASED BRUSH LIFE MAXIMUM H.P. 178 @ obf}2 & 
Brush holders are broached to hold close tolerances for brush Intermittent 10,000 R.P.M. 5000 R.P.M. 
alignment. VOLTAGES 12 to 230 V. AC/DC 6 to 120 V. DC 

WRITE FOR DETAILS AND NEW CATALOG eee at ees oe — 

& ge ; : 
Y i I / i HOWARD INDUSTRIES, INC., 1735 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 
wae! > sy Sales Offices: Les Angeles 3¢ 942 S. La Brea Ave., WE 8-2444 
HOWARD Chicage area: 576 Northwest Hwy., Des Plaines, Ill.,VA7-6173 New York area: 157 Brood St., Redbank, N. J., SH 1-3356 
Festus, Mo., 1049 Front St., YE 7-3606 New York City: Phone BA 7-1314 






Representatives in Principal Cities—Consult Your Classified Phone Book 


Ene ELECTRIC MOTOR CORPORATION @ CYCLOHM MOTOR CORPORATION cS) LOYD SCUGGS COMPANY &® RACINE ELECTRIC PRODUCTS 
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PRODUCT DIRECTORY 


24 hour delivery of stocked prototypes 
Custom prototypes delivered promptly 
Small and large orders equally welcome 


Reliability Program for critical motors 


A.C. MOTORS 


Circle E-91 on Page 149 


{{Zi- 


TYPE SC MOYO-MITE* sub-miniature 400 or 60 cycle 
hysteresis-syachronous or induction motor: power, 
control or timing. OD 1\,”, length 1'%,”. Typ. output: 
0.12 oz. in @ sync speed. 

*Trademark 


TYPE MC MOTO-MITE* hysteresis-synchronous or 
induction 400 or 60 cycle motors. Torque, temp. rise 
or starting alterabie to specs. OD 14%”, length 24”. 
Typ. output: 0.8 oz. in @ sync speed. 


TYPE FC MOTO-MWITE* hysteresis-syachronous or In- 
duction 400 or 60 cycle motors for voltages up to 
200. OD 1°%,”, length varies to 24%” max. Typ. out- 
wt: 1.2 oz in @ sync speed. Ask about 3%,” dia. 
fc motor for larger applications. 


D.C. MOTORS 


Circle E-92 on Page 149 


TYPE VS MOTO-MITE* sub-miniature PM motor %, 
x %” * 1%”. Variety of applications include mill- 
tary and airborne electronic equip. 3 to 27 v. Typ. 
output: 0.25 oz. in. @ 10000 rpm. 


TYPE SS MOTO-MITE* rugged sub-miniature PM mo- 
tor. 19 standard windings available; also mech. and 
electromagnetic governors. OD %”, length 1%”, wt. 
2 oz. Typ. output: 0.4 oz. in. @ 10000 rpm. 


ji 


TYPE MM MOTO-MITE* PM motors. Many design 

ations, governors, brakes, clutches and sh! ined = 
closures available. 1%,” OD x 1%” or 2%". 
output: 1.0 oz. in. @ 10000 pm. 


al 


TYPE Li MOTO-MITE* similar to type 
or 2%” with shielded ee rye rf 
yp. output: 1.5 oz. in. @ 10000 rpm. Con in 

clude governor, brake, etc. 





TYPE 8D AND Gi MOTO-MITE* 1” dia. PM motors. 
21 std. windings for 4-115 v.d.c. Continuous duty to 
1/30 hp. 3.5 oz. in. @ 10000 rpm—8 oz. in. inter- 
mittent. Speeds gove nable within 0.1% 


Largest builder of precision miniature motors 


BAidwin 2-3741 


MiL specs and special development are routine 





TYPE GJ wound field motors for speed control, re- 
versibility, etc. OD 1%” , length 2” without shield- 
ing enclosure. Split series gives continuous duty to 
1/50 hp @ 10000 rpm. 


v 


TYPE GR shunt or series wound field motors meet 
a wide range of requirements, including a.c./d.c. 
universal operation. Continuous duty to 1/9 hp @ 
0000 rpm. 


GEARMOTORS 


Circle E-93 on Page 149 





1%" PLANETARY GEAR REDUCERS — high torque 
3” head produces 500 inch-pounds continuous duty, 
1000 inch-pounds intermittent. 36 ratios from 1.87:1 
to 520:1 in standard (142” head) or high torque 
design. 





14%” PLANETARY GEAR REDUCERS for type MM, LL, 
MC and FC motors. 101 ratios from 4:1 to 46656:1. 
Typ. output (LL): 1000 oz. in. @ 7 rpm. integral or 
built-up packages can have clutches, brakes, etc. 





SUB-MINIATURE PLANETARY GEAR REDUCERS for 
Type SS and SC motors—21 ratios from 3.82:1 to 
3687:1. OD is %”, overall length of unit from 
2%," to 3°,” . Typ. output @ 5 rpm: 300 oz. in. 


DEVICES 


Circle E-94 on Page 149 


MINIATURE HIGH TORQUE ROTARY AND LINEAR AC- 
TUATORS designed to your specs with component 
combinations: using potentiometers, limit and cen- 
toring switches, reversing relays, dynamic pratins. 
filters, etc. Torques to 500 inch pounds (1000 i 

ib, intermittent duty.) 


MINIATURE TIMERS, program, interval, or sequence 
types. Accommodate 5 or more SPDT switches, each 
with accuracy +2% of total timing cycle. Built to 
your specs, including high-shock, setability, auto 
reset, and reliability. 


GLOBE INDUSTRIES, INC. 


1784 STANLEY AVENUE 


LOBE 


DAYTON 4, OHIO 
TWX DY-276 


A.C. and D.C. GENERATORS 
as smail as 1%” x %” dia. 
A.C. output freq. is perfect- 
ly tinear with speed for 
tachometer and other uses. 
D.C. outputs of any desired 
slope produce up to 28 v/ 
1000 rpm. 





at 


BLOWERS 


Circle E-95 on Page 149 


VAX-5.5 VANEAXIAL BLOWER 
for large volume delivery 
against high system resist- 
ance. 542” dia. model has 
300 cfm. output @ 3” H,0. 





VAX-4.5 (44” dia.) 115 vortts 
a.c./d.c. universal delivers 
220 cfm @ 1.8” H,0. wigh 
altiude version: 140 cfm 

5” H,0 ® 25000 ft. alt., 
cfm. @ 5” H,0 sea level. 


VAX-4 (4.15” dia.) 400 cycle 
a.c. model for high ait. per- 
formance: 140 cfm. @ 2.1” 
H.0 at 25000 ft. 95 cfm. @ 
2.2” H,0 sea level. 24 hour 
Prototype delivery. 


VAX-3 (3” dia.) for 100 cfm 
@ 3.5” H,0 using 115-200 
V.a.c., a) 3 phase or 
70 cfm. @ 1 20 with 
28-115 v.d.c. — ah 76 cfm. 
1.5” H,0 using 115 v.a.c./ 
.C. universal. 
STAX-3-FC multi-stage Bo 
ry a.c. for 39 cfm. @ 1 


_. on 115 ,-& 200 va 7 
or 3 phase: long model 
for 37 cfm. é 1.5” H,0 us- 
ing 26-115 v.d.c. Weight: 5 
oz. 24 heur prototype de- 
livery. 


as & D.C. CENTRIFUGAL 
CW or CCW with 

vant or left hand scrolls 
deliver air where static 
—— is -. Rated up 
to 50 cfm 70. 13 
phenolic Piastic. or alumi- 
num scroll models: 1” to 
2%” rotors. 0.C., Universal 
a.c./d.c., 60 or 400 cycle 
or variable frequency. 


cesuet 


TUBE-AXIAL BLOWERS deliv- 
er cooling air against mod- 
erate back pressures. Many 
airborne lications. Up to 
169 cfm. free air with d.c., 
400 or 60 cycle a.c. or vari- 
able frequency power. 


+ 


FANS designed for 
high volumetric efficiency 
where — resistance is 
low. cfm on a.c. 
or d.c. sin” dia. models. 
Screens, shrouds, mounting 





units can be furnished 


PLEASE WRITE ON YOUR LETTERHEAD 
FOR COMPLETE 100 PAGE CATALOG. 


also makers of clutches, brakes, vibrators, servo motors, differentials, motorized potentiometers 
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FOR THE ELECTRIC MOTOR 
THAT MATCHES YOUR NEEDS 


simply say Delco 


Check the Delco Electric Motor that meets your requirements, 
then check with Delco Products for full information, plus 
application and engineering assistance. 


% TO 150HP POLYPHASE 


Delco Polyphase Motors provide rugged, maintenance-free operation through 
rigid engineering specifications plus close tolerance manufacturing. Features: 
Cast Iron Frames, Integrally Cast Feet, Cast Iron End Frames, Double- 
Checked Bearing OD and Housing ID, Regreaseable Bearings, Die Cast 
Aluminum Rotor, Integral Fan Blades and End Rings and Conductors, Keyed 
Rotor and Shaft. 


Close-Couplea Hydraulic Pump Motors [] 

Cooling Tower Motors [] 

Crane and Hoist Motors [] 

Flange Motors (C & D) [] 

Gear Motors (Round Frame & Shovel Frame) [] 
High Slip, High Torque (NEMA Design C) Motors [] 
High Slip, High Torque (NEMA Design D) Motors [] 
Increment Starting Motors [] 

Motor Generator Sets [] 

Motor-Mounted Brakemotors [] 

Motor-Mounted Plugging Switch Motors [] 
Multi-Speed Motors [] 

Press Drive Motors [] 

Rapid-Reversing Motors [] 

Propeller Fan (Air Over) Motors [1] 

Solid Shaft Pump Motors [] 

Special Shaft Motors [] 


1 TO GOHP GEAR MOTORS 


Delco Style SF and RF Gear Motors are proved best by performance, even 
under grueling applications. Features: Inspection Cover, Stainless Steel 
Name Plates, Helical Gears, Heavy-Duty Ball Bearings, Output Shaft and 
Bearings, Double Output Shaft Seal, Large Size Cast Iron Gear Housing, 
Heavy Cast Iron Shovel Base, Rugged Mounting Base, Magnetic Drain Plug. 


%yo TO 7%2HP SINGLE-PHASE 


Delco Single-Phase Motors provide maximum electrical efficiency and ultra quiet 
Operation through critical selection of materials, improved desi ign, dynamic balance 
of rotor, and controlled uniformity of rotor air-gap. Fractional Horsepower features: 
Die-cast Aluminum End Frames, Precision Machined Main Frame, Large Capacity 
Oil Wells, Formvar Insulated Stator Windings, Centrifugal Starting Switch, Ther- 
motron Overload Protector, Static and Radio Interference Capacitors, Permawick 


Type Lubrication. 


() Laundry Appliance Motors [[] Kitchen Appliance Motors [[] Refrigeration Motors [(] Jet 
and Sump Pump Motors [] Blower Motors [[] Oil Burner Motors [—] Lawnmower Motors 
([) General Purpose Motors [_] Hobby Shop Motors [[) Bench Grinders 

Integral Horsepower features are consistent with Delco Polyphase Motors. 


Delco 
ProductsS owision oF cenerar morors 


329 East ist Street « Dayton 1, Ohio 
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OI 


OPEN DRIP PROOF 


550 volts, 900 through 
3600 RPMs. 





CI 


TOTALLY 
NON- 


ENCLOSED, 

VENTILATED (55°C) 

Y—1 HP (2 or 

3 phase) 220/440, 
poy poe 208/416 


and 550 volts, 900 
through 3600 RPMs. 





CJ 


pt DRIP PROOF 
(40°C) Yr—150 HP 

(2 or 3 phase) 208, 
220, 440 and 550 voits, 
600 through 

3600 RPMs. 





LI 


TOTALLY 
ENCLOSED, FAN- 
COOLED (55°C) 
Ya—100 HP (2 or 

3 phase) 208, 220, 
440 and 550 volts, 
600 through 

3600 RPMs. 





OI 


EXPLOSION PROOF, 
NON-VENTILATED 

















STYLE SF GEAR f 


MOTOR eth oh u, Ly} ~ tama 
Reductions between 520 and 13.5 








CO 


INTEGRAL HP 
SINGL ASE 




















PRODUCT DIRECTORY 


A-C SHADED POLE 


select the REVERSIBLE MOTORS 





motor 
needed for 
your ee 
application a 
Did you know that Barber-Colman Company makes both a-c and Ms 
d-c motors? On these pages we have tried to tell very briefly a ee 
little about each of our motors. Featuring high quality at low cost, oe AYAE-DYAE-KYAE 
Barber-Colman 115 volt a-c (6-220 volt optional) shaded pole ioe Specifications: 
motors are excellent for commercial and industrial applications. get Rated horsepower .00015 to .006 
Barber-Colman d-c precision motors are available in a variety : Length ...... 1-13/64” to 1-53/64" 
of voltage ranges, styles and specifications to meet airborne and rs plus shaft a 
industrial applications. Look at the motors illustrated and phe a POLO TRESS ett ls 
then ask us for more literature on the one that interests you most. . noperation an d el anendiix anal 
- Ppical applications — servomech- 
BARBER-COLMAN COMPANY ft anisms, remote switching and po- 
ROCKFORD, ILLINOIS oa sitioning devices, and pen drives. 





A-C SHADED POLE UNIDIRECTIONAL MOTORS 
FOR COMMERCIAL APPLICATIONS 





OYAE 
Specifications: 
Rated \ aeengenad .0055 to .04 
AYAA — DYAA — KYAA DYAB — KYAB SED «.k.c'n 00'S « 3-1/8” plus shaft 
Specifications: Specifications : Dimensions ....... 3-7/8” x 3-7/8" 


Remarks . Adaptable to 1 or 2-phase 
operation and electronic control 

Typical applications—servomec 
isms, recording instruments and 


Rated horsepower .0007 to .0010 Rated horsepower .0017 to .0066 
Length ..... ... 1-1/8” plus shaft Length ... 1-5/8” to 2” plus shaft 
Dimensions.... 2-7/32” x 2-1/4” Dimensions... 2-3/8” x 2-19/32” 
Remarks ....Exceptionally small Remarks . .High starting torque 


and compact Typical applications — slide pro- automatic weighing machines. 
Typical applications — fan blades, r fans, hair dryers and re- 

blowers, reroll chart drives, pho- rigerators, vending machines, 

nographs, and gear trains. office machines, and rotisseries. 


A-C SHADED POLE 
SYNCHRONOUS MOTORS 


’ 





DYAF — KYAF — OYAF — CYAF AYAR — BYAR — CYAR — DYAR ¢ DYAJ — KYAJ 
Specifications: ss Specifications: 
Rated horsepower .0045 to .032 Specifications: ae Rated horsepower .0043 to .0086 
wh gah 1-5/8” to 2-9/16” Rated horsepower i... Length 1-3/4” to 2-1/8” urbe shaft 
plus shaft Length ..... 1-29/32" to3- 11/32" er os Dimensions .. 2-11/32" x 2-19/32" 
Dimensions... 2-21/32" x 2-3/4" plus shaft eis or 2-23/64” x 2-19/32” 
. .High runni ng to ue Dimensions... .. 3-1/8” x 3-1/4” : Remarks . . . Develop 30 times power 
Typical ap] lications — ans for Remarks ...... High start or high a of ordinar clock motors 
hea rizers and elec- power rotors available pe Typical applications—oscillographs, 
tronic equipment; blowers and Typical applications — pumps, oe on scoreboard timers, viscometers, 
gear trains. humidifiers, vaporizers, combus- De facsimile recorders, x ray timers, 
and microfilm cameras. 


tion and industrial controls. eae 
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A-C GEARED MOTORS 
SYNCHRONOUS UNIDIRECTIONAL 
REVERSIBLE fs 





DOUBLE-PLATE 


ENCLOSED a 


Barber-Colman a-c geared motors 
provide ratios from 4:1 to 
1,333,800:1. Heavy duty gears and 


output shaft plus long life lubrica- 


tion add to the reliability of these 
geared motors. 





A-C 400-CYCLE MOTORS 


= 


AYLO 





Specifications: 
Type . .Split-phase capacitor, squir- 
rel cage rotor 


horsepower ...up to 40 mhp 
intermittent duty 
OOD. ic ones weld ae 115 V a-c 


Rated speed ... 9500 to 11,000 rpm 


Length .. 2.20” excluding shaft and re 
brake Pes 

MUU osc x o'vca oh e.s earemetn 1.50” bee 

Brake ....400-cycle brake optional RF 





se we 


A-C & D-C TACHOMETER | 
GENERATORS | 


For Commercial! Installations 


Type DYAE a-c ‘ 
reversible shaded in 
ole motor acts as a 
ow-cost, rugged, ac- 
curate, and epend- 
able a-c tachometer 
or rate generator. 





DYAE 


Precision For Military Usage 


BYLM and FYLM 
generators are ca- i 
pable of output volt- ee 
ages up to 40 volts * 
per 1000 rpm, with 

h linearity and 
low ripple content. 
Excellent for servo 


rate feed back. 





BYLM 


1961 Edition 





1—GENERAL-PURPOSE MOTORS—FRACTIONAL 
6-115V D-C PRECISION PERMANENT MAGNET, 
REVERSIBLE MOTORS FOR AIRBORNE 
AND INDUSTRIAL APPLICATIONS 


a 


Specifications: 

Rated horsepower ......up to 0.1 
intermittent duty 

Rated speed . 5,000 to 20,000 rpm 


Power input ...... 7 to 155 watts 
RES i so Sd aes 6 2.19” to 3.19” 
excluding shaft 

EE a cxchws 6 aa ode 1.50” - 





Dh tw —EYLM 
Specificaticas (EYLM —): 
Rated horsepower .... up to .055 


intermittent duty 
Rated speed . 5,000 to 20,000 rpm 


Power input ...... 7 to 155 watts 

fa 1.83” to 2.45” 
excluding shaft 

oi Sake bh 2 ' aalee 1.38” 


DYLM is a split series motor in 
the same envelope. 





Typical Specifications (27 er 


Horsepower .........+-+++- 
intermittent duty 
oR a 1.0 oz-in. 
SS Pare 17,000 rpm 
Power input ........... 23 wa 
Tink o's Gan aeds 1.59” 
po eS re 1.00” 





€ 


Specifications: 

Rated horsepower ..... up to .055 
intermittent duty 

Rated speed . 5,000 to a rpm 

Power input ....... 2 to 70 watts 

SPE Si 1.77” to 2.40” 

excluding shaft 

BUND i354 6 ccunactan ous 1.25” 


Features .constant brush a peeanaiens 
R3 bearings; 3/16” dia 





GYLM with Matching gearhead 


Specifications: 

Rated horsepower ..... up to .040 
intermittent duty 

Rated speed . .2,000 to 24,000 rpm 

Power input ....... 3 to 60 watts 

oa ee eens are 
excluding shaft and gearhead 

Diameter .......... x 1.63” 

Remarks . eo etd 
optional, as illustrated. 


GEARHEADS, BLOWERS, 
RIGHT-ANGLE DRIVES, 
FILTERS, GOVERNORS, 
MAGNETIC BRAKES 


Barber-Colman d-c motors can be 
adapted to a variety of uses. Sev- 
eral sizes and styles of blowers and 
—— are available. Right- 
angle drives and multiple- 

outputs can also be had ree 
applications. Radio noise filters, 
governors, or I etic brakes fur- 

if required. 





D-C BATTERY-OPERATED MOTORS 





BYOM 


Voltage range ....approx. 3 to 30 
Governed apeed. 

approx. 1200 to 6000 rpm 
ye 0 to .20 oz-in. 
Maximum dia .......:.... 1.29” 


HYQM 
Voltage range ..... 4.5 to 30 volts 
Governed speed 1500 to 5000 rpm 
BOOS. on. xunweiins 0 to .20 oz-in. 


BARBER-COLMAN COMPANY 
Dept. X, 1973 Rock Street, Rockford, Illinois 
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RAE FHP MOTORS. 


DESIGNED FOR YOUR NEED 





























La 

° =o c 243! 

. SPECIFICATIONS 

r Mox.| | Frames — Die cast zinc. Ventilated or 
- HP.| Al! B c enclosed. 

- % ~ - Volt a 220 AC/D 

; 1/301 % | 2% 1% rn 6 to 0 AC/DC or DC 
° 1/2011 27 15 Bearings — Boll or sleeve. 

: 4x7 6@=—COti~iaSzC‘“]CSSCLOE SM ae | | Shaft dic. — Ya" max. with boll 

° M62 & M65) 1/15) 1% 3% 1%, bearings. 

. kawd 4 - : 2 

; M63 & N6611/10] 1% | 3% | 2% | pores cottons Neve Denrins 


Shaded pole notor—use alone or 
a@s backbone for geared motor 


every Gay... 
Brevel meets 
unusual 
specifications 
for small motor 
applications 


Your new appliances get into 
production—and to market— 
faster, at lower cost when 
BREVEL supplies your mo- 
tors. Chances are we have a 
suitable design! 








You can rely on BREVEL’s 
experienced specialization to 
design, engineer, and volume- 
produce precision motors that 
give consistently superior serv- 
ice at low cost. 


Our representatives cover ev- 
ery part of North Americe 
from local offices. Write, wire, 
phone now .. . and find out. 


BREVEL 


BREVEL PRODUCTS CORP. 

manufacturers of small motors for the appliance industry 

615 West 26th Street, New York 1 © WAtkins 4-4737 

LOSANGELES. | buch Enoamin' £5t5 Sanat Be. Hlipwood 9-793 
8 nm. * 

TORONTO: Breve! Products, L 45 Crockford Bivd. 





PL 7-5140 
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THE M-60 SERIES illustrated above is one of the 
many specially designed Rae FHP motors which can 
improve your product and/or reduce your ultimate 
costs through careful engineering application. 

Many years of specialized FHP motor production 
with emphasis on quality and advanced design for 
leading manufacturers assures greatest possible 


product satisfaction. 


Send for the Rae Motors Engineering Data Sheet. 


AC/DC Universal * OC Shunt Wound « OC Series 
Wound Gear Reduction Motors ¢ Governor Con- 
trolled Motors « Motors for Rheostat Control « 
Motors for Electronic Control « Permanent 
Magnet Motors and Gearmotors. 


Box 518 . 


Motors — application engineered 


McHenry, Illinois 


Circle E-20 on Page 149 








MODEL DC 195 


© Wide range of quality commer- 
cial grade motors wound for 12 
volts D.C. Other windings from 
3 to 28 volts available for most 
motors on special order. 


1 11/16” long x %” 
wide x 57/64” high. 
Shaft extends %”. 
Weight 1% oz. 
0.0018 horsepower. 


¢ All motors equipped with self- 
lubricating powdered metal 
bearings, copper graphite 
brushes, and double insulated, 


impregnated windings. 


¢ Integral gearing can be incor- 


MODEL DC 105 porated to customer's specifica- 


tions in production quantities. 


¢ Data sheets for individual mo- 
tors available on request. 


2 11/16”long x 1%” 
wide x 2 1/16” high. 
Shaft extends %” 
each end. 

Weight 17 oz. 

0.031 horsepower. 
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ELECTRICAL DEVELOPMENTS CO. 
SELLERSVILLE, PA. 
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SECTION 


PRODUCT DIRECTORY 








General-Purpose Motors 
Integral Horsepower 


NTEGRAL-HORSEPOWER motors listed in this section are designed to 
conform to NEMA standards for general-purpose motors, or are built 
as stock items. Often grouped under the broad title of “standard” 
motors, these motors include all integral-horsepower motors designed and 
built without restriction to a type of application. 

Integral-horsepower motors with special mechanical and/or electrical 
modifications are listed in Section 4, under Gear, Brake, Clutch, and Torque 


Motor categories. 


Standard general-purpose integral-horsepower motors are available in 
a multitude of enclosure and mounting combinations. Motors in this section 
are categorized according to electrical input and electrical type. Major 
categories include: Ac single-phase, ac polyphase, direct-current, and uni- 
versal (ac-de) motors. Each major category is subdivided by electrical type, 
and coded according to enclosures and mountings available. 


Ac Single-Phase 
Squirrel-Cage 


Squirrel-cage induction motors consist 
of a stator connected to a power source, 
and a rotor of squirrel-cage construction 
which carries induced current. These mo- 
tors are employed where a relatively con- 
stant but not synchronous, speed is de- 
sired. 

Single-phase squirrel-cage motors require 
& starting phase-displacement circuit to 
produce starting torque. 

Entries in this category are classified 
according to starting method. Each en- 
try carries a two-unit code consisting of 
letters and numerals. The letters indicate 
enclosure types: 

A. Open 

B. Dripproof 

C. Splashproof 

D. Totally — enclosed, 

(TENV) 

E. Totally enclosed, fan-cooled (TEFC) 

F. Explosionproof 
The numerals indicate mounting types 
available: 

1. Rigid base 

2. Resilient base 

3. Band mounted 

4. Flange mounted 

5. Face mounted 

6. Vertical mounted 


nonventilated 


1961 Edition 


Split-Phase 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Fuller- 
ton, Calif. 


DF, 45 


General Precision Inc., Kearfott Div., 1150 
McBride Ave., Little Falls, N. J. 
A, B, C, D, E, F, 1, 2, 3,45, 6 


Howell Electric Motors Co., 409 N. Roose- 
vm Howell, Mich. 


Standard Electric Mfg. Co., Hoddon Ave., 
West Berlin, N. J. 
A, B, C, D, E, F, I, 2, 3, 4, 5,6 


Resistance-Start 


General Precision Inc., Kearfott Div., 1150 
McBride Ave., Little Falls, N. J. 
A, B, C, D, E, F, 1, 2,3,4,5,6 


Reliance Electric & Engineering Co., 24701 
Euclid Ave., Cleveland 17, Ohio 
A, B, C, D, I 


A. O. Smith Corp., Motor Div., 3533 N. 
is. 


27th St., Milwa 1, W 
A, B, I 
Standard Electric Mfg. Co., Hoddon Ave., 


West Berlin, N. J. 
NE CDI'E FI, 23,45,6 


Valley Electric Corp. 4221 F Park 
Blvd, St. Louis & Mo. iy 
A, B, C, D, 1, 4,5, 6 

(See Ad, Page 196) 


Capacitor-Start 


Louis Allis Co., 427 E. Stewart St., Mil- 
waukee 1, Wi 


is. 
B, D, E, F, 1, 4,5, 6 
(See Ad, Pages 


194 and 195) 

Baldor Electric Co., Motor Div., 4353 

Duncan Ave., Louis, Mo. 

A, D, E, 1, 3, 4, 5, 6 
Brook Motor Co 3302-04 W. Peterson 

Ave., wee Ill. 

B, E, 1,4 

(See Ad, Page 205) 

Brown-B Co. Inc. P. O. Box 


989, Dayton 1, Ohio 
A, B, C, D, E, F, 1, 45,6 
Century Electric Co., 1806 Pine St., St. 


ABCD, EF, 1, 2, 3,45, 6 
(See ‘Ad; Page 183) 
Doerr Electric Corp., 510 N. Fourth St., 


Yeah ei 

A, B, C, D, E, F, 1, 2,3, 4, 5,6 

Electra Motors Inc., 1110 N. Lemon St. 
Anaheim, Calif. 
A, B, E, F, 1, 4, 5, 6 

The Emerson Electric Mfg. Co., 8100 
ee Ave., St. Louis Mo. 


Fairbanks, Morse & Co., 303 N. Hender- 
=, F Ill. 


Franklin Electric Co. Inc., 400 E. Spring 
St., Bluffton, Ind. 
C, 1, 4, 5, 6 
(See Ads, Pages 182 and 184) 
General Electric Co., Small Integral Mo- 
BERULSZ4S 6 
og a 
ectri AC Moto: 
Generator Dept, Schenectady, N. Y. 


D, 6 
ioe Gee" Ad, ages’ 201-204) 


Div., 329 E. First St., Dayton 1, Ohio 
A, B, C, 1, 2, 3,4, 5,6 


General Precision Inc., Kearfott Div., 1150 
McBride Ave., Little Falls, N. J. 
A, B, C, D, E, F, I, 2, 3, 4, 5, 6 


Holtzer Cabot Corp., 125 Amory Bos- 
ton 2 ee ms 


A, 

Howell Electric Motors Co., 409 N. Roose- 
velt, Howell, Mich. 

A, B, C, D, E, F, 1, 2,4, 5,6 
ack & Heintz, Div. of The Siegler Corp., 
late Rag. Bit, -A 
A, B, C, D, I, 3, 4, 5,6 

Lima Electric Motor Co., 4886 Findlay Rd., 


B 
Marathon Electric Randol 
& Cherry Sis. Waustu, Wi Pe 


& ts., . 
A, B, C, D, E, 1, 2, 3, 4, 5,6 








PRODUCT DIRECTORY 
Sterling Electric Motors Inc., Subsidi 
Tas 


Hathaway Instruments Inc., 5401 
aph nies eles 22, "Calif. 
Bc. D, E, 1, 4, 5, 6 
Valley Biecwtic Corp., 4221 Forest Park 
Blvd., St. Louis 8, Mo. 
A, B, = D, E, 1, 4, 5, 6 
(See Ad, Page 196) 
Wagner Electric Co po 6400 Plymouth 
ove ¢ St. Louis rae 
; seo hd’ P Pegs: 198 and 199) 
Westinghouse Electric te Motor & 
Sea wu N. Y 


Westi 145.6 o 
x's 4 Pittsb’ 
B, C, E, 1, 2, 4, 


ainiadaabihii Capacitor 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Fuller- 


Calif. 
5D F4 5 


Doerr Sherrie oe 510 N. Fourth St., 


ae 
AB GD, E E, F, 1,2,3,4,5 
Franklin Co. ‘Inc., 


= ee Ind. 
" See Ads, Pages 182 and 184) 
PBieerste Sat 2 Small AC Motor & 


Generator De y, 
BODE RGSS. 
Pages 201-204) 


General Lawiw. Inc., te tearen pi 1150 
McBride et Lite Falls, N. 


. Gate- 


Ps Spring 


A, B, C, D, Fe 3, 4, 5, § 
Holtzer fae Cn »., 125 Amory St., Bos- 
ton 19, ge 


A, E, 1 
Howell Electric Motors Co., 409 N. Roose- 
~ Howell, Mich. 


he & Heintz, Div. of The Siegler Corp., 
4 B way, Cleveland, Ohio 


cD 
Standard Electric Mfg. Co., Hoddon Ave., 
West Berlin, N. J 


A, B, C, D, a4 1, 2, 
Westera Design, Dv. 23455 indu 


stries 
ny ht, Galeta, 


Westinghouse Electric Corp., Motor & 
Gearing, Buffalo, N. Y. 
B, E, 1, 4, 5, 6 


Two-Value Capacitor 


Louis Allis Co., 427 E. Stewart St., Mil- 
waukee |, Wis. 
B, E, F, 1, 4, 5, 6 

(See Ad, Pages 194 and 195) 


Century pene Co., 1806 Pine St., St. 
A, B, C, Ieee Ad E, F, 1, 2, Pat 183)" 6 
7 hoy “cor, 510 N. Fourth St., 
BC BEF, ,.2,3,45,6 


Oneal lectric Co., Small AC Motor & 


1.45.6 nan 
(See Ad, Pages 201-204) 


B, C, D, 5, 6 
Marathon” an} vile. Co ep Randolph 
Cc, D. 

a ri a A 

est 
4.4 - rp Bs sian 
W. Electric h 
Ave., St. Louis 33, : 


AMEBCDE 
sits iy ities Sch Sin 


> 
) 


Westinghouse Electric Come. Three Gate- 


ey Center, Pittsb , Pa. 
A, B, C, E, I, 2, 4, 6 
Shaded-Pole 


General Precision Inc., Kearfott Div., 1150 
a eet Ave., Little Falls, N. J. 
A, B, C, D, E, F, I, 2, 3, 4, 5, 6 
feat Electric . as Co., Hoddon Ave., 
West Berlin, N. J. 
A, B, C, D, E, F, I, 2, 3, 4, 5, 6 


Ac Single-Phase 
Wound-Rotor 


Wound-rotor induction motors have 
slip-rings to provide external connection 
of the armature windings. Adjustable 
speeds are obtained through the insertion 
of resistors in the armature circuit. 

They are particularly adaptable wher- 
ever high starting torque and low start- 
ing current are required; where heavy or 
delicate loads must be accelerated gradual- 
ly and smoothly; and where adjustable- 
speed operation is desirable. 

Single-phase wound-rotor motors require 
a starting phase-displacement circuit to 
produce starting torque. 

Entries in this category are classified 
according to starting method. Each en- 
try carries a two-unit code consisting of 
letters and numerals. The letters indi- 
cate enclosure type: 

A. Open 

B. Dripproof 

C. Splashproof 

D. Totally enclosed, nonventilated 

(TENV) 

E. Totally enclosed, fan-cooled (TEFC) 

F. Explosionproof 
The numerals indicate mounting types 
available: 

1. Rigid base 

2. Resilient base 

3. Band mounted 

‘. Flange mounted 

5. Face mounted 

6. Vertical mounted 


Repulsion 


Northwestern Electric Co., 1750 N. Spring- 
— Ave., Chicago, ll. 


Repulsion-Start 
Bea Doran a oo Inc., P. O. Box 


ABRCDEE 
Century Electric oe 4 56 Pine St., St. 
Louis 66, Mo. 
A, B, rom B! I, at 5, 6 
Ad, Page 183) 
Howell mm... Motors Co., 409 N. Roose- 
he Howell, Mich. 


Marathon Electri a ag 

ra _- vie Mie. Randolph & 

A, B, ata E, I, 2, 3, 4, 5, 6 

Wagner Electric Com. 

Ave., St. Louis 33, Mo. tS oe ge 

A, B, D, 1,4,5 
(See Ad, Pages 198 and 199) 


Macuine Desicn—Tue Exvecrric Motor Book 


Repulsion-induction 


Baldor Electric Co. Motor Div., 4353 
Ave, ®. “Louis, Mo. 


689. n 1, Ohio 

A, B, C, D, E, F, 1, 4, 5, 6 
General Motors Corp., Delco Products 
Div., 329 E. First St. Dayton 1, Ohio 


A, B, | 

Holtzer Cabot Corp., 125 Amory St., Bos- 
ton 19, Mass. 
A, D, I 

Northwestern Electric Co., 1750 N. Spring- 
field Ave., Chicago, Ill. 


B 
—- ding wl Co., 1401 W. Market St, 


Nea B45 
A. O. Smith Corp., 531 N. Fourth St, 
Hw Se Ohio 


Wagner Electric Co 6400 Plymouth 
Ave., St. Louis 33 33, Mo. 


F 
AO na, Pagw 199 and 198) 


Ac Single-Phase 


Synchronous 


Synchronous motors operate at truly 
constant speed—they cannot run with any 
slip. Stator windings have the same 
arrangement as nonsynchronous induction 
motors, but the rotor does not slip be- 
hind the rotating magnetic stator field. 
If the motor starts to slip, due to over- 
load, it pulls out of synchronism and 
stalls. 

Self-starting single-phase synchronous 
motors employ a reluctance, hysteresis, or 
shaded-pole starting method. 

Entries in this category are classified 
according to starting method. Each entry 
carries a two-unit code consisting of letters 
and numerals. The letters indicate en- 
closure type: 

A. Open 

B. Dripproof 

C. Splashproof 

D. Totally enclosed, nonventilated 

(TENV) 

E. Totally enclosed, fan-cooled (TEFC) 

F. Explosionproof 
The numerals indicate mounting types 
available: 

1. Rigid base 

2. Resilient base 

3. Band mounted 

4. Flange mounted 

5. Face mounted 

6. Vertical mounted 


Reluctance 


Doers, Electric Gore» 510 N. Fourth St, 


Wis. 
CBC, EP, 1, 2,3,4,5,6 
qed ee Small AC Motor & 


ly, N. Y. 
wy Rewer cue. 


General Electric Co., Small Integral Mo- 
tor Dept, Ft. Wayne, Ind 
"Gee Ad, Pages 201-204) 


oomph Piss 22a e FIRE. 





§ wa 8 mm 





more pz ose “ope wal pmk pak peb 


psf 


= 





g 


ee Se ee 


S& BP RPBRESS 


atk 


ed 





General Precision Inc., Kearfott L Pir. 1150 
Meee Ave., Little Falls, N. J. 
B, C, D, E, F, 1, 2, 3, 4, 5, 6 


Howell Electric Motors Co., 409 N. Roose- 
velt, Howell, Mich. 

BCD, E, F, 1, 4 5, 6 
Reliance Electric & Eageecring Co 24701 


Euclid Ave., Cleveland 1 
A, B, C, 1, 4,5, 6 


Reuland Electric Co., 3001 W. Mission 
Rd., Alhambra, Calif. 
B, C, D, E, 1, 4, 5, 6 
(See Ad, Page 200) 


Western Design, Div. of U. S. Industries 
Santa Barbara Airport, Galeta, 


Calif. 
F,1,4,5 
Hysteresis 


American Electronics Inc., Electro- 
oe Div., 1596 E. Ross Ave., Fallen 
if. 
D, . 4, 5 


General Precision Inc., Kearfott Div., 1150 
McBride Ave., Little Falls, N. J. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 


Western Design, Div. of U. S. Industries 
= Santa Barbara Airport, Galeta, 


Calif. 
F145 
Shaded-Pole 


General Precision Inc., Kearfott Div., 1150 
McBride Ave., Little Falls, N. J. 
A, B, C, D, E, F, I, 2, 3, 4, 5, 6 


Ac Polyphase 


Polyphase motors are suitable for use 
only on alternating current of more than 
one phase. The majority of these mo- 
tors are built for operation from three- 
phase circuits. 

Polyphase motors are built in squirrel 
cage, wound rotor and synchronous de- 
signs. Unlike single-phase motors of the 
same design, polyphase motors do not 
require a starting phase-displacement cir- 
cuit to produce starting torque. 

Entries in this category are classified 
according to electrical type: Squirrel-cage, 
wound rotor, and synchronous. Each en- 
try carries a two-unit code consisting of 
letters and numerals. The letters indi- 
tate enclosure type: 

A. Open 

B. Dripproof 

C. Splashproof 

D. Totally enclosed, nonventilated 

(TENV) 

E. Totally enclosed, fan-cooled (TEFC) 

F. Explosionproof 
The numerals indicate mounting types 
available: 

1, Rigid base 

2. Resilient base 
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3. Band mounted 
4. Flange mounted 
5. Face mounted 

6. Vertical mounted 


Squirrel Cage 

Allis-Chalmers Mfg. Co., 1126 S. 70th St., 
Milwaukee, Wis. 
B, D, E, F, 1, 4,6 

Los Sh S ae Set, 


waukee | 
B, D, E, é 1, 4,5,6 
(See Ad, Pages 194 and 195) 
American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Fuller- 
ton, if. 
D, F, 4,5 
Baldor Electric Co., Motor Div., 4353 
Duncan Ave., St. Louis, Mo. 
A, B, C, D, E, F, l, 3, 4, 5, 6 


Brook Motor Corp., 3302-04 W. Peterson 
Mw. Chicago , Til. 
B, C, D, E, F, 1, 4, 5,6 
(See Ad, Page 205) 
oy on Inc., P. O. Box 
Dayton 
RBROCDER I 1, 4, 5,6 
Century Pag my Co., 1806 Pine St. St. 
oe & 


A, B CD "BF 1, 24,5,6 
(See Ad, Page 183) 


Continental Electric Co., 325 Ferry St., 
ew: 


5, N. J. 
A, B, C, D, E, F, 1, 4, 5, 6 
Electra Motors Inc., 1110 N. Lemon St., 


im, § 
A, B, C, D, E, F, 1, 4, 5, 6 


Electric Ma Mfg. Co., 800 Central 
Ave., Minneapolis 13, Mi 
A, B, C 


Electronic Specialty Co., Eemco Div., 4612 
W. Jefferson Blvd., Los Angeles 16, 


Calif. 
A, B, C, D, E, F, 1, 2, 3, 4, 5,6 
Elliott Co., Div. of Carrier Corp., Jean- 


nette, Pa. 
A, B, C, D, E, F, 1, 2, 4, 5, 6 
(See Ad, Page 197) 
The Emerson Electric Mfg. Co., 8100 
eae t Ave., St. Louis 36, Mo. 


Fairbanks, Morse & Co., 303 N. Hender- 
son, Freeport, IIl. 

A, B, C, D, E, F, 1, 4, 5, 6 

General Dynamics/Electro Dynamic, 163 
oan A, Bayonne, N. J. 

B, C, D, E, F, 1, 4, 5, 6 

General Electric Co., Small Integral Mo- 

tor Dept., Ft. Wayne, Ind. 
B, D, E, F, 1, 2, 4, 5, 6 
(See Ad, Pegs 201-204) 

General Electric Co., Medium AC Motor 
& Generator Dept., Schenectady, N. Y. 
B, C, E, F, 1, 4,6 

(See Ad, Pages 201-204) 
General Electric Co., Small AC Motor & 


Generator Dept., Schenectady, N. Y. 
B, C, D, E, F, 1, 4, 5, 6 


(See Ad, Pages 201-204) 


Holtzer Cabot Corp., 125 Amory St., Bos- 
ton 19, Mass. 


A, E, F,1 


2—GENERAL-PURPOSE MOTORS—INTEGRAL 

Howell omg Motors Co., 409 N. Roose- 
velt, Howell, Mich. 

A, CDE L2 45,6 

Ideal Electric & Mfg. Co. E. First & 
Oak Sts., Mansfield, Ohio 

A, B, D, E, 4 


al Electric Co., Akron 9, Ohio 
B, D, EF, 1, 45,6 
(See Ad, Page 193) 


ck & Heintz, Div. of The Corp., 
~ 7627 Broadway, Cleve 0 Bic o 
A, B, C, D, 1 = Or om 


Lima yang Motor Co., 4886 Findlay 
Rd., Ohio 
B, D, E »1,4,6 
The Lincoln wine Co., 22801 St. Clair, 
Cleveland 17, Ohio 
(See Ad, Pages 185-192) 
“= — a Sg! 9 Randolph 


RE@D, EEL 23, 4.5,6 


The Motoresearch Mfg. Co., 1600 Junction 
A'S — Wis. 


> ~_o" Co., 1401 W. Market St., 


ARG ED, mE E, 1, 4, 5, 6 


Reliance Electric & Engineering Co., 24701 
Euclid Ave., ae % Ohio 
A, B, C, D, E, F, 1, 4, 5, 6 


Reuland Electric Co., 3001 W. Mission 
Rd., Alhambra, Calif. 
A, B, C, D, E, 1, 4, 5, 6 
(See Ad, Page 200) 
Saf Electrical u 
oy hae ioe fovee, Gree. 
A, B, C, D, E, 1, 46. 
A. a om Bi og 531 N. Fourth St. 


AE CEL 2 45,6 


Standard Electric Div., Standard Dayton 
Corp., Box 1001, Dayton, Ohio 
A, B,D, E, 1, 4,5, 6 
Standard mag | Mfg. Co., Hoddon Ave., 
West Berlin, NY 
A,B,C, D, E, F, I, 2, 3, 4, 5, 6 
Sterling Electric Motors Inc., nc ol 


Telegraph fa, Lae Ragaes 22 og 
RRCDELS SO 


U. % ae Motors Inc., 200 E. Slau- 
Calif. 


es 54, 
AB, C.D, E, F . 45,6 


Valley Electric Corp., 4221 Forest Park 
Blvd, St Louis 8 Mo oe 
A, B,C, D, 1, 4, 5, 6 

(See Ad, Page 196) 


Wagner Electric Corp., 6400 Plymouth 
“ St. Louis 33, 
A, B, C, D, E, F, 1, 2 4, 5,6 
(See Ad, Pages 198 and 199) 


Western Design, Div. of U. S. Industries 
cai Santa Barbara Airport, Galeta, 
if. 


1, 4, 5 
wa og Electric Be Motor & 
p Bele N.Y 
F, 1,2, 4 5, 
cae, nom © Three Gate- 
= Center, Pittsburg 
A, B, C, D, E, F, I 5 4 5, 6 
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FRANKLIN 


FOOT-MOUNTED 
INTEGRAL MOTORS 








Ye to 72 HP. 


ALUMINUM 
LIGHT! 
ALUMINUM 
TOUGH! 


Here's an integral motor that’s lighter 
than cast iron, but stronger. It with- 
stands abuse better. Has far greater 
thermal conductivity. Fast beat dis- 
sipation. Cooler running. And, it 
won't rust or cor y 

_ Pre-packed, double-shielded bear- 
ings are contaminant-proof. Normally 
exceed rated life. The quick-connect 
terminal board is pre-wired to your 
speci! ic voltage. Single- and poly- 
om motor frames are interchange- 
able. Dual-end ventilation for con- 
trolled air velocity. 

Consider this fact: Franklin mass- 
produced special-a ny motors 
can help you build a better product 
— economically! See other Franklin 
motors in Sections 1 and 3. Write for 
free folder on integral motors to: 

>, 








Electric Co., Inc. 


BLUFFTON, INDIANA 
Circle E-22 on Page 149 
182 





Wound Rotor 


Allis-Chalmers Mfg. Co., 1126 S. 70th St., 
Milwaukee, Wis. 
Louis Allis Co., 427 E. Stewart St. Mil- 
waukee 1, Wis. 
B, D, E, F, 1, 4, 5, 6 
(See Ad, Pages i194 and 195) 
Brook Motor Corp., 3302-04 W. Peterson 
Ave., ‘wre « 


Century Electric Co., 1806 Pine St., St. 
Louis 66, Mo. 


A, B, C, D, E, F, 1, 4,5, 6 
(See Ad, Page 183) 
Continental Electric Co., 325 Ferry St., 


ey. 5, ye F.145,6 


A, B, C, D. 
Electra Motors Inc., 1110 N. Lemon St., 
Anaheim, Calif. 


B, D, E, 1, 4, 5, 6 


Electric Machi ar sa 
Ave., Minneapo 


liar Siero 


* 


Elliott . Div. of Carrier Corp., Jean- 
nette, Pa. 
A, B, C, D, 1, 2, 4, 5, 6 
(See Ad, Page 197) 


Fairbanks, Morse & Co., 303 N. Hender- 
som, Praceort Ill. 
A, B, C, D, E, 1, 4, 5, 6 

General ics/Electro Dynamic, 163 
Avenue A, Bayonne, N. J. 
B, C, D, 1, 4,5, 6 

General Electric Co., Medium AC Motor 
& Generator ., Schenectady, N. Y. 
B, C, E, F, 1, 4, 

(See Ad, Pages 201-204) 


General Electric Co., Small AC Motor & 
Generator Dept., Schenectady, N. Y. 
B, C, D, E, F, 1, 4, 5, 6 
(See Ad, Pages 201-204) 
Howell Electric Motors Co., 409 N. Roose- 


-, an Mich. 
A, B, C, D, E, F, 1, 4, 5, 6 


Ideal Electric & Mfg. Co., E. First & 
Oak Sts., Mansfield, Ohio 
A, B, D, E 

Imperial Electric Co., Akron 9, Ohio 
RB, D, E, 1, 4, 5,6 


(See Ad, Page 193) 


Northwestern Electric Co., 1750 N. Spring- 
ag Ave., Chicago, Ill. 


Reliance Electric & Baginearing Co., 24701 
Euclid Ave., Cleveland 17, Ohio 


A, B,C, 1, 4,5, 6 
Reuland Electric Co., 3001 W. Mission 
Rd., Alhambra, Calif. 
A, B, C, D, E, 1, 4, 5, 6 

(See Ad, Page 200) 


Safet Beason t exp» | 
Dorwel Ave., no sen. 


Wagner Electric Co: 6400 Plymouth 
or St. Louis 33, Mo. “2 


(See Ad, Pages 198 and 199) 


— gi be Motor & 
uffalo, N.Y, . 
BT i 6 
whsstaeienee Rests yg Gate- 


re Ss ge) 
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Synchronous 


Louis Allis Co., 427 E. Stewart St., Mil- 


(See Ad, Pages 194 and 195) 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Fuller- 
ton, 


D, F, 4,5 


Century ie 
Louis 66, M 

A, B, é}, 4,5, 6 

(See Ad, Page 183) 


Columbia Electric bee Co., 4519 Hamil- 
ton Ave., 14, Ohio 


Continental Electric Co., 325 Ferry St, 
Newark 5, 


A, B, C, E, 1, 4,6 


Electric Machi Mf 
Ave., Minneapolis 13, 


aoe ay * Co., 303 N. Hender- 
RRC DE 1, 4,5,6 


General Electric Co., Medium AC Motor 
& Generator Dept., Schenectady, N. Y. 
B, C, 1, 4, 6 

(See Ad, Pages 201-204) 


General Precision Inc., Raodion. J Div., 1190 


1806 Pine St. St 


Co., 800 Central 
Minn. 


ee Ave., ye ls, J. 

A, B, C, D, E, F, I, 2, 3, 4, 5, 6 
Ideal Electric & Mfg. a Thy First & 

Oaks Sts., Mansfield, 

A, B, D, E, 4 


Westinghouse Electric Corp., Motor & 
es Buffalo, N. Y. 


Westinghouse Electric Corp., Three Gate- 
whe aie Pittsburgh 30, Pa. 


Direct Current 


Direct-current motors are used where: 
1. The available line current is limited 
to dc. 2. The application requires an in- 
herently adjustable-speed motor. Both in- 
duction and synchronous ac motors are 
basically constant-speed motors. Special 
types of ac motors can provide some 
speed adjustment, but dc motors have 
advantages which usually make them 
preferable when adjustable speed is de 
sired. 

Entries in this category are classified 
according to type of field winding: Shunt, 
series, and compound-wound. Each entry 
carries a two-unit code consisting of let- 
ters and numerals. The letters indicate 
enclosure type: 


A. Open 

B. Dripproof 

C. Splashproof 

D. Totally enclosed, nonventilated 
(TENV) 
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er- 
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E. Totally enclosed, fan-cooled (TEFC) 

F. Explosionproof 
The numerals indicate mounting types 
available: 

1. Rigid base 

2. Resilient base 

8. Band mounted 

4. Flange mounted 

5. Face mounted 

6. Vertical mounted 


De Shunt-Wound 


Allis-Chalmers Mfg. Co., 1126 S. 70th St., 
Milwaukee, Wis. 
B, C, D, E, 1, 4, 5, 6 


Louis Allis Co., 427 E. Stewart St., Mil- 
waukee 1, Wis. 
B, D, E, F, 1, 4, 5, 6 
(See Ad, Pages 194 and 195) 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Fuller- 
ton, Calif. 

D, F, 4,5 


Baldor Electric Co., Motor Div., 4353 


Duncan Ave., St. Louis, Mo. 
A, E, 1, 4, 5,6 


Brown-Brockmeyer Co. Inc., P. O. Box 
989, Dayton 1, Ohio 
A, B, C, D, E, F, l, 4, 5, 6 


Carter Motor Co., 2711 W. George St., 
a 18, Ill. 


Century Electric Co., 1806 Pine St., St. 
Louis 66, Mo. 
A, B, C, D, E, i, 4, 5, 6 
(See Ad, Page 183) 


Columbia Electric Mfg. Co., 4519 Hamil- 
- a. Cleveland 14, Ohio 


yz Electric Co., 325 Ferry St., 
“uy k 5, N. J. 
B, C, D, E, F, 1, 4, 5, 6 
Electronic Specialty Co., Eemco Div., — 
W. jefferson Blvd., Los Angeles 1 


Calif. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 
Elliott Co., Div. of Carrier Corp., Jean- 


nette, Pa. 
A, B, C, D, E, 1, 4, 5, 6 
(See Ad, Page 197) 


Fairbanks, Morse & Co., 303 N. Hender- 
amy, resort, Ill. 
A, B, C, D, E, 1, 4, 5, 6 


General amics/Electro Dynamic, 163 
aw b, Ravens, N. J. 
A, B, C, D, E, 1, 4, 5, 6 


General Sicnte Co., Direct Current Mo- 
Mf . —— Dept., 3001 E. Lake 


RBe De EBFL45,6 

(See Ad, Pages 201-204) 
General Precision Inc., Kearfott Div., 1150 
wal Ave., Little Falls, N. J. 
AB,C,D,E,F,1 , 2, 3, 4, 5,6 
Ma G8 es 8 
A,B, F, 1, 2 4, 4, 5,6 


Hansen Mts, & Inc., 1934 Virgil Blvd., 
ee 10 , Ind. es 


1961 Edition 








C 








Single Phase—AC 
Capacitor-Start type (to 3 Hp.) 
Capacitor-Start-and-Run type 
(to 15 Hp.) 

Polyphase—AC 

Squirrel Cage type (to 500 Hp.) 
Wound Rotor type (to 400 Hp.) 


Direct Current 


Shunt, Series or Compound Wound 
(to 400 Hp.) 


With a wide choice of bearings, enclosures 
and mountings. Call or write your 
nearby Century Sales Office 


CENTURY ELECTRIC COMPANY 


St. Louis 66, Missouri. 
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PRODUCT DIRECTORY 


DESIGN 


WEIGHT OUT OF 
YOUR PRODUCT 








2 through 7¥2 HP. 


WITH 
FRANKLIN ALUMINUM 
FACE -MOUNT 
INTEGRAL MOTORS 


Here is the design engineer’s motor: 
to 30% less weight than compar- 
able motors of cast iron, yet struc- 
turally stronger. (You save approxi- 
mately 35 Ibs. on a 5 H.P. three-phase 
motor.) Your production workers can 
install it with less effort, in less time. 
Built-in space for inherent protector 
eliminates the problem of choosing 
correctly sized remote protectors de- 
pendent on varying conditions. 
This haety lightweight offers 
greater overall shock-resistance. Re- 
uires less bracing and supports. 
Stands up longer under strenuous 
operations. Won't rust or corrode. 
Consider this fact: Franklin mass- 
produced special-application motors 
can help you build a better product 
— economically! See other Franklin 
motors in Sections 1 and 3. Write for 
free folder on integral motors to: 


N 


Franklin 
Electric Co., Inc. 


BLUFFTON, INDIANA 
Circle E-24 on Page 149 
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Holtzer Cabot Corp., 125 Amory St., 
ee Mass. - a! sal 


owe Bestia Oo afoo S. Stoner Ave., 


Los Angeles 
A, F, 1, 2, 4,5, 6 
Enperiel Electric Co., Akron 9, Ohio 

B, D, E, 1, 4, 5, 6 

(See Ad, Page 193) 

Marathon Electric Mf; Randolph 
& Cherry Sts., Wasi, ¥ Wis. oo 
A, B, C, D, EI, 4, 5,6 
Northwestern Electric Co., 1750 N. Spring- 
ee Ave., 4, rica, Ill. 


Peerless Electric Co., 1401 W. Market St., 
Warren, ow 


A, B, C, D, I, 4, 5, 6 


Reliance Electric & Engineering Co., 24701 
—— Ave., see 17, Ohio 
A, B, C, D, E, F, 1, 4, 5, 6 


Safety Electrical Equipment Corp., 1187 
Dixwell Ave., “x Fiaven, Conn = 
A, B, C, D, E, 1 


Servo Tek merry /— Inc., 1086 Goffle 
Rd., pean, 0 J. 


Western Design, Div. of U. S. Industries 
Rs Santa Barbara Airport, Galeta, 


Fl. 45 


Westinghouse ag | ee Motor & 
RD Buffalo, N. Y. 


. D, , , 


Westinghouse Electric Corp.. Three Gate- 
Be rai a h 30, Pa. 
D, E, F, 1, 45, 6 


Wincharger Corp. E . Seventh & Division 
ee Sioux City 2, Iowa 


De Series-Wound 


Allis-Chalmers Mfg. Co., 1126 S. 70th St., 
Milwaukee, Wis. 
B, C, D, E, 1, 4, 5, 6 

Louis Allis 2. 427 E. Stewart St., Mil- 


waukee |, 


B, D, E, F, Ww "45, 6 
(See Ad, Pages 194 and 195) 
American Electronics Inc., Electro-Me- 


chanical Div., 1596 E. Ross Ave., Fuller- 
ton, Calif. 
> >. 5 
mm “ey Co., Motor Div., 4353 
on, St. Louis, Mo. 
he E, |. 1,4,5 
Brown- oun Brocmeyer Co. Inc., P. O. Box 


Dayton |, Ohio 
a .C,D, EF, 1,4,5,6 


Carter Motor Co., 2711 W. George St., 
<anrge 18, Ill. 


Century cu Co., 1806 Pine St., St. 
Louis 66, Mo. 


A, B, C, D, E, 1, 4,5, 6 
(See Ad, Page 183) 


Continental Electric Co., 325 Ferry St., 
ew: 5, 


B, C, D, Neg, 1, 4, 5, 6 


Electronic Specialty Co., Eemco Div., 4612 
W.. Jefferson Ivd., Los Angeles 16, 


Calif. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 6 


Macuine Desicn—Tue Exzcrric Motor Book § 





Elliott Co., Div. of Carrier Corp., Jea 


P; 
A. BC, D,E, 1, 4,5,6 
(See Ad, Page 197) 


Febbenks, Mose & Co. 303 N. Hend 
Ab, C.D, E, 1, 4,5, 6 
ics/Electro Dynamic, 163 


A B 
ABCD EL wens 


General Electric Co., Direct Come Mo- 
ios § Superater ‘Dept., 3001 E. 


ABCD, EF 1,45,6 
(See Ad, Pages 201-204) 
General Precision Inc., Kearfott Ss 1 
McBride Ave., Little Falls, N. 
A, B, C, D, E, F, 1, 2, 3, 4, 5, 


Paul E. Gerst & Co. Inc., 4868 N. Clark 
St., ‘wat 40, Ill. 
A, B, F, I, 2, 3, 4, 5, 6 
Holtzer Cabot Corp., 125 Amory St., 
ton 19, Mass. 
A, E, 1 
Hoover Electric Co., 2100 S. Stoner A 
Los Angeles 25, Calif. 
A, F, I, 2, 4 5, 6 
ial Electric Co., Akron 9, Ohio 
D, E, 1, 4, 5, 6 
(See Ad, Page 193) 
Marathon Electric Mfg. Corp., F 
& Cherry Sts.. Wausau, Wis. 
A, B, C, D, E, I, 4, 5, 6 
NorthwesternElectric Co., 1750 N. Spring 


field Ave., Chicago, Ill 
B, D, I, 4, 6 


—s a Co., 1401 W. Market 


NES D, 1, 45.6 


Reliance Electric & Engineering Co., 
|X Ave., Cleveland . hio 
B, C, D, E, F, 1, 4, 5, 6 


Safety Electrical Equipment Corp., Il 
Dixwell 1 Ave New Haven, Co Conn. 
A, B, C, D, E, I, 


Western Design, Div. of U. S. Ind 
tries Inc., Santa Barbara Airport, 
a 

14,5 

Begs’ hong yan Motor 

Gusts Puttel, N . 4 
B, D, E, F 

Washidinae Blectrie Corp., Three Gate- 
way Center, ‘eum ra Pa. 
A, B, C, D, E, F, 1, 4,5, 

Wincharger Corp., E. peo 4 Di 
~~ City 2, Iowa 






























Dc Compound-Wound 


Allis-Chalmers Mfg. Co., 1126 S. 70th St, 


Milwaukee, Wis. Here 
B, C, D, E, 1, 4, 5, 6 a 
Louis Allis C. a E. Stewart St., Mil- F 
some 1, ruin 

+ a Hi “4, 5, 6 Mul 
(See Ad, Pages 194 and 195) a 
American Electronics Inc., Electro-Me Main 


chanical Div., 1596 E. Ross Ave., Fuller- 
ton, Calif. 
D, F, 4, 5 

Baldor Electric Co., Motor Div., 433 
Duncan Ave., St. Louis, Mo. 
A, E, I, 4, 5, 6 








tl 
1 es 


MULIIGUARD 


Here’s an open, polyphase, squirrel-cage motor. Yet, it operates in chemically contaminated 
and moisture-laden atmospheres, or where salt, caustic and acid fumes, abrasion or dust 
ruin other motors. How can this be? It’s because of a special winding insulation— 
Multiguard—which gives an extra margin of protection, assures longer life, cuts 
Maintenance costs. Read inside about this unusual Lincoln motor. 
LINCOL 
AZ| 


OTO 


NM 
R 
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Cross-section of stator shows 
how Multiguard impregnation 
surrounds and protects windings 
even in the coil slots. 





Nearly 25% of al' motor failures are caused by breakdown of 

insulation because of abrasion by foreign matter or excessive 4 
moisture or chemical action that reduces the dielectric strength of 
the insulation. Doesn’t it seem logical, then, that someone would” 
design a motor in which especial § 
good and lasting Peep teen for 
We thought so. And that’s why 



















; ee : 
insulated in the usual manner with the finest ma 

available. 

Copper Wire Insulated With Formvar 


Mylar, the ee ee ee eee, © 2 Dew pl ie 


itself. It’s tough, tear-resistant, won’t become brittle with nort 
heating, either. 4 
Dacron, a polyester mat, provides a bond between the slot li 
and the Multiguard impregnation. Electrical fiber adds mechan 
strength to the liners to avoid damage during manufacture. 
Dividers, Top Sticks, Phase Insulation, Are The Equal 
of Winding Protection 
We use a top-grade electrical fiber divider to insulate the 
windings from each other in the slots. Mylar, laminated to 
electrical fiber, and formed into a “U” shape, is fitted over the td 
windings to keep moisture out and to insulate the windings fi 
the core. Finally, we use a special phase insulation on coil n 
This extra care in the design and manufacture of Multigu 
Co ee i 
equal to Multiguard insulation—throughout the motor. 








Slot Liner 
Fiber-Mylar- 
Dacron 


Divider— 
Electrical Fiber 


Top Stick— 
Mylar-Fiber 


Insulated Wire- 
Formvar Nylon 


Special 
Phase 


Insulation 
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All parts designed 
and bullt to withstand 
as much abuse as 
Multiguard 
embedded windings 


Because Multiguard motors incorporate such 
unusually high-quality insulation, it is 
necessary to add the same degree of extra 
quality to each of the additional motor 
components in order to assure longest life. 


Completely sealed bearing lubrication and protection system 


assures long, trouble-free motor life 


Next to insulation breakdown, the largest cause of 
motor breakdown is bearing failure. This, in turn, is 
the result of poor bearing protection or inadequate 
lubrication techniques. To avoid such failures, we have 
taken special care to develop a system of lubrication 


and protection second to none. 


While bearing system design, lubrication and protection 
methods are slightly different for large and small 
Lincoln motors, all sizes incorporate the following basic 


design characteristics and benefits 


All Lincoln motors use double-shielded Super Conrad 
bearings which assure, in themselves, longest life with 
maintenance, and further, will 


least permit you to 


mount these motors in any position 

An inner dust cap forms a continuous running seal with 
The dust 
reservoirs which hold a generous grease reserve. This 


the rotor shaft cap designs incorporate 
close tolerance combined with the grease form a seal 
between the shaft and inner dust caps which prevents 
dust or moisture from entering and doing damage to 


the bearings from inside the motor 


The neoprene slinger on the outside of the motor is 
affixed to and rotates with the shaft and thus prevents 
dirt and moisture from entering the bearings along the 
shaft. Annular grooves on the slinger’s inside face 
prevent entry of foreign matter when the motor is idle 


Grease Fittings— Large-size motors have plugs while 
small-frame motors are equipped with capped grease 
gun fittings. It is not necessary to grease any Lincoln 
motor frequently. However, even overgreasing is not 
too serious since the bearings throw out excess grease 
in about two hours running time. 


Thrust Washer—The outer race of the _ blind-end 
bearing is locked between the inner dust cap and the 
end bracket. We use a thrust washer in the shaft exten- 
sion end to pre-load the bearings. This system controls 
end play to minimize bearing noise. 

This system of bearing lubrication and protection— 
which costs you nothing extra—is one more reason why 
you can specify and install Lincoln Multiguard motors 
and not only expect, but get, longest life ever for your 
motor dollar! 
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Input leads fully protected 


Two features distinguish the Multiguard conduit box 
which houses the motor input leads. First, the die-cast, 
wedge-fit cover completely seals out moisture and con- 
taminants. It’s made of a special high-strength alloy to 
assure its standing up under the severe abuse in the 
field. Secondly, a water-proof vinyl plastic gasket, rings 
the leads in the space between the stator and conduit 
_ box, further assuring that no moisture or abrasive 
materials can attack the leads. Larger sizes use a 
different conduit box. Gaskets between this conduit box 
and its cover and between the conduit box and its 
frame seal the box to keep out unwanted moisture. 


Input leads are numbered for easy identification. Con- 
duit box can be rotated in 90° segments to make in- 
stallation of Multiguards easy regardless of mounting 
position. 


Rotor—one integral unit 
Aluminum conductor rods, end rings and blower pad- 
dies are all centrifugally cast into one completely 





integrated unit. This eliminates bits and pieces con- 
struction, permits positioning and shaping of the 
conductor rods for perfect fit, maximum efficiency. 
It also reduces motor weight, assures quiet operation. 
Blower paddles conduct heat away from rotor and force 
cool air over all interior parts. 


Sturdy steel frames, treated with corrosion- 
resistant paint 


Multiguard motor frames are made differently for the 
different sizes—the larger using a tie-bar and end-ring 
construction; the smaller, a cylindrical frame. Both 
styles are strong and light, won’t shatter under impact. 
Sturdy steel feet welded to frame insure accurate 
positioning and freedom from breakage. 


Moreover, Multiguard motors are painted inside and 
out with a special vinyl base paint with excellent 
resistance to both acids and alkalies. Rotors are coated 
with special high-temperature-resistant paint to pre- 
vent peeling when it heats up in service. 





Completely sealed bearing lubrication and protection system 
assures long, trouble-free motor life 


Next to insulation breakdown, the largest cause of 
motor breakdown is bearing failure. This, in turn, is 
the result of poor bearing protection or inadequate 
lubrication techniques. To avoid such failures, we have 
taken special care to develop a system of lubrication 
and protection seccnd to none. 


While bearing system design, lubrication and protection 
methods are slightly different for large and small 
Lincoln motors, all sizes incorporate the following basic 
design characteristics and benefits. 


All Lincoln motors use double-shielded Super Conrad 
bearings which assure, in themselves, longest life with 
least maintenance, and further, will permit you to 
mount these motors in any position. 


An inner dust cap forms a continuous running seal with 
the rotor shaft. The dust cap designs incorporate 
reservoirs which hold a generous grease reserve. This 
close tolerance combined with the grease form a seal 
betvcen the shaft and inner dust caps which prevents 
dust or moisture from entering and doing damage to 
the bearings from inside the motor. 


The neoprene slinger on the outside of the motor # 
affixed to and rotates with the shaft and thus prevents 
dirt and moisture from entering the bearings along the 
shaft. Annular grooves on the slinger’s inside fac 
prevent entry of foreign matter when the motor is idle. 


Grease Fittings— Large-size motors have plugs while 
small-frame motors are equipped with capped greas 
gun fittings. It is not necessary to grease any Lincoln 
motor frequently. However, even overgreasing is not 
too serious since the bearings throw out excess grease 
in about two hours running time. 


Thrust Washer—The outer race of the blind-end 
bearing is locked between the inner dust cap and th 
end bracket. We use a thrust washer in the shaft exten 
sion end to pre-load the bearings. This system contro’ 
end play to minimize bearing noise. 

This system of bearing lubrication and protection— 
which costs you nothing extra—is one more reason why 
you can specify and install Lincoln Multiguard motor 
and not only expect, but get, longest life ever for your 
motor dollar! 
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Input leads fully protected 


Two features distinguish the Multiguard conduit box 
which houses the motor input leads. First, the die-cast, 
wedge-fit cover completely seals out moisture and con- 
taminants. It’s made of a special high-strength alloy to 
assure its standing up under the severe abuse in the 
field. Secondly, a water-proof viny] plastic gasket, rings 
the leads in the space between the stator and conduit 
box, further assuring that no moisture or abrasive 
materials can attack the leads. Larger sizes use a 
different conduit box. Gaskets between this conduit box 
and its cover and between the conduit box and its 
frame seal the box to keep out unwanted moisture. 


Input leads are numbered for easy identification. Con- 
duit box can be rotated in 90° segments to make in- 
Stallation of Multiguards easy regardless of mounting 
position. 


Rotor—cne integral unit 


Aluminur:. conductor rods, end rings and blower pad- 
dies are all centrifugally cast into one completely 





integrated unit. This eliminates bits and pieces con- 
struction, permits positioning and shaping of the 
conductor rods for perfect fit, maximum efficiency. 
It also reduces motor weight, assures quiet operation. 
Blower paddles conduct heat away from rotor and force 
cool air over all interior parts. 


Sturdy steel frames, treated with corrosion- 
resistant paint 


Multiguard motor frames are made differently for the 
different sizes—the larger Using a tie-bar and end-ring 
construction; the smaller, a cylindrical frame. Both 
styles are strong and light, won’t shatter under impact. 
Sturdy steel feet welded to frame insure accurate 
positioning and freedom from breakage. 


Moreover, Multiguard motors are painted inside and 
out with a special vinyl base paint with excellent 
resistance to both acids and alkalies. Rotors are coated 
with special high-temperature-resistant paint to pre- 
vent peeling when it heats up in service. 














Range of Multiguard motors available 


Lincoln motors are made in many sizes and for use with 
many types of power supplies, special mountings, etc. 
However, all Lincoln Multiguards are of the drip- 
proof fully-guarded design, NEMA design B, normal 
torque, constant speed, continuous duty and ball bear- 
ing. Write for Bulletin 6100.4 for complete specifications 
of Multiguard motors. 


Special features 
Mechanical modifications for shaft extensions, conduit. 
box position, feet and face mountings, special balancing, 
special paint or sliding bases may be required for your 
application. You may also need special electrical 
modifications. If so, consult your Lincoln District 
Sales Office for assistance. Or, write the home office, 
Cleveland, Ohio. 


Motor sizes 

Motor frame sizes depend on the horsepower and speed 
of the motor. Lincoln motors are available in frame 
sizes 182 through 445; in horsepower sizes 4 HP @900 
rpm through 125 HP @1800 rpm. 





a S 





Horsepower, speed, frames, torques (NEMA) 


minimum } minimum 
torque, full load locked-rotor torque, | breakdown torque, 
horsepower frame size % of full load torque | % of full load torque 


| 
sync. speeds 60 cy.) 3600 1800 1200 3600 1800 1200 3600 1800 1200 900 
(rpm) 50cy.| 3000 1500 1000 3000 1500 1000 750 |3000 1500 1000 


ne ainipnees 


% 182 
182 184 
B-182 | 184 184 


\B-184 184 213 
B-184 | 213 215 
B-213 | 215 254U 
B-215 | 254U | 256U 


B-254U| 256U | 284U 
B-256U| 284U | 324U 
B-284U| 286U | 326U 
B-286U| 324U | 364U 


B-324S | 326U . | 365U 
B-326S | 364U | 404U 
365US | 405U 
404US | 444U 


405US 
444US 
445US 


Ssss S888 
























Lincoln motors are made in many sizes and for use with 
many types of power supplies, special mountings, etc 
However, all Lincoln Multiguards are of the drip- 
proof fully-guarded design, NEMA design B, normal 
torque, constant speed, continuous duty and ball bear- 
ing. Write for Bulletin 6100.4 for complete specifications 
of Multiguard motors 


Special features 

Mechanical modifications for shaft extensions, conduit 
box position, feet and face mountings, special balancing, 
special paint or sliding bases may be required for your 
application. You may also need special electrical 
modifications. If so, consult your Lincoln District 
Sales Office for assistance. Or, write the home office, 


Cleveland, Ohio 


Motor sizes 

Motor frame sizes depend on the horsepower and speed 
of the motor. Lincoln motors are available in frame 
sizes 182 through 445; in horsepower sizes 44 HP @900 
rpm through 125 HP @1800 rpm. 


Can’t see the motor? No wonder. It’s running upside 
down in this continuous bath of water soluble oil 
coolant. Previously, totally enclosed motors faiied after 
a few hours operation. Because the Multiguard design 
does allow coolant to flow through the frame, it actually 
is better than-totally enclosed types in which coolant 
could not enter. The totally enclosed motors became 
overheated and burned out. 





Range of Multiguard motors available 


Users report excellent results with Lincoin Muitiguard motors! 




















Even though this 15 HP Multiguard is comp 

exposed to the elements on this conveyor, it oper 
throughout hot weather, desert summers and moun 
winters. Conveyor was used to travel quarry mate 
and dry river run gravel, both of which cause se 
dust conditions. User wrote, “Congratulations on dé 
opment of an excellent low-cost motor for tough je 
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horsepower 


sync. speeds 60 cy. 
(rpm) 50 cy. 


74 


3600 
3000 


B-182 


B-184 
B-184 
B-213 
B-215 


B-254U 
B-256U 
B-284U 
B-286U 


B-324S 
B-326S 





frame size 
1800 1200 
1500 1000 

182 

182 184 

184 184 

184 213 

213 215 
215 254U 
254U | 256U 
256U | 284U 
284U | 324U 
286U 326U 
324U 364U 
326U 365U 
364U | 404U 
365US | 405U 
404US | 444U 
445U 








900 
750 


182 
184 
213 
213 


215 

254U 
256U 
284U 


286U 
326U 
364U 
365U 


404U 
405U 
444U 
445U 


torque, full load 


3600 


2.25 


3.0 

4.5 

7.5 
11.25 


15 
22.5 
30 
37.5 


45.0 
60.0 
75.0 





(Ibs.-ft.) 
1800 1200 
3.3 
3.0} 4.5 
4.5| 6.7 
6.0} 9.0 
9.0} 13.5 
15 | 22.5 
22.5| 33.8 
30 | 45 
45 | 67 
60 | 90 
75 1112.5 
90 | 135 
120 |180 
150 | 225 
180 |270 








Horsepower, speed, frames, torques (NEMA) 


900 


minimum 


locked-rotor torque, 
% of full load torque 


3600 1800 1200 
3000 1500 1000 


175 


175 
175 


150 


150 
150 


150 


150 
135 
125 





275 
265 
250 
250 
185 
175 


175 
165 
150 
150 
150 
150 


150 








175 
175 
175 


175 
175 
160 
150 


150 
140 
135 
135 


135 
135 
135 
135 


135 


900 
750 


150 
150 
150 
150 


150 
150 
130 
125 


125 
125 
125 
125 


125 
125 
125 
125 





minimum 


breakdown torque, 
% of full load torque 


3600 1800 1200 
3000 1500 1000 


275 


250 
250 
225 
215 


200 
200 
200 
200 


200 
200 
200 





300 
300 


275 
275 
225 
215 
200 


200 
200 


200 
200 
200 
200 








275 
275 
275 


250 
250 
225 
215 
200 
200 
200 
200 


200 
200 
200 
200 


200 





900 
750 

















Cs MULTIGUARD 


may we help you? 

The Lincoln Sales Engineer is trained to help you find the correct solution to your motor problems. 
Yes, Lincoln Multiguard motors are made by The Lincoln Electric Company, the world’s largest 
manufacturer of arc welding equipment and electrodes. And the same capable men who bring 

you assistance for your welding needs also can tell you about the Multiguard motor. Or, contact 
either your local Lincoln Field Service Shop or Lincoln Motor dealer. They’ll be glad to serve you. 
What’s more, they’re backed up by a pool of talent which has specialized in the manvfacture of fine 
electrical products for over 60 years. 

We invite you to put this talent and these products to work for you now. 


Lincoin Sales Offices and Major Distributors 


ALABAMA 
Birmingham 
AL 2-8131 


ARIZONA 
Phoenix 
AL 4-5894 


CALIFORNIA 


Los Angeles 
RA 3-7281 


San Francisco 
OL 5-6126 


COLORADO 


Denver 
AC 2-9533 


CONNECTICUT 
New Haven 
AT 8-1737 


DIST. OF COLUMBIA 
Washington 7, D.C. 


FE 7-12 


THE LINCOLN ELECTRIC COMPANY 


CLEVELAND 17, OHIO 


FLORIDA 
Miami 
NE 5-0971 


GEORGIA 


Atlanta 
JA 5-8494 


ILLINOIS 
Chicago 
BI 2-3988 
Moline 
762-5583 


Peoria 
764-3154 


INDIANA 
Indianapolis 
CL 5-2415 


LOUISIANA 
New Orleans 
524-2471 


MARYLAND 


Baltimore 
Mi 4-2727 


MASSACHUSETTS 


Boston 
HI 4-4370 


MICHIGAN 
Detroit 
UN 4-3952 
Grand Rapids 
CH 1-5645 
MINNESOTA 
Duluth 
SH 1-5848 
Minneapolis 
FE 9-6393 
MISSOURI 
Kansas City 
JE 1-9584 


St. Louis 
MI 7-5886 


NEBRASKA 


Omaha 
AT 7050 


NEW JERSEY 


Union 
MU 6-1220 


NEW YORK 
Albany 
UN 9-9364 
Buffalo 
TR 6-9390 


New York 
BO 9-6755 


Syracuse 
GR 2-1925 


OHIO 
Cincinnati 
EL 1-0188 


Cleveland 
IV 1-8100 


Columbus 
HU 8-4451 


Toledo 
OX 3-0455 


OKLAHOMA 


Tulsa 
LU 3-3141 


OREGON 
Portland 
BU 9-8881 
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The World's Largest Manufacturer of Arc Welding Equipment and Electrodes 
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TEXAS 
Fort Worth 
ED 6-5514 


Houston 
UN 4-7701 


UTAH 
Salt Lake 
EM 3-672? 


VIRGINIA 
Richmond 


LINCOLN 
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For standard NEMA motors and for motors to 
meet unusual drive requirements, you will do 
better with Imperial. Write for bulletin covering 
The Imperial Line of integral horsepower motors, 
generators and motor-generator sets for every 














BEST POWER FOR STANDARD AND 
SPECIFIC-PURPOSE APPLICATIONS 


Modern as the missile age .. . Imperial electric 
motors are created with a background of more 
than 70 years of industrial drive experience. 


Now, through the use of electronic computers, 
multiple-design review is made possible in ad- 
vance of production. Optimum performance is 
assured while delivery of special-purpose designs 





DRIP-PROOF A-C MOTOR—Today’s 
_ Best Buy for Most Applications—Ratings 
from 1 to 200 Hp.— Designs Include 
Flange and Face Types, Muiti-Speed, etc. 


TOTALLY-ENCLOSED, FAN-COOLED 
A-C MOTOR Provides Dependable 
Operation Under Abnormal Conditions 
— Also Available in Explosion-Proof 
Design—1 to 100 Hp. 
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PARTIAL A-C MOTOR... 


SHELL-TYPE SHAFTLESS MOTOR 

- Other Special or Specific 
Types... Provide Maximum 
Power in Minimum Space. . . 
Blend with Basic Design of 
Machines. 


- ELECTRIC COMPANY 
84 Ira Avenue «+ Akron 9, Ohio 









1 Precise high-frequency drives for 
generators or converters om 


EL ast 


em 


Because of itS exact speed character 
istic, the Syncro-Spede is am ideal driver 
for high-frequency generator sets where 
precise frequency is a necessity. The 
elimination of slip’ provides exact fre- 
quency throughout the entire load range 


of the motor 


recording devices 


Syncro-Spede delivers and main 
tains exact synchronous. speed 
within rated. capacity regardiess 
of load or line voltage dips. Its 


design permits mechanical mod 


fications to meet special neéds 





Since it eliminates error caused 


motor is also idea 
Irums and precision 














iC} Constant single- or multi- 
speed conveyor drives 


Syncro-Spede gearmotors Car 





provide exact constant 
veyer speed or maint 
orrect relat i 

‘ry ‘ 7 ‘ 
0 yors operating at 
Allis gear drives, the Syncro 
Cc r ffor nr A — 
Spede offers a practical,.iow 
eost solution to low-speed 


conveyor drive requirements 


down to 7.5 rpm 


Below volues are typical values based upon 100% pull-in torque with the external inertia equal 
to no more than twice the rotor inertia. To obtain full load and locked amps for other standard 
low voltages, multiply below 220 volt values by the inverse ratio of the voltages. For applica- 
tions with high external inertias, refer to factory with specific inertia values 


Full 9 
Synch. Load | Locked 
RPM Amps 

220 V. 


4 Vobi tip eclel(-Miasielti-laleny 
multi-motor systems 


AJUSTO-SPEDE 





““SYNCRO-SPEDE’’ MOTORS 


i.) Any constant speed require 














6 High speed + high g 
frequency operation 
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a =_ FREQUENCY 
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" a RS LINE-A-SPEDE RANGE 





Q }> 
TT 


#7 


5 wm 


(Ibs. ft.) 


TORQUE 


PULL- 
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EFFICIENCY 


R FACTOR 


New-product news from Louis Allis AMPERES 


20 40 60 80 100 120 140 160 
% RATED HORSEPOWER 


IMPROVED PERFORMANCE DATA 





The Louis Allis Syncro-Spede 


...a synchronous motor built in the same NEMA frames 
as standard motors of equal horsepower! 


it’s compact, simple, versatile ...and trouble-free! 


The remarkable Louis Allis Syncro-Spede® Motor enables you to provide 
exact synchronous speed for any application for less cost — with fewer 
controls — and in less space than previously possible. 

If your equipment or operation calls for precise constant speed, check the 
advantages this new motor offers you: 

Space-saving design — The revolutionary Syncro-Spede needs no external 
excitation, wound rotating fields, collector rings or brushes. It’s built in the 
same standard NEMA frames as ordinary induction motors of equal horse- 
power. It requires less space — is virtually maintenance-free. 

Wide range of enclosures — The Syncro-Spede can be provided in a wide 
variety of enclosures to meet special operating requirements. For example, 
Syncro-Spede is readily available in totally-enclosed fan-cooled and explosion 
proof enclosures — thus permitting installations which were difficult to make 
with D.C. excited synchronous motors. 

Unmatched versatility — Syncro-Spede is available in standard sizes up :to . 
100 hp, and even larger ratings for special applications. It can also be furnished 
in a wide range of mechanical modifications . . . base- or flange-mounted —as a 
gearmotor or brakemotor — even as a rolled-shell shaftiess motor for “built-in” 
applications. 

For full particulars and expert application engineering help, contact your local 
Louis Allis District Office. Or write for Bulletin No. 1900 to The Louis Allis 
Co., 459 East Stewart Street, Milwaukee 1, Wisconsin. 


Syncro-Spede is a Trademark of The Louis Allis Company 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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AROUND 

THE 

CLOCK 
PERFORMANCE 


that’s what you 
get when you 


Specify... 


VALLEY 


BALL BEARING 
MOTORS 


HERE'S WHY... 


First of all they are specifically engi- 
neered to meet the exacting — 
ments of most power needs—regard 

of type or location. Then too, they 
insure constant, uninterrupted service 
in high temperatures because they are 
San cool running. Having enclosed 
ball bearings you are assured of com- 


plete protection against harmful dust 
and grit. Furthermore, they can han- 
die most power load emergencies with- 
out damage to its operating parts. 





FAN COOLED 


Totally enclosed VALLEY Motor Poly- 
phase, 50 to 60 cycles, constant —_ 
ae duty, squirrel cage i 
torque, low starti Bn 
oad “tol ball bearing, 2 to 60 h.p. 





VALLEY 


CORPORATION 
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Western Design, Div. of U. S. Industries 
Inc., Santa Barbara Airport, Galeta, 


Calif. 
F,1,4,5 


Westinghouse 9-7 Rae Motor & 
Sor ete’ N Y. 


Westinghouse Electzic Co . om Gate- 
a, are. eg 
A, B, C, D, E, F, 1, 4 5, Hs 


Ac-Dc Universal 


Universal motors are essentially a dc 
series motor, with electrical characteris- 
tics altered so that operation on either 
de current, or ac current up to 60 cps, is 
as near alike as possible. Since a series 
motor has the ability to operate at speeds 
many times that of an ac motor, the 
universal motor has the highest horse- 
power per pound ratio of any 60-cps 
motor. The higher inherent speeds of 
universal motors also bring about econo- 
mies in size, weight, and cost of driven 
loads. 

Entries in this category carry a two- 
unit code consisting of letters and nu- 
merals. The letters indicate enclosure type: 

A. Open 

B. Dripproof 

C. Splashproof 

D. Totally enclosed, nonventilated 

(TENV) 

E. Totally enclosed, fan-cooled (TEFC) 

F. Explosionproof 
The numerals indicate mounting types 
available: 

1. Rigid base 

2. Resilient base 

3. Band mounted 

4. Flange mounted 

5. Face mounted 

6. Vertical mounted 


we 4's Decker Mfg. Co., Towson 4, Md. 


Carter Motor Co., 2711 W. George St., 
(ulcamo 18, Ill. 


ee 1300 17th St., Racine, Wis. 


Deron ie Specialy poy boo Div., “ie 
Ww. Angeles 


xB. C.D, E, F, 1, 2, 3, 4, 5, 6 
General Precision Inc., Kearfott , Pie Ue 
McBride Ave. Little Falls, N J 
B, C, D, E, F, I, 2, 3, 4, 5, 6 
Paul ge & Co Inc., 4868 N. Clark 
“FL 2,3,45,6 
Hoover Electric Co., 2100 S. Stoner Ave., 
Los 25, Calif. 
A, F, 1, 2, 4,5, 6 


Northwestern Electric Co., 1750 N. Spring- 
field Ave., Chicago, Ill. 
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You may NOT have my copy of 
MACHINE DESIGN's ELECTRIC 
MOTOR BOOK, Ralph! You know 
very well that each person who 
receives MACHINE DESIGN reg- 
ularly, also receives one copy of 
the ELECTRIC MOTOR BOOK. You 
are likewise aware that this 
splendid volume will join the 
Handbooks on FASTENERS, SEALS, 
BEARINGS, and FERROUS METALS 
that the editors of MACHINE 
DESIGN have already provided. 
So, Ralph, if | have told you once, 
| have told you a thousand times: 
Keep your cottonpickin’ fingers 
off my books! Of course, you 
may obain an extra copy of this 
priceless publication for yourself, 
if you simply go to the bother of 
sending two dollars to the 
MACHINE DESIGN people. Tell 
them that you are nuts about 
electric motors . . . and tell them 
that | sent you. Personally, | 
intend to kees MY ELECTRIC 
MOTOR BOOK where | can put 
my hand on it at all times! 


A PENTON PUBLICATION 
CLEVELAND 13, OHIO 


















SATAL Oe. 400 


motor data 
Yo 
at your fingertips 


On your desk, in your pocket, instant prices, dimen- 

sions, weights, for all ratings and speeds of Elliott 

squirrel-cage motors % to 500 h.p., and wound- Elliott Company, Jeannette, Pa. 

rotor motors, 3 to 150 h.p. Includes control prices, Advertising Department 

available modifications and NEMA standard torque — 

values. Handy pocket size for quick reference. Just 

revised—contains latest information. weet Please send me a free copy of your new Motor Selector. 


Name_ 


Position 
Company 
' Address___ 


A DIVISION OF CARRIER CORPORATIO 
Turbines « Generators « Motors + Turbochargers 
Compressors: Ejectors+ Strainers+ Tube Cleaners 








PRODUCTIVITY ff 


WITH Capacitor-start. General purpose single- 
phase motors that operate in any posi- 
tion—provide quick, trouble-free starting 
—pack plenty of power into little space. 
% through % hp. Also in integral rat- 
ings through 5 hp. 


QUALITY MOTORS 


Boost the productivity of the equipment 

you design by providing motor drives that 

will operate dependably, with a minimum of 

down time for maintenance. Choose a 

motor that is matched to the job, with the 

proper speed... horsepower .. . voltage— 

that has the right enclosure for your 

application ...drip-proof. .. totally-enciosed wi a ti 
...explosion-proof. 50 hp. Type OP Xa ‘Ss 


Chances are, you can find the exact motor RGA é 

you need in the complete line of Wagner Doubly Protected (Type DP). Cast iron 

standard motors... a well-known. frames and endplates protect aaginst corro- 
sion. Drip-proof enclosures are designed for 

completely dependable motor with a protection against falling or splashing liquids. 

reputation for quality. A few of the many Sieeve or ball bearing, 1 through 125 hp. 

motors in the Wagner line are shown here. 

Their excellent performance in their specific 

applications, their price and prompt delivery 

make them a sound choice for 

your equipment. 





OTHER WAGNER MOTORS 

In addition to the motors shown here, 
Wagner also furnishes Increment type 
motor and starter combinations, Multispeed 
motors, Wound rotor motors, Jet pump 
motors, Vertical and flange mounted 
motors, and Air-over motors. Consult your 
nearby Wagner Sales Engineer, or write 

for information. 


pump drives. Tube cooling system 























i 

j 

! 

! 

| 

| 
le- | Repulsion-start induction. Sisgle-phase 
si motors that make tough starts easy. Start 
ng heavy loads with extremely low starting 
re. current—stand up under long service. 
at | and % hp. Also in integral ratings through 

| 5 hp. 





INTEGRAL HP 


‘on Open Type Polyphase Squirrei-cage. 
rO- Drip-proof. Suitable for all general purpose 
for applications. In 583 frame and larger steel 
ds. frames. Sleeve or ball bearings. Ratings 
"p. through 1000 hp 








~ 

4 

Fg 
on Gearmotors. These compact gearmotors 
pa have greater then usual capacity, cast iron 
ds fratnes and housings for corrosion resistance, 
fp ore ovailable with open-protected or TEFC 
gh  monors. Integral-type or ali-motor type. 











FRACTIONAL HP MOTORS 


% hp Type RB 


Split-phase. Small, light weight single- 
phase motors designed for low starting torque 
requirements. These motors can solve many 
applicction problems economically. 48 frame, 
Yo. Va, Ya hp. 


MOTORS 


! 
! 
! 
i 
/ 
/ 
| 
| 
| 
| 
| 


30 hp Type JP 


Extra Protected (Type EP). TEFC motors 
give complete protection against dust, abra- 
sives, fumes or chips. Cast iron frames pro- 
tect against corrosion. Also in Explosion- 
proof (Type JP).Ribbed frames, 1 to 100hp. 


25 hp Type DP 


Clese-coupled Pump 
normal torque polyphase motors, in ratings 
} through 100 hp, are available in face 
mounted models with special shoft extensions, 
for direct connection to centrifugal pumps. 








I 
1 









% hp Type RP 


Polyphase Squirrel-cage. Genera! pur- 
pose, normal torque polyphase motors in 
fractional horsepower ratings. 56 frame 
motors for machine tools, pump, fans, com- 
pressors where polyphase power is used. 





10 hp Type RP 


Extra Quiet Polyphase. Smooth running, 
resilient mounted motors, with sleeve or ball 
bearings, in ratings through 10 hp..Can be 
mounted on walls or ceilings, as well as in 
normal horizontal position. 





. Hermetic Motors. For sealed refrigeration 
ond air conditioning units, eee, 
hermetic motors in both single-phase and 
polyphase squirrel-cage none! 
ond integral ratings to hp. - 
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BRANCHES 


Wagner Electric Corporation 


6404 PLYMOUTH AVENUE, ST. LOUIS 33, MISSCUR!I 
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AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


SERVING 2 GREAT GROWTH INDUSTRIES. ..- ELECTRICAL- AUTOMOTIVE 


2—GENERAL-PURPOSE MOTORS—INTEGRAL 





PRODUCT DIRECTORY 


BRING OUT THE FULL MAGIC 
OF YOUR OWN ENGINEERING 
KNOW-HOW WITH 
SPECIAL REULAND MOTORS 


MULTI-DRIVE MOTOREDUCER 

Shown here is a typical example of a 
Reuland multi-drive unit, as adapted for 
use On a screw conveyor bag filler machine. 
The primary motor turns the screw for 
high speed filling. For final, 

precision filling, a D.C. 

clutch cuts in the 128 r.pm. 

Motoreducer. Speed reduc- 

tion ratios of as much as 

100:1 are available. 


5-STAGE DRIVE CYCLE PACKAGE 

A complete, five-stage operating cycle is 
handled by this one drive package... 
(1) 100 r.p.m. forward run, (2) immedi- 
ate stop, (3) fluid-cushioned start again, 
(4) reverse direction and (5) return at 200 
r.p.m. The complete cycle is accomplished 
by an internal fluid coupling...two-speed, 
reversing duty motor, gear reducer, and 
magnetic brake...within one frame! 


Don’t ever let a complicated drive requirement styr 
your own ingenuity. If you have a design idea, go rigl 
ahead with it...leave the motor adaptation to Reula 
Yes—whatever your needs may be, here is an opportuni 
to cash in on your own creative designing talents. Typic 
examples of how others have benefited are shown be! 
A single experimental motor, or a production run, 
receive the same well-known Reuland spirit of cooperatia 


STALL DUTY TORQUE MOTORS 

Reuland torque motors can be stalled 
“locked” into a load with full current 
The units also automatically adjust the 
speed to intermittent load changes. Out; 
torques can be changed, as desired, throu 
the use of voltage varying devices. A’ 
able in ratings from % through 10 
pounds...for maximum stalls of 5, 10, 
60 minute and continuous. : 





eS aR 
SPLINE COUPLED PUMP MOUNT MOTORS 


Reuland spline-coupled hydraulic pump 
mount motors feature a direct connection 
between the pump and the motor’s shaft... 
inside the motor. The installation is made 
by simply slipping the spline coupling onto 
the pump shaft...and attaching the pump 
to the endbell. The unit eliminates flexible 
couplings and platform mounts. Reduces 
mounting space almost 50%. Assures per- 
fect alignment, automatically. 


MACHINE TOOL MOTORS 

These precision machine tool motors are 
a completely new type, especially made for 
the machine tool industry. They are com- 
pact in design and built to precise specifica- 
tions like a fine tool. Their individual 
dynamic balancing...heavy duty ball bear- 
ings ...low inertia, lightweight rotor. ..and 
even smooth-finished castings, make them a 
match for the most expensive machine tool. 


FLUID-SHAFT BRAKEMOTORS 

Reuland Fluid-Shaft motors elimi 
shocks and jerks and provide a s ' 
gradual, stepless method of load accel 
tion. Power is transmitted through an 
ternal fluid coupling and all starting i 
tias are absorbed in a cushion of oil. T 
Reuland “doughnut” magnetic brakes 
mounted on the output side of the cc 

... permits extending the motor shaft 
through for load hook-up. 





HOLLOWSHAFT WORM MOTOREDUCERS 


This unique, right-angle Motoreducer fea- 
tures a hollow shaft that permits direct- 
coupling to equipment by merely inserting 
the drive shaft of the machine. No other 
mounting arrangement is required, except 
the torque arm which serves as an “anchor” 
for the Motoreducer. Eliminates the need 
for couplings, brackets, or belt and chain 
drives. Mounts in very tight areas. 


MODERN POWER FOR MODERN-DAY PROODUCTS...all in lightweight aluminum frames 





MULTI-SPEED MOTORS 


Rasic designs consist of three predeter- 
mined speed rating selections; 2-speeds, 
3-speeds and 4-speeds. The motors are also 
available with three torque-horsepower- 
speed combinatiuns. (1) Constant torque 
..-h.p. varies directly with r.p.m. (2) Vari- 
able Torque...h.p. variation is proportion- 
ate to the square of the speed, and (3) Con- 
stant horsepower...wherever h.p. need is 
constant regardless of operating speed. 





DISC-TYPE MAGNETIC BRAKES 


Reuland “through-shaft” magnetic b 
feature a fast and sure direct action f 
ple. Levers and linkage are eliminated” 
a simple attraction and release actic 
tween the armature and “doughnut” 
magnet. Available for use with all m 
of motors in (1) endbell type, (2) 
mounted and (3) foot mounted—co 
with own bearings and shaft. 


REULAND MOTOR: 


REULAND ELECTRIC COMPANY 
WESTERN DIVISION... Alhambra, California 
@® EASTERN DIVISION... Howell, Michigan 


DISTRIBUTORS IN ALL PRINCIPAL CITIES ¢ REFER TO SWEET’S 1961 PRODUCT DESIGN FILE SECTION 7a/RE 


Our new 8-page catalog No. GS-8-30-0, will 
come in handy. Sent complete with prices 
and engineering drawings on request. 
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ADJUSTABLE-SP : I De 
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TO MEET EVERY APPLICATION REQUIREMENT 


Horsepower 


1/4 to 1250 


SPEED | 
| R. P.M, RANGE 
2 to 6000 Up to 200:1 
SPEED REGULATION § 
10% to 0.1% 





OPERATES FROM 
AC PCWER SOURCE 
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____ GENERAL @ ELECTRIC 








A Great Opportuni; 








Indus try’s 


most complete line 


of modern packaged drives 
for every performance level, 


every price range 








General Electric adjustable-speed drives are available 
every performarce level, every price range to help you 
output, improve quality, increase machine flexibility, 
installation costs, cut your maintenance budget, add subst 
profits to your business. 


To make possible these advantages, your General EI 
sales engineer is backed by an experienced team of adjustal 
speed drive specialists—men who work constantly to 1 
you get more out of your machines. 


They offer an unbiased, analytical evaluation of your req , 
ments—recommend the adjustable-speed drive that meets Hip, 
demands of your application most completely and economic 


GENERAL @® ELECTRIC 





9 Modernize for Increased Profits 





a 





a product research, G.E. 
@ysts more than three 
times the industry aver- 
@. You benefit from the 
Mat modern features in 
your G-E drive. 


General Electric industry and appli- 
cation specialists, familiar with your 
production process, assure proper 
selection and design of G-E adjust- 
able-speed drives to meet your 
specific application requirements. 


Write fo Section 821-4, General Electric 
Schenectady '5, New York 


Company 


-'« Trademark of General Electric Company 


MANUFACTURING 


—~ 


Skilled G-E workers, modern pro- 


duction facilities, standardized com- 
ponents and latest testing methods 
combine to give you high-quality, 
adjustable-speed drive equipment, 
shorter delivery time, lower prices. 


SERVICE 


G.E.’s service network 
offers three-way ‘round- 
thie-clock’ assistance: start- 
up service, productive 
maintenance assistance and 
complete repair service. 








~ 








PLUS e « « industry’s most 


complete line of drive components 
for both general purpose and 
special industry application 


To learn more about the modern capabilities of G-E 
ackaged drives and components, cail Ty nearby General 


lectric sales engineer. ADJUSTABLE SPEED, a new 
booklet which outlines G.E.’s complete line of modern 
packaged adjustable-speed drives, is also available to help 
you modernize for profits. Ask for Bulletin GEA-6999*. 


* Write to Section 821-4, General Electric Co., 
Schenectady 5, N. Y. In Canada, write Canadian 
General Electric, Peterborough, Ontario. 


DIRECT CURRENT MOTOR & GENERATOR DEPARTMENT 


GENERAL @® ELECTRIC 


ERIE, PENNSYLVANIA 

















Need a basic re- 
fresher course in 
FASTENERS? SEALS? 

? 


BEARINGS ? 
’ 


FERROUS METALS? 


Someone has said “Information 
keeps like fish.” The best 
method of storing design infor- 
mation is to keep your personal 
reference file as current as 
possible. MACHINE DESIGN’s 
Handbook series provides design 
engineers with current, authori- 
tative information on the speci- 
fication, standards, application 
and sources of supply for ma- 
terials and components. 

To obtain your personal copy 
of The FASTENERS Book, The 
SEALS Book, The BEARINGS 
Book or The FERROUS METALS 
Book, simply tell us which ones 
you need and enclose your 
remittance or Company Pur- 
chase Order of two dollars for 
each book. 

Up-date-your information today! 


Basic Reference Manuals 
For Design Engineers 
Reader 

Service 

Penton Building, 
Cleveland 13, Ohio 
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EVER DESIGN 
A MOTOR? 


if you were called 
upon to design a mo- 
tor we bet you would 
come up with one like 
the BROOK motor, be- 
cause then you ‘vould 
have everything you 
ever wanted in a mo- 
tor . . . technically 
correct windings and 
best insulation tech- 
niques and materials 
available today . . . en- 
closures designed so 
that internal parts can 
“breathe” and run cool 
. . . generous bearings 
with _well-engineered 
lubrication arrange- 
ment . . . terminals 
coded for easy wir- 
ing . . . construction 
throughout for a long 
service life and ease 
of maintenance. 


And all this at a price 
that helps you to low- 
er the cost of your 
product. 


Send for complete in- 
formation at once— 
you'll be glad you did! 


Woridé Most Respected Motor’ 


SINCE 1904 


BROOK MOTOR CORPORATION 


3302-04 W. Peterson Ave., Chicago 45, Il. 


Warehouses, Factory Representatives, Distributors in Principal Cities. 
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Definite-Purpose Motors 


OTORS listed in this section are designed for use under service con- 
ditions other than usual, or for use for a definite application. Al- 
though often grouped under the broad title of “special” motors, 

entries in this section are limited to motors meeting specifications in NEMA 
Standard MG-1959, Part 7. This standard also includes shell-type motors 
and universal motor parts. 

These motors are variations of general-purpose designs that make the 
motor more adaptable to a specific application. In some cases, mounting 
dimensions and methods are changed from standerd; in others, the vari- 
ation may be enclosure, performance, inclusion of switches, or addition of 
inherent overheating protection. 

Motors in this section are categorized according to NEMA-established 
applications. Entries in each category carry a letter code denoting electrical 
input, as follows: 


A. Ac Single Phase. 
B. Ac Polyphase. 

C. Direct Current. 
D. Universal (ac-dc) 


Franklin Electric Co. Inc., 400 E. Spring 
Bienen, Ind. 


(See Ad, Page 216) 


Belt-Drive Refrigeration 


Compressors 


American Electronics Inc., Electro-Me- General Electric Co., General Purpose Mo- 
chanics! Div., 1596 E. Ross Ave., Fuller- re mete Ft. Wayne, Ind. 


a General Electric Co., Specialty Motor 


Electric Co, Motor Div., 4353 Sata Ft. Wayne, Ind. 
RBG ; General Motors Corp, Delco Products 
vee de Co. Inc., P. O. Box Re 
989, Dayton I, Ohio A, 
A. B, n Inc., Kearfott Vk 1150 
Calco Mfg. Co., 205 Factory Rd., Addi- Mcbride Ave Ave, Little Falls, N = 3 
pe, i Howell Electric Motors Co., 409 N. Roose- 
Century Electric Co., 1806 Pine St., St. Howell, Mich. 
Louis 66, Mo. bs Cc 
A, B, C Marathon Electric Mfg. Cop Randolph 
(See Ad, Page 213) & Guay Sts., Wausau, 
Doerr Electric Corr 510 N. Fourth St., Marco’ Electric Mfg. Corp, Third & 
Cedarburg, W Franklin Sts, Womelsdort, Pa. 
(See Ad, Page 215) (See Ad, Page 220) 
Saey Seerenent Co, 1000 &. Boundary The Motoresearch Co., 1600 
A York, Pa. tion Ave. Re whe yom 
As Cc B 








Sie Electric & Engineering Co., 
foe fe Cleveland 17, Ohio = 


A, 
Robbins & M 1345 Lagonda 
pte “iid tga = 


(See Ad, Page 211) 


Small Motor Div., Westinghouse Electric 
Corp., Lima, Ohio 


. Smith Corp. 531 N. Fourth 
City, Ohio wi'' 


(See Ad, Pages 218 and 219) 


A. O. Smith Corp., Motor = 
N. St., Milwaukee l, ae 


# (See Ad, Pages 218 and 219) 


Wagner Electric Corp., 6400 Plymouth 
Ave., St. Louis 33, ‘Mo. 
A, B, C 


Jet Pumps 


American Electronics Inc., Electro-Me 
chanical Div., 1596 E. Ross Ave., Fuller- 
ton, Calif. 

A, B, C 

Baldor Electric Co., Motor Div., 48 
Duncan Ave., St. Louis, Mo. 

A, B, C 

Brown-Brockmeyer Co. Inc., P. O. Bor 
989, Dayton 1, Ohio 


A, B, C 
- Mfg. Co., 205 Factory Rd., Addison, 
- 


Century Electric Co., 1806 Pine St, S& 
Louis 66, Mo. 
(See Ad, Page 213) 


Doerr Electric Ba 510 N. Fourth St, 
Cedarburg, W: 


(See Ad, Page 215) 


Franklin Electric Co. Inc., 400 E. Spring 
ee asenaaee Ind. 


(See Ad, Page 216) 


General Electric Co., General Purpose Mo- 
tor oan Ft. Wayne, Ind. 


A, B 
General Electric Co., Specialty Motor 
pee oe ees 2 wer 


Came Motors Corp., Delco Products 
poe ae mM t., Dayton 1, Ohio 


General Precision Inc., Kearfott Div., 119 
McBride Ave., Little Falls, N. J. 
A, B, C, D 

Howeil Electric Motors Cc., 409 N. Roose 
he Howell, Mich. 


Marathon Electric Mfg. Co 
= Gheny Sts., Wausau, is. 


A, B, C 
Redmond Co. Monroe St., Owosso, Mich 


Reliance Electric & Engineering Co., 24701 
wa Ave., Cleveland it ee 


A, 
Robbins & M: 1345 nda Ave, 
Sorngield, Ohio — 


(See Ad, Page 211) 
Schaevitz hesvies Haginesriog, P. O. Box 
BaD? 


, Randolph 
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ampens Co, Monroe St., Owosso, Mich 
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Small Motor Div., Westinghouse Electric 
Pe Lima, Ohio 


io. Smith Corp., 531 N. Fourth St, 
Tipp City, Ohio 


(See Ad, Pages 218 and 219) 


A. O. Smith Corp., aor ale 3533 N. 
mn St., Milwaukee 1 
(See Ad, Pages 218 and 219) 
Standard Electric Mfg. Co., Hoddon Ave., 
a Berlin, N. J. 


Universal Electric Co., Owosso, Mich. 
A, B,C, D 
¥. oe Plymouth 


r Electric Co 
oom St. Louis 33, 
A, B 


Western Design, Div. of U. S. Industries 
— Santa Barbara Airport, Galeta, 


Calif. 
A, B, C 


Shaft-Mounted Fans 
and Blowers 


Air Marine ne iy 3 Inc., om yview Ave., 
Amityville, L a 
A, B 

Alliance roe Co., Lake Park Blvd., Al- 
— Ohi 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Fuller- 
ton, Calif: 

A, B, C 


Ashland Electric Products Inc., 


eens, L. L, N. Y. 
R's 


Baldor Electric Co., Motor Div., 4353 
Duncan Ave., St. Louis, Mo. 
A, B, C 

Barber-Colman Co., Small Motor Div., 
a Rock St., Rockford, Ill 


Inc., P. O. Box 


32-02 


Brown-Brockmeyer Co. 
989, mayen 1, Ohio 
A, B, 

Carter Motor Co., 2711 W. George St., 
cp” 18, Il. 


Century Electric Co., 
Louis 66, Mo. 
A, B, C 
(See Ad, Page 213) 


Doerr Electric Corp., 510 N. Fourth St., 
mere. Wis. 


(See Ad, Page 215) 
Eastern +" : om Inc., 385 Central Ave., 
— = 


Electra ay st i. 1110 N. Lemon St., 
ee, Ce lif. 


Electric Motors & S$ 


. Hamshen Sts., 


1806 Pine St., St. 


alties Inc., King 
arrett, Ind. 


The Emerson Electric Mfg. Co., 8100 
_nriesant Ave., St. Louis Mo. 


Sao Industries Inc., 255 N. Union St., 
Rochester 2, N. Y. 
Instrument Co., 1000 E. Bound- 


ary Ave. York, Pa. 
A, B, C, D 


861 Edition 


Franklin Electric Co. Inc., 400 E. Spring 
St. Bluffton, Ind. 


(See Ad, Page 216) 


General Electric Co., General Purpose Mo- 
cE Dept., Ft. Wayne, Ind. 


General Electric Co., Specialty Motor 
BhG Ft. oe Ind. ad 
hyd 
oon 329 E. First 
A,B 
General Precision Inc., snag? Div., 1150 
re my Ave., Little Falls, N. J. 


ion Instrument Co., 
aterbury 20, Conn. 


Howard Industries Inc., Racine, Wis. 
A, B, C,D 

Howell Electric Motors Co., 409 N. Roose- 
X's Howell, Mi 


Hupp Electronics Co., Div. of Hupp Corp., 
7 Circle Ave., Forest Park, iL 


Delco Products 
, Dayton 1, Ohio 


The Ha 17 Brown 


a ics Corp., peas Div., 570 
Main St., Westbury, N 

A, B, C 

J] E M Electronics Corp., 743 Circle Ave., 
eo Park, Ill. 

Leece-Neville Co., 5109 Hamilton Ave., 
re 14, Ohio 


Lima Electric Motor Co., 4886 Findlay 
~ Lima, Ohio 


Marathon Electric Mfg. Corp., Randolph 
‘ arid Sts., Wausau, Wis. 


Marco Electric Mfg. Corp., Third & 
eames Sts., Womelsdorf, Pa. 


(See Ad, Page 220) 


The Motoresearch Mfg. Veg 1600 Junc- 
tion Ave., Racine, 
A, B 

Heinz Mueller Engineering Co., 4725 W. 


Iowa St., Chi 51, 
A.C ook 


(See Ad, Page 220) 


Piqua Machine & : Ble. Co., 441 S. College 
am Piqua, O 


Rag — Corp., Box 518, McHenry, Il. 
Redmond Co., Monroe St., Owosso, Mich. 
A, C, D 


Reliance Electric & Engineering Co., 24701 
ee oo Cleveland 17, Ohio 


Robbins & M aos 1345 Lagonda Ave., 
Springfield, O) "Ohi 


* "(Gee Ad, Page 211) 


Robbins & Myers _~ Hunter Div., 2500 
— Memphis, Tenn. 


(See Ad, Page 211) 


Rotating Com Fag” a ay 1560 Fifth Ave., 
Bay Shore, L. 1 CL 


Rotron Mfg. Co., 79 Schoonmaker Lane, 
ir N. Y. 
Small ——; Div \ sec. coca Electric 


bss 


3—DEFINITE-PURPOSE MOTORS 


Small ore Inc., 2076 Elston Ave., Chi- 
cago 14, Ill 
aca B.CD 
. Smith Corp., 531 N. Fourth St. 
City, Ohio 


(See Ad, Pages 218 and 219) 


A. O. Smith Motor Div., 3533 N. 
27th St. Milokes Wis. 


(See Ad, Pages 218 and 219) 


Standard Electric Mfg. Co., Hoddon Ave., 
b ey Berlin, N. J. 


Teane, Tae san Laat0 Nebraska 
ve., son » 
A, B, C, D 
Universal Electric Co., Owosso, Mich. 
A, B,C, D 
Uppco oo 900 S. Desplaines St., Chi- 
E eshetass 
Vall a 4221 Forest Park 
Blvd. St Louis & Mo. 


Western Div. of U. S. Industries 
ne Santa Barbara Airport, Galeta, 
A, B,C 
Belted Fans and Blowers 


Ashland Electric Products Inc., 
Ps Blvd., Queens, L. L, N. Y. 


Baldor Electric Co., Motor Div., 4353 
Duncan Ave., St. Louis, Mo. 
A, B, C 

Brown-Brockmeyer Co. Inc., P. O. Box 
989 —_— 1, Ohio 


Carter Motor Co., 2711 W. George St., 
Chicago 18, Ill. 
c,D 

Century Electric Co., 
Louis 66, Mo. 

A, B, C 
(See Ad, Page 213) 


Doerr Electric Corp., 510 N. Fourth St., 
Cedarburg, Wis. 


(See Ad, Page 215) 


Eicor Div., Indiana General Corp., 517 
2 Walnut, Oglesby, Ill 


Electra Motors Inc., 1110 N. Lemon St., 
Anaheim, Calif. 


32-02 


1806 Pine St., St. 


The Emerson Electric Mfg. Co., 8100 
— Ave., St. Louis 36, Mo. 


sry = Co., 1000 E. Bound- 
A. B; 
Franklin Electric Co. Inc., 400 E. Spring 
St., Bluffton, 
(See Ad, Page 216) 


General Electric Co., General Purpose Mo- 
- Dept. Ft. Wayne, Ind. 


General Elie Co, Speilty Motor 
Pe an. 

A, B, C 

General Motors Delco Products 
rie Dayton 1, Ohio 


Howell Electric Motors Co., 409 N. Roose- 
eX -tae 
A, B, C 
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IMC Magnetics Corp., Eastern Div., 570 
aes St.. Westbury, N. Y. 


Marathon Electric Mfg. Cop. Randolph 
: oar Sts, Wausau, Wis. 


Marco Electric Mfg. Corp. Third & 
Franklin Sts., Womelsdort, Pa. 
(See Ad, Page 220) 


The Motoresearch Mfg. Co., 1600 Junction 
ive. Racine, Wis. 


oom Co., Monroe St., Owosso, Mich. 


Reliance Electric & Engineering Co., 24701 
a pt Cleveland 17, Ohio 


Robbins & Myers Inc., 1345 Lagonda Ave., 
oe. Ohio 
(See Ad, Page 211) 
Robbins & Myers Inc., Hunter Div., 2500 
Frisco, Memphis, Tenn. 
(See Ad, Page 211) 


Rotron Mfg. So. - Schoonmaker Lane, 
* mampoae » % 


Small Motor Div., Westinghouse Electric 
a hs Lima, Ohio 


A. O. Smith Corp., 531 N. Fourth St. 
pipe City, Ohio 
(See Ad, Pages 218 and 219) 


Standard Electric Mfg. Co., Hoddon Ave., 
re Berlin, N. J. 


Valley Electric Co ay Forest Park 
wey St. Louis eM 


Wagner Electric Corp., 6400 Plymouth 
is St. Louis 33, Mo. 


Cellar Drainers and 
Sump Pumps 


Baldor Electric Co., Motor Div., 4353 
Duncan Ave., St. Louis, Mo. 
A, B, C 

Brown- penne ag Co. Inc., P. O. Box 
ai eke , Ohio 


os Electric Co., 
Louis 66, Mo. 


(See Ad, Page 213) 
Doerr Electric Corp., 510 N. Fourth St., 
“— Wis. “4 


(See Ad, Page 215) 


EMD Components Inc. 1410 E. 289th 
~ » es iffe, Ohio 


1806 Pine St., St. 


The Emerson Electric Mfg. 
portant Ave., St. Louis 


i Electric Co. Inc., 400 E. Spring 
Ra ation, Ind. 
(See Ad, Page 216) 
General Electric Co., General Purpose Mi 
- Dept., Ft. Wayne, Ind. % 


General Electric wy > Sane Mot 
Dept. Ft. Wayne, Ind 33 4 


Co., 8100 
Mo. 
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General Motors “yo Delcw Products 
a 329 E. First Dayton 1, Ohio 


Howell Electric Motors Co., 409 N. Roose- 
x's Howell, Mi 


; eo 


Marathon Electric Mfg. Corp 
& Cherry Sts., Wausau, 


Marco Electric Mfg. Co: ip SRS Eee 


lin Sts., Womelsdorf, 
(See Ad, Page 220) 
Pi pe Mashine © 38. Co., 441 S. College 
., Piqua, Ohio 


we Co., Monroe St., Owosso, Mich. 


eis Electric & neering Co., 24701 
re i Ave., Chevelend 17, Ohio 


Robbins & eve “2 1345 Lagonda Ave., 
oo 
(See Ad, Page 211) 
Small Motor Div., Westinghouse Electric 
es % Lima, Ohio 


Standard Electric Mfg. Co., Hoddon Ave., 
om Berlin, N. J. 


Universal Electric Co., Owosso, Mich. 
A, B, C, D 


Gasoline Dispensing Pumps 


Doerr Electric Corp., 510 N. Fourth St., 
Cedarburg, Wis. 
(See Ad, Page 215) 
EMD Components Inc., 1410 E. 289th St., 
Wickliffe, Ohio 
A, B 
Franklin Electric Co. Inc., 400 E. Spring 
St., Bluffton, Ind. 
(See Ad, Page 216) 


General Electric Co., General Purpose Mo- 
ed a Ft. Wayne, Ind. 


General Electric Co., Specialty Motor 
ow Ft. Wayne, Ind. 


Howell Electric Motors Co., 409 N. Roose- 
ha we Howell, Mich. 


bon S & Heintz, Div. of The Siegler Corp., 
627 Broadway, Cleveland, Ohio 


Marco Electric Mfg. .. Third & 
— Sts., Womelsdorf, Pa. 
(See Ad, Page 220) 


Reliance Electric & Engineering Co., 24701 
— Ave., Cleveland 17, Ohio 


Small Motor Div., Westinghouse Electric 


ay Lima, Ohio 
A, 
ey x Becuste Co., Owosso, Mich. 


Oil Burners 


Century Electric Co., 1806 Pine St., St. 
a 66, Mo. 


(See Ad, Page 213) 


Doerr Electric aa 510 N. Fourth St., 
i Bede 


(See Ad, Page 215) 





The Emerson Electric Mf 
ae Ave., St. Louis 


ogi Electric Co., General Purpose Mo- 
- Dept., Ft. Wayne, Ind. 


General a ee, Specialty Motor 
Dept., Ft. Wayne, Ind. 
A, B, C 


Delco Products 


Motors 
:, Dayton 1, Ohio 


General 
Div., 329 E. First 
A,B 


Howell Electric Motors Co., 409 N. Roose- 
-~ Howell, Mich. 


Leece-Neville Co., 5109 Hamilton Ave, 
oem 14, Ohio 


Marathon Electric Mfg. Corp., Randolph 
es Cherry Sts., Wausau, Wis. 


Marco Electric Mfg. Corp., PRs & 
Franklin Sts., Womelsdorf, Pa. 


(See Ad, Page 220) 
or se Co., Monroe St., Owosso, Mich. 


Reliance Electric & Engineering Co., 24701 
— Ave., Cleveland 17, Ohio 


Reliance Instrument Div., Electro-Mech 
& is Subsidiary of American Chain 
ble, 500 Livingston St., Norwood, 


Robbins & Myers Inc., 1345 nda 
ee Springfield, O _ 
(See Ad, Page 211) 


Small Motor Div., Westinghouse Electric 
rasa Lima, Ohio 


A. O. 7 Corp., Motor Da 3533 
N. Sing , Milwaukee 1, 


see Ad, Pages 218 and 219) 


Universal Electric Co., Owosso, Mich. 
A, B, C, D 


Home Laundry Equipment 


The Emerson Electric Mfg. Co., 8100 
wanes Ave., St. Louis 36, Mo. 


Fidelity Instrument Co., 1000 E. Bound- 
ary Ave., York, Pa. 
A, B, C, D 

Franklin Electric Co. Inc., 400 E. Spring 
St., Bluffton, Ind. 


(See Ad, Page 216) 


General Electric Co., Appliance Motor 
Dert., Morrison, Ill. 


The General Industries Co., Olive & Tay- 
¥ Sts., Elyria, Ohio 


General Motors Corp., Delco Products 
a 329 E. First e Dayton 1, Ohio 


., Industrial Products, 
Bristol, Conn. 


m, Ingraham Co 
. Main St. 


Leece-Neville Co., 5109 Hamilton Ave, 
——— 14, Ohio 


Marat Electric Mfg. Corps Randolph 
rry Sts. Wausau, Wis. 


’ 
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help give BLACK & DECKER 
INDUSTRIAL TOOLS 

power, long life, 
maintenance-free service 


For more than forty years Black & Decker electric tools have 
been recognized by users as the most dependable and adequate 
tools of their kind. This reputation has been earned through 
rigid quality control, intensive research, testing and design 
engineering. To help make these tools first in performance and 
quality the world over, Black & Decker specify 

USG motor brushes. (Some of the industrial electric tool 


applications are pictured here.) 


United States Graphite Company (USG) brushes are giving 
excellent service not only in Black & Decker products, but also 
in hundreds of installations, large and small, throughout 
industry. Because the brushes in any electric powered unit are 
so vital to the long life, power and maintenance-free 

service of that unit, it pays to specify USG brushes 

of carbon, carbon-graphite, electro-graphite, graphite, 

metal graphite or silver graphite. 


Write for catalog B-56 and the USG 
grade list. Most of the information 
necessary to design engineers is con- 
tained in these two books. 


8-246-1 


THE UNITED STATES GRAPHITE COMPANY 
DIVISION OF THE WICKES CORPORATION, SAGINAW 7, MICHIGAN 
GRAPHITAR® canson-crapuite © SRAMIX® powpeReD mETAL PARTS © MEXICGAN® crapnize propucts © USG® sausues 
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Marco Electric Mfg. Co “p Third & 
Franklin Sts., Womelsdort, Pa. 


(See Ad, Page 220) 
bey Motoresearch las Co., 1600 Junction 
Ave., Racine, W: 
A 
- ea Co., Monroe St., Owosso, Mich. 


Reliance Electric & Engineering Co., 24701 
ey Ave., Cleveland 17, Ohio 


Robbins & Myers Inc., 
Springfield, Ohio 


(See Ad, Page 211) 


 * Motor Div., Westinghouse Electric 
., Lima, Ohio 


1345 Lagonda 


Universal Electric Co., Owosso, Mich. 
A, B, C, D 


Upe ma, 900 S. Desplaines St., Chicago 


Coolant Pumps 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Fuller- 


ton, Calif. 
ABC 

Ashland Electric Products Inc., 
Ps Blvd., Queens, L. L, N. Y. 


Bepeen Roveimnayar Co. 
es dee » Ohio 


Carter Motor Co., 2711 W. George St., 
pe 18, Til. 


32-02 


Inc., P. O. Box 


Doerr + mag Co , 510 N. Fourth St., 
Cedarburg, W a? 
A,B 
(See Ad, Page 215) 
Electric Motors & Specialties Inc., King & 
Sts., Garrett, Ind. 


EMD Components Inc., 1410 E. 289th St., 
Wickliffe, Ohio 
A,B 

Fasco Industries Inc., 255 N. Union St. 
Y eed a ie 


Franklin Electric Co. Inc., 400 E. Spring 
St Bluffton, Ind. 
(See Ad, Page 216) 


General Electric Co., Appliance Motor 
Dept. Morrison, Ill. 


General Electric Co., 


General Purpose 
Motor Dept., Ft. Wayne, Ind. 


General Electric Co., Specialty Motor 


ac Ft. Wayne, Ind. 


The General Industries Co., Olive & Tay- 
ry Sts., Elyria, Ohio 


General Motors 


Delco Products 
2S oe Dayton 1, Ohio 


Howell Electric Motors Co., 409 N. Roose- 
X's Howell, Mich. 


2i0 





Leece-Neville Co., 5109 Hamilton Ave., 


tc 14, Ohio 


we = Electric Mfg. 
& Cherry Sts. 


A, B, C 


Marco Electric Mfg. Co 
Franklin Sts., Womelsdorf, Pa. 


(See Ad, Page 220) 
a Co., Monroe St., Owosso, Mich. 


ee ee SE a 


Third & 


Reliance Electric & ineering Co., 24701 
ey ~~ oe 17, Ohio 


Robbins & M: Inc., 1345 Lagonda Ave., 
Springfield, Ohio 
(See Ad, Page 211) 
Small ae Oe Div., gp Westinghnute Electric 


” 


A. O. Smith Corp., 531 N. Fourth St. 
yirp City, Ohio 
(See Ad, Pages 218 and 219) 


A. O. Smith Corp., Motor Div., 3533 N. 
re St., Milwaukee 1, Wis. 
(See Ad, Pages 218 and 219) 


Universal Electric Co., Owosso, Mich. 
A, B, C,D 


Ups Ins. 900 S. Desplaines St., Chicago 


Air Conditioning 
Condensers and 
Evaporator Fans 


American Electronics Inc., Electro-Me- 
chanical Div., 1396 E. Ross Ave., Fuller- 
ton, Calif. 

A, B,C 

Barber-Colman Co., Small Motor Div., 
~ Rock St., Rockford, Ill. 

Brown-B Co. Inc, P. O. Box 
989, «om » Ohio 

B, 

Century Electric Co., 

Louis 66, Mo. 
A, B, C 
(See Ad, Page 213) 


Doerr Electric Sa. 510 N. Fourth St., 
Cedarburg, W 


(See Ad, Page 215) 
Electric Motors & Specialties & 
hihaoae 


1806 Pine St. St. 


The Emerson Electric Mf; 


Co., 8100 
mae Ave., St. Louis Mo. 


Fasco Industries Inc., 255 N. Union St., 
| emer boat 


Fidelity Instrument Co., 1000 E. Bound- 
ary Ave., York, Pa. 
A, B, C, D 
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Franklin Electric Co. Inc., 400 E. Spri 
a Eaveens Se. 


(See Ad, Page 216) 
General Electric Co., General Purpose 


ae Pets Wayne, Ind. 


A, B 
General Electric Co., Specialty 


Amb Ft. Wayne, Ind. 


ei Industries Co., Olive 
“Faplor Sts., Elyria, Ohio 

















Motors Corp., Delco suet nce 
B26 391 Lyell Ave., Rochester, N. 








“Bins 309 Fine & pee Tce 







General Precision Inc., Kearfott Div., 1 
McBride Ave., Little Falls, N. J. 
A, B, D 

Howard Industries Inc., Racine, Wis. 
A, B, C,D 

Howell Electric Motors Co., 409 N. Roo 
a y -a Mi 


IMC Mee, Corp., a Div., 
Mae 2 Westbury, N. Y. 


Leece-Neville Co., 5109 Hamilton Ave, 
ay sa 14, Ohio 















eg” le 4886 Findlay 
.. Lima, O) 


Marathon Electric Mfg. Corp., Randolph: 
& Cherry Sts., Wausau, Wis. 
A, B, C 









Marco Electric Mfg. 
Franklin Sts., Womelsdort, Pa. 
(See Ad, Page 220) 


The Motoresearch Mfg. Lhe 
a Ave., Racine, 








1600 June- 







ua Machine & Mfg. Co, 441 & i} 
ee ae. Ce 


Raimond Co., Monroe St., Owosso, Mich. 


Reliance Electric & Engineering Co 
Ave., Cleveland 17, Ohio 


Euclid 
on Fifth 





Rotating Components Inc., 
Av Bay in LI, N. 


Small Motor Div., Westinghouse Electric 


Corp, Lima, Ohio 
= 
4 Smith Corp., 531 N. Fourth St, 
City, Ohio 
(See Ad, Pages 218 and 219) 
A. O. Smith Corp., Motor Div., 3533 N. 
a St., Milwaukee 1, Wis. 
oe, Ad, Pages 218 and 219) 


Universal Electric Co., Owosso, Mich. 
A, B, C,D 


Sat a 6 eee. &. Chi- 


Sesee BS See 


Valley Electric ne Forest Park 


SS St. Louis 8, M 
agg pam ok 6400 Plymouth 


Aves 8. Louis 








MOTORS 


special application 





ae 
fee 


if special application FHP motors are on your mind... 
write for RaM’s new Bulletin 445 


This informative bulletin illustrates 
and describes in detail Robbins & 
Myers broad new line of Special Ap- 
plication FHP Motors. 
You may select from four frame 
sizes, sixteen ratings from 1/100 
through 1/3 HP, three different pole constructions, three 
standard mounting arrangements and four electrical 
types. 

Simple, compact and quiet, these motors offer built-in ratings from 1/100 to 1/3 horsepower 
benefits for your customers, as well as design flexibility : 
for you, where silent operation, limited mounting space 
and minimum attention are factors. 

Also, should your requirements be so special that a 
custom designed motor is indicated, our expert applica- 
tion engineers, using the most modern electronic com- 
puters, can promptly select the optimum design for your rn 
Special requirements. Write today for your copy of 
RaM’s new bulletin 445-MD 


ROBBINS & MYERS, INC., Springtieid, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog industrial Pumps 
Propellair, Industrial Fans * R & M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tean., Pico Rivera, Calit., Brantford, Oaterie. 


round body round body 
with resilient rings «4 without resilient rings 





rigid basé mounting resilient base mounting 


Circle E-35 on Page 149 











Machine Tools 


Allis-Chalmers Mfg. Co., 1126 S. 70th 
St., Milwaukee, Wi 
B, C, D 
Louis Allis Co., 427 E. Stewart St., Mil- 
waukee |, Wis. 
A, B, C 
Baldor Electric Co., Motor Div., 4353 
Duncan Ave., St. Louis, Mo. 
A, B, C 
Brook Motor Corp., 3302-04 W. Peterson 
A'S Chicago 45, Il. 


Brown-Brockmeyer Co. Inc., P. O. Box 
989, 4 1, Ohio 
Century Electric Co., 1806 Pine St., St. 
Louis 66, Mo. 
A, B, C 
(See Ad, Page 213) 
Continental Electric Co., 325 Ferry St., 
era 5, N. J. 


Doerr Electric Corp., 510 N. Fourth St., 
aeroure, Wis. 


(See Ad, Page 215) 


Electra Motors Inc., 1110 N. Lemon St., 
Anaheim, if. 


Elliott Co., Div. of Carrier Corp., Jean- 


nette, Pa. 


Fairbanks, Morse & Co., 303 N. Hender- 
son, Freeport, Ill. 


Fidelity Instrument Co., 1000 E. Bound- 
Sary Ave., York, Pa. 
B, C,D 
Franklin Electric Co. Inc., 400 E. Spring 
ws a Ind. . 


(See Ad, Page 216) 


General Dynamics/Electro Dynamic, | 
Po A, Daeata N. J. ae 


General Electric Co., Small I al Mo- 
et cae Ft. Wayne, Ind. _ . 


General Electric Co., Medium AC Mot 
. Generator Dept., Schenectady, N. Y. 


General Electric Co., Small AC Motor & 
+ Dept., Schenectady, N. Y. 


Delco Products 


General Motors Corp., 
ee. Dayton 1, Ohio 


Div., 329 E. First 
A, B 


Lima Electric Motor Co., 4886 Findl 
Rd, Lima, Ohio 7. 


pee | Electric Co., Direct nent Mo- 
tor Generator Dept., Lake 
eb Erie, Pa. 


Howell Electric Motors Co., 409 N. Roose- 
x's Howell, Mich. 


Imperial Electric Co., Akron 9, Ohio 
c,D 


Marathon Electric Mfg. 7 Randolph 


& Cherry Sts., Wausau, 
A, B,C 


Peerless Electric Co., 1401 W. Market St., 
Ohio 


W: 
A, BG 
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P. Machinery » 261 River 
“Haver, oo me 


id ance Electric Co., 24701 
Euclid Becton tT his 


Reuland Electric Co., 3001 W. Mission 
- Alhambra, Cal Calif. 


Robbins & Myers Inc., 1345 Lagonda Ave., 
Springfield, Ohio 


(See Ad, Page 211) 


Safety Electrical Equipment Corp., 1187 
aaa, Ave., New Haven, Conn. 


én Tek Products Co. Inc., 1086 Goffle 
~ Hawthorne, N. J. 


A. O. Smith Corp., 531 N. Fourth St. 
Tipp City, Ohio 


(See Ad, Pages 218 and 219) 


O. Smith Corp., Motor Div., 3533 N. 
27th St., Milwaukee 1, Wis. 


A, B 
(See Ad, Pages 218 and 219) 


Standard Electric Div., Standard Dayton 
CF Box 1001, Dayton, Ohio 


Sedieg oy Motors Inc., neal Te of 
+ Instruments Inc. 54 5401 Tele- 
¢" i 


. Los Angeles 22, Calif 
U. S. Electrical Motors Inc., 200 E. Slau- 
- Ave., Los Angeles 54, Calif. 


Valley Electric Corp. 4221 Forest Park 
Mw St. Louis 9 Mo. 


Wagner Electric Corp., 6400 Plymouth 
AS St. Louis 33, Mo. “ai 


Westinghouse Electric Corp., Motor & 
ne Buffalo, N. Y. 7” 


Elevators 


Allis-Chalmers Mfg. Co. 1126 S. 70th 


St., Milwaukee, 
B 


Louis Allis Co., 427 E. Stewart St., Mil- 
waukee 1, Wis. 


Brook Motor Corp., 3302-04 W. Peterson 
Ave, Chicago ‘i. 


oy c = Inc., P. O. Box 

on 1, Ohio 

Bc 

Continental Electric Co., 325 Ferry St., 
eg 5, N. J. 


Doerr Electric Corp., 510 N. Fourth St., 
Cedarburg, Wis. 
(See Ad, Page 215) 
Electra Motors Inc., 1110 N. Lemon St., 
Anaheim, Calif. 


Elliott Co., Div. of Carrier Corp., Jean- 
geme, Pa. 


Febhanbe, Moan, ft Co., 303 N. Hender- 
son, Freeport, Ill. 
A. BC 
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Fidelity Instrument 1000 E. Bo 
BCD York, Ne ¥ 
Franklin Electric Co. Inc., 400 E. Spring 
St, Bluffton, Ind. i 
(Ses Ad, Page 216) 


General Dynamics/Electro Dynamic, 163 
Avenue A, Bayonne, N. J. 
B, C, D 
General Electric Co., Direct Current Mo- 
tor & Generator Dept. 3001 Lee 
Erie, Pa. 
ep 


General Electric Co., Medium AC Motor 
. Generator Dept., Schenectady, N. Y, 


General Electric Co., Small AC Motor & 
wen Dept., Schenectady, N. Y. 


General Electric Co., Small Integral Mo- ° 
re Dept., Ft. Wayne, Ind 


Howell Electric Motors Co., 409 N. Roose- 
he Howell, Mich. 


Imperial Electric Co., Akron 9, Ohio 
Bc, D 


Marathon Electric Mfg. Corp., Randolph 
, Cherry Sts., Wausau, Wis. 

Reliance Electric & Engineering Co., 24701 
pac Ave., Cleveland 17, Ohio 


Reuland Electric Co., 3001 W. Mission 


.. Alhambra, Calif. 


Standard Electric Div., Standard Daytoa 
a Box 1001, Dayton, Ohio 


Sterling Electric Motors Inc., . of 
Catoray Instruments Inc., bi 
graph , Los Angeles 3” Cali 


Valley Electric — 4221 Forest Park 
ay St. Louis 8, Mo. 


Wagner Electric hk 6400 Plymouth 
are St. Louis 33, Mo. 


Westinghouse pte Cons Motor & 
wo Buffalo, N. Y. 


Cranes 


Allis-Chalmers Mfg. 1126 S. 70th 


St., Milwaukee, Wis. 
B, C 


Co., 


Louis Allis Co., 427 E. Stewart St., Mil- 
waukee 1, Wis. 

Brook Motor Corp., 3302-04 W. Peterson 
e Chicago 45, Ill. 

Century Electric Co., 1896 Pine St, St 
Louis 66, Mo. 

A, B, C 

(See Ad, Page 213) 


Continental Electric Co., 325 Ferry St 
2 gppatedeg 


Doerr Electric Corp., 510 N. Fourth St, 
Cedarburg, Wis. 


AB Tg, 
(See Ad, Page 215) 
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1110 N. Lemon St. 





Electra Motors Inc., 
Anaheim, Calif. 
B 


Elliott Co., Div. of Carrier Corp., Jean- 
nette, Pa. 
B, C 

Fairbanks, Morse & Co., 303 N. Hender- 
son, Freeport, Ill 

18 A, B, C 

Fidelity Instrument Co., 1000 E. Bound- 
ne Ave., York, Pa. 


a 


Mo- A,B, C,D 
a Franklin Electric Co. Inc., 400 E. Spring 
St., Bluffton, Ind. 
‘ (See Ad, Page 216) 
General gules Ee Dynamic, 163 
r & cD 7% Bayonne, N 
... en Co., Small Integral Motor 
Mo- * = Dept., Ft. Wayne, Ind. 
A,B 
General Electric Co., Medium AC Motor 
OSe- 


& Generator Dept., Schenectady, N. Y. 
B 


General Electric Co., Small AC Motor & 
— Dept., Schenectady, N. Y. 


lph § General Electric Co., Direct Current Mo- 
tor & Generator Dept., 3001 E. Lake 


Rd., Erie, Pa. 
£701 c,D 
Howell Electric Motors Co., 409 N. Roose- 
velt, Howell, Mich. 
sion § AB 


= ON Electric Co., Akron 9, Ohio 


ytoa § §=Marathon Electric Mfg. Corp., Randolph 
H 7 Sts., Wausau, Wis. 


fi. Peerless Electric Co., 1401 W. Market St., 
he'C Ohio 


Dark Reliance Electric & Boaieoming ( S. 24701 
, cB , Cleveland 17, 


vuth Reuland Electric Co., 3001 W. Mission 
_ Alhambra, Calif. 


& Robbins & Myers Inc., 1345 Lagonda Ave., 
Prntield, Ohio 


(See Ad, Page 211) 


Safety Electrical Equipment Corp., 1187 
Dixwell Ave., New Haven, Conn. 


A. O. Smith Corp., Motor Div., 3533 N. 
27th St., Milwaukee 1, Wis. 


(See Ad, Pages 218 and 219) 


Aiil- Standard Electric Div., Standard Dayton 
wy Box 1001, Dayton, Ohio 


son Sterling Electric Motors Inc., Sebestiney of 
Hathaway Instruments Inc., 5401 Te’ 
perk .. Los Angeles 22, Calif. 


Wagner Electric Corp., 6400 Plymouth 
_~ St. Louis 33, Mo 


St, Western Design, Div. of U. S. Industries 
nie Santa Barbara Airport, Galeta, 


= Cc 
use ine Sa Motor & 


"Gate, Buffalo, N 
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CENTURY 





DEFINITE 
PURPOSE 
MOTORS 








.. preferred by design engineers 


Single phase—AC 

Fan and blower motors (from 1/20 Hp.) 
Pump motors (from 1/20 Hp.) 

Farm equipment motors (from “4 Hp.) 
Special Service motors (%—'% Hp.) 


Polyphase Motors—AC 

Pump motors (to 200 Hp.) 

Crane and Hoist motors (to 200 Hp.) 
Punch press motors (to 200 Hp.) 

Oil well pumping motors (to 100 Hp.) 
Textile motors (to 50 Hp.) 


Direct Current 
Complete drive systems 


With a wide selection of bearings, 
enclosures and mountings. Call or write 
your nearby Century Sales Office 


CENTURY ELECTRIC COMPANY 


St. Louis 66, Missouri 


C 
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with or without prongs 


This is another Triple M devel- 
opment, engineered for high 
speed assembling as well as for 
trouble-free performance. The 
new WTF Cormmutator meets all 
requirements for speed, stabil- 
ity, and insulating properties. 








oWidwest 





AND MANUFACTURING COMPANY 4 


CUSTOM -ENGINEERED 
GURNEE, ILLINOIS 
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Submersible Motors 
For Deep Well Dumps 


EMD Components Inc., 1410 E. 289th St., 
is Ohio 


Fairbanks, Morse & Co., 303 N. Hender- 
Freeport, ‘ 


Franklin Eiectric Co. Inc., 400 E. Spring 
St., Bluffton, Ind. 
(See Ad, Page 216) 


General Electric Co., General Purpose Mo- 
ne Ft. Wayne, Ind. 


General Electric Co., Medium AC Motor 
> Generator Dept., Schenectady, N. Y. 


Jack & Heintz, Div. of The oe ee Comp. 
wt Broadway, Cleveland, O) 


Reliance Electric & Engineering Co., 24701 
ioe Ave., Cleveland 17, Ohio 


U. S. Electrical Motors Inc., 200 E. Slau- 
- Ave., Los Angeles 54, Calif. 


High-Frequency 
Industrial Motors 


Air Marine Motors Inc., 360 Bayview Ave., 
a Esp Fe Ue 


Louis Allis Co., 427 E. Stewart St., Mil- 
— 1, Wis. 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Fuller- 
ton, Calif. 

A, B, C 

Calco Mig. Co., 205 Factory Rd., Addi- 

= 


Continental Electric Co., 325 Fi St. 
— 5, N. J. es 


Doerr Electric Fans 510 N. Fourth St., 
Cedarburg, W 


(See Ad, Page 215) 
Goose Corp., 315 Tudor Lane, Manas- 
sas, Va. 
A, B 
General Electric Co., Small AC Motor & 
ree Dept., Schenectady, N. Y. 


General Precision Inc., Kearfott Div., 1150 
a Ave., Little Falls, N. J. 


Genisco Inc., 2233 Federal Ave. Los 
oo 64, Calif. 


Paul E. Gerst & Co. Inc., 4868 N. Clark 
i. 40, Ill. 


Hoover Electric Co., 2100 S. Stoner Ave., 
ee om 25, Calif. 


nigh Electric Motors Co., 409 N. Roose- 
a Howell, Mich. 


ee ee Se, Ss See 
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ack & Heintz, Div. of The 
itr Broadway, ded tie om 


Marathon Electric Mfg. Corp., Randolph 


ae ae is. 
Martronics Inc., 82 Stanford St., Hamden 
ih Se 
(See Ad, Page 220) 
Mal ome Syntorque Corp., West Hurley, 
A,B 


The Motoresearch 
ton Ave., Racine, < e 


Pesco Products Div., Borg-Warner Corp, 
rey N. Miles Rd., Bedford, Ohio 


., 1600 June. 


mat, om 28 River St, 


MBE Electric & Engineering Co. 
= Ave., Cleveland 17, i 


5 P. O. Bo 
——. 1 : 7 
A, B, C, D 


Small Motor Div., Westinghouse Electric 
ay Lima, Ohio 


Small et Inc., 2076 Elston Ave., Chi- 
cago ’ 
A,B 

Western Design, Div. of U. S. Industries 
Inc., Santa Barbara Airport, Galeta, 


Calif. 
A, B, C 


Westinghouse Electric Corp., Motor & 
Gearing, Buffalo, N. Y. 


Canned Motor Pumps 
For Nuclear Applications 


American Electronics Electro-Me- 
chanicai a 1596 E. Phas Ave., Fuller- 


to 
A, 
Doerr oat | Comp. 510 N. Fourth St. 
ee We, 
(See Ad, Page 215) 


EMD Components Inc., 1410 E. 289th St, 
Wickit, Ohio 


Franklin Electric Co. Inc., 400 E. Sprig 
a Ind. 


(See Ad, Page 216) 
General Electric Co., Small AC Mates, & 


a Dept., Schenectady, N 
General Precision Inc., Kearfott Div., 110 
McBride Ave., iinie Falls, N. J. 


A, B, C,D 


Peerless Electric Co., 1401 W. Market St, 
ae Ohio 


Western Design, Div. of U. S. Industries 
oe Santa Barbara Airport, Galeta, 


Westi use Electric Corp. Motor & 
Gitinghoure Ae N. Y. ‘4 
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Hermetic Refrigeration 
Compressors 
(Shell-Type) 


Louis Allis Co., 427 E. Stewart St., Mil- 
— l, Wis. 


Century Electric Co., 1806 Pine St., St. 
Louis 
A, B 
(See Ad, Page 213) 


Eicor Div., Indiana i eg Corp., 517 
* Walnut, Oglesby, Ill 


Elliott Co., Div. of Carrier Corp., Jean- 
—. Pa. 


The Emerson Electric Mfg. Co., 8100 
— Ave., St. Louis 36, Mo. 


General Electric Co., Small Integral Mo- 
4 pe. Ft. Wayne, Ind. 


General Electric Co., Hermetic Motor 
ey 570 E. 16th St., Holland, Mich. 


General Electric Co., Small AC Motor & 
+ ee Dept., Schenectady, N. Y. 
A, 


ueneral Motors Corp., Delco Products 
Ns 329 E. First St., Dayton 1, Ohio 


Pesco Products Div., arner Corp., 
wy N. Miles Rd., eeod Ol Ohio 


Reliance Electric & Engineeri vag 24701 


_ Ave., Cleveland 17, 


A. O. Smith Corp., 531 N. Fourth St. 
Tipp City, Ohio 


(See Ad, Pages 218 and 219) 


A. O. Smith Corp., Motor Div., 3533 N. 
~7 St., Milwaukee 1, Wis. 


A, 
(See Ad, Pages 218 and 219) 
Wagner Electric Corp., 6400 Plymouth 
Ave., St. Louis 33, b 


Westinghouse Eletcric Corp., Motor & 
mn Buffalo, N. Y. 


Woodworking and 
Machine-Tool Applications 
(Shell-Type) 


Allis-Chalmers Mfg. Co., 1126 S. 70th St., 
vous, Wis. 


Louis Allis Co., 427 E. Stewart St., Mil- 
waukee 1, Wis. 


Brook Motor Cup 3302-04 W. Peterson 
rs Chicago ll 


Brown-Brockmeyer Co. Inc., P. O. Box 
re 1, Ohio 


1961 Edition 








SOURCES of your purchased components must help to promote market 
acceptance of your products by providing the required quality at the 
right price. 

When it comes to electric motors in special designs, din can meet 


ALL of your manufacturing and buying needs by specifying DOERR 
MOTORS! Doerr’s broad experience with thousands of “specials” will 
point the way to practical designs that fit every need at lowest cost. 


Here’s how you benefit: 
: 1 READY AVAILABILITY 


Increased Doerr saeteatinn, facilities 
for fast service on 5s; and standard 
motors. Nation-wide field service. 


2 REALISTIC PRICES 


On special modifications. 


3 QUALITY-BUILT 


Doerr quality construction assures fall 
of your products—compact 
Doerr styling adds to appearance. 


4 SMALL- LOT ORDERS 


Doerr always gives you complete and 
willing cooperation—on any quantity ! 


5 STANDARD MOTORS 


Also ae raiaene of fractional and 


integral are listed in the 
Doerr og your inventory is 


low, Doerr can aie short shipments 
on small orders. 

WRITE FOR THIS 14-PAGE CONDENSED 
CATALOG AND ee ena ‘IDEA BOOK’ 


tei problems A sive dimension and pce dete 


Gal ven saa « 








TYPICAL DOERR 
MOTOR DESIGN 
Rete ee ees 

the totally enclosed, non-ventilated 
type is typical of the Doer line. 













92 | N. FOURTH AVENUE e CEDARBURG, WISCONSIN 
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PRODUCT DIRECTORY 


FOR REMOTE 
PUMPING OF LIQUIDS 


SPECIFY 








Ye through 
125 H.P. 


PUMPS POWERED BY 


FRANKLIN 


SUBMERSIBLE MOTORS 


For: Water, Gasoline, Aviation Fuels, 
Aqueous Liquids, and Other Liquids 


Franklin hermetically sealed sub- 
mersible motors are a happy solution 
te -reduct design problems age 
s*.’' g, vacuum, temperature, an 
immersion of pump motor units for 
liquid transfer and processing. 

Your tests will show advantages in 
Pui being efficiency, and economy. 

uid being pumped normally cools 

lubricates the motor. Windings 

- hermetically sealed. Thrust bear- 

ings have a capacity far in excess of 

normal loads. Three-wire lead motor 

permits placing controls in easily ac- 
cessible above-ground box. 

Constios this a Sa nage mass- 
produ special-application motors 
can help you build a better product 
— economically! See other ranklin 
motors in Sections 1 and 2. Write for 
free catalog: . 


Franklin 
Electric Co., Inc. 


BLUFFTON, INDIANA 


Circle E-39 on Page 149 
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Century Electric Co., 1806 Pine St., St. 


Louis 66, Mo. 
(See Ad, Page 213) 
Doerr Electric Corp., 510 N. Fourth St., 
Cedarburg, Wis. 
A, B 
(See Ad, Page 215) 
Elliott Co., Div. of Carrier Corp., Jean- 


nette, Pa 


EMD Semnpanents Inc., 1410 E. 289th St., 
ir 


The Emerson Electric Mfg. Co., 8100 
ene Ave., St. Louis 36, Mo. 


Fairbanks, Morse & Co., 303 N. Hender- 
son, Freeport, Il 


Franklin Electric Co. Inc., 400 E. Spring 
St., Bluffton, Ind. 


(See Ad, Page 216) 


General Electric Co., General Purpose Mo- 
or Pert. Ft. Wayne, Ind. 


General Electric Co., Small Integral Mo- 
o pe. Ft. Wayne, Ind 





General 
Dept., 
A, B 


Electric Co., Specialty Motor 
ss Wayne, Ind r 


General Electric Co., Small AC Motor & 
er Dept., Schenectady, N. Y. 


Howell Electric Motors Co., 409 N. Roose- 
- Howell, Mich. 


am Electric Co., Akron 9, Ohio 


he & Heintz, Div. of The on apa 
17627 Broadway, Cleveland, O 


Lima Electric Motor Co., 4886 Findlay 
Lima, Ohio 


Peerless Electric Co., 
ew: Ohio 
A, B, 
P ie Corp., 261 Ri S 
‘Haverhill, Mass. oR i ae 


1401 W. Market St., 


mB Electric & Engineering Co., 24701 
Euclid ¢ Cleveland 17, Ohic 


Small Motors Inc., 2076 Elston Ave., Chi- 


cago 14, Il 


A. O. Smith Corp., 531 N. Fourth St. 
Jive City, Ohio 


(See Ad, Pages 218 and 219) 


Smith Corp., Motor Div., 3533 N. 
‘ste St., Milwaukee 1, Wis. 


M (See Ad, Pages 218 and 219) 


Standard Electric Div., Standard Dayton 
we Ys Box 1001, Dayton, Ohio 


Universal Electric Co., Owosso, Mich 
A, B,C, D 


Western Design, Div. of U. S. Industries 
~ Santa Barbara Airport, Galeta, 
if. 


A, B, C 
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Westinghouse Electric Corp., Motor 
is Buffalo, N. Y. 






The Whitnon Mfg. Co., Route 6 & New: 
Britain Ave., Farmington, Conn. 


, 






Universal Motor 
(Ac-Dc) Parts 






— Co., 1300 17th St., Racine, Wis, ~ 


Ford Electronics Cre, aad Vose St, 
ae Hollywood, 


General Controls Co., Industrial Div., 801 
— Ave., Glendale 1, Calif. 


General Electric Co., Specialty Motor 
Dept., Ft. Wayne, Ind. 


Paul E. Gerst & Co. Inc., 4868 N. Clark 
> Chicago 40, Ill. 


Benge Industries Inc., Racine, Wis. 


Lamb Electric Co., Div. of American Me- 
chine & Metals Inc., Lake St., Kent,” 


(See Ad, Page 217) 


Mamco Corp., 542 Fourth St. Racine,” 
oe 






Martronics Inc., 82 Sanford St., Hamden 


14, Conn. 
(See Ad, Page 220) 
as a Molding & Mfg. Co., Gurnee, TL 
(See Ad, Page 214) 


Motor Specialty Co., 2801 17 Lathrop | 
ae Racine, Wis. 









Heinz Mueller Engineering Co., 4725 W. : 
_ St., Chicago 51, Ill. 


(See Ad, Page 220) 
= Motor Corp., Box 518, McHenry, Il. 






Reeves Hoffman Div., Cherry & North 


Sts., Carlisle, Pa. 
D 


Robbins & Myers Inc., 1345 Lagonda Ave. Fi 
ingfield, Ohio te 
abso 
(See Ad, Page 211) sare 
Small Motors Inc., 2076 Elston Ave., Chi- with 
cago 14, Il men: 
ii EI & 22-14 40th A a 

ator Electric re ve., 

Long Island 1, mak 
D If yc 
Toledo Commutator Co., 1101 S. Chest- expe 
nut St., Owosso, Mich. year: 
D ‘ 
Universal Electric Co., Owosso, Mich. , oom 
D Pers 


Wincharger Corp., E. Seventh & Division 
Sioux City 2, lowa 














One Lamb FHP motor...up to LOO,OOO carbon 
opies mass-produced to exacting specifications 


Fiom a prototype . . . hundreds OR thousands of motors with 
absolute uniformity. Each and every motor produced has the 
same, discriminating, ‘built-in’ perfection that you can expect 
with Lamb”® manufacturing. This precise mechanical and di- 
mensional uniformity of motor as an integral component for 
yO.1r powered product is extremely important... and Lamb 
Makes sure you get it! 


If you have a special motor problem . . . here’s what you can 
expect from Lamb! /nto the design of a Lamb motor goes 
years of experience in powering components for aircraft, 
domestic and industrial products. Out of the design comes a 
personalized motor that’s dependable, smooth and efficient. 


Cost-wise you’re way ahead, because Lamb Motors are 
mass-produced at the most favorable cost. 


Write today for descriptive folder. Or ask to have a District 
engineer call and set up a personalized “Motor Conference”. 


LAMB ELECTRIC 


A A DIV. OF AMETEK, INC. 
AMETEK KENT, OHIO 
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BLOWER MOTORS 


Sleeper! Cradle-mounted in resilient rub- 
ber for extra-quiet, vibration-free opera 
tion. Low starting torque prevents belt 
slippage and starting noise. It’s a ball 
bearing motor that runs as quietiy as 4 
sleeve bearing type. Magnetic noises are 
reduced to an absolute minimum by 
special machining and assembly proces: 
ses... air noise is practically eliminated 
by unique ventilation design. And forthe 
ultimate in space savings, investigate 
the A. O. Smith Inside-Out permanent 
split-capacitor blower motor. No switch: 
es, relays, pulleys — a proven direct 
drive motor. 








INTEGRALS 


The workhorse of the A. O. Smith line. 
These open motors provide that extra 
amount of moisture protection. And you 
get quiet operation for critical noise 
areas along with a power reserve that 
pulls across adverse operating condi- 
tions. Rotors are pressure cast in one 
operation to provide an indestructible 
construction. Rotor and shaft assembly 
are dynamically baianced to minimize 
vibration, On models up through five hp 
single-phase, the capacitor is mounted 
inside the motor housing for space-sav- 
ing installation, maximum protection 
and streamline appearance, 


HERMETICS 


Atrue thoroughbred! Rotor-stator assem- 
blies are designed specifically for sealed 
compressors... quality-built to provide 
a reliable source of power for refrigera- 
tion or air conditioning, year-in and year- 
out. They’re custom-built and dynami- 
cally-balanced for years of dependable, 
quiet, vibrationless service. What's more, 
each motor is manufactured under the 
strictest quality contro} . . . assembled 
and tested under controlled atmospheric 
conditions, ever-free of dirt and dust. 
Application-engineered in single-phase 
and polyphase, 34 to 100 hp. 











PRECISION 

MINIATURE 
AC of DC... compact, high-performance motors to meet your 
particular requirements. U in a wide range of applications, in- 


cluding precision tape recorders for earth satellites. Motors by Mar- 
tronics mean quality, reliability and service. Write for Bulletin 125. 


Professional engineering and precision manufacturing teamed to- 
gether to serve you. 


A: —Mh INCORPORATED 
ry 7 headquarters for 
MARTRONICS, INCORPORATED, 82 SANFORD STREET, HAMDEN 14, CONN. 
Circle E-42 on Page 149 








J PRECISION J PRICE Y¥ PERFORMANCE 


FOR SMALL PRODUCTION RUNS 


of all types of motors Heinz Mueller 


is your most dependable source 


For limited quantites of Take advantage of the en- 
cial motors, Heinz Mu gineering and — 
offers unexcelled facilities. ence for which Heinz Muel- 
Whether you need compre- ler has become famous. It 
hensive, original engineer- is pe rane service to help 
ing or devoted attention to ~ peal oe prob- 
zeus own design, Heinz lems. W ? the — for 
eller production guaran- our copy o cata- 
tees you craftsmanship and So: 
quality at modest cost. production. 
(: Meters Cool conning. 
quiet operating motors in 
especially compact designs F 
where space requirements 
are rigid. 
Capacitor Type Motors For 
a to 220 Volts. Can be 
lied with terminal studs 
or eads, as specified Ball 
bearing or sleeve bearing, 
commercial or military ap- 
plications. 


. 


DC Dynameotor Especially designed 
for high altitude aircraft opera- 
tion re service is critical. 


Circle E-43 on Page 149 








, WP l/s Hp 1/250 Hp 


1/10 4p 


1/4 Hp 1/209 HP 


Shaded Pole and Split Capacitor Models 
Two, four and six poles... 
Cne, two and three speeds. 
Custom Design . . . Precision Manufacture 


Recently expanded and improved production methods 


assure lowest possible prices. 
Wire, write or phone for full details, 














Private Eye 
Mike MeGurk 


Replaces 
Purloined 
Tome 


“Five fifteen: Client reported loss of copy of 
MACHINE DESIGN’s great new Handbook 
on ELECTRIC MOTORS. Eight thirty 
a.m.: checked client’s office; every one a sus- 
pect. No time to recover snatched book. Nine 
a.m.: borrowed companion copy, secured ad- 
dress of READER SERVICE, Machine De- 
sign, and sent two bucks to Cleveland. Two 
days later received copy of ELECTRIC MO- 
TORS book; turned it over to client. Billed 
him oe fee and expenses. (Good re- 
turn on two-buck investment). 


A PENTON PUBLICATION, CLEVELAND 13, OHIO 
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SECTION 








PRODUCT DIRECTORY 

















Special Motors and 
Motor Thermal Protectors 











M OTORS included in this section have special features, electrical and/or 

mechanical, that are not available with standard general-purpose, and 
definite-purpose motors. These motors range in size from the miniature servo- 
motor to large industrial drive motors. 

Mechanically special motors are gearmotors, brake, and clutch motors. 
These motors often have standard electrical characteristics, but are built ‘with 
integral brakes, clutch mechanisms, or speed reducers. 

Torque motors are an example of an electrically special motor. Designed 
with special electrical characteristics, they are capable of prolonged operation 
at stall conditions. 

a Instrument, servo, timing and stepping motors are primarily subfrac- 
tional precision units with special mechancal and electrcal features. These 
motors are used for capstans, chart and pen drives, servo systems, etc. 

Also included in this section are the various motor thermal-protection 
devices available. These include both external thermal-overload relays and 
the inherent line-break and thermal sensing devices. 


‘ Geser Pg ny Co., 


Gearmotors 


Gearmotors are parallel or right-angle 
gearboxes combined with integral or 
flange-mounted motors. The motor and 
gears are often incorporated in a unified 
housing and mounting base. 

The main advantage of gearmotors is 
that the driving shaft may be coupled 
directly to the driven shaft, thus elimi- 
nating external gearing, belts, pulleys, 
chains and countershafts. 

Gearmotors in this section are categor- 
ized according to electrical input. Entries 
in each category have a two-unit code 
consisting of letters and numerals. The 
letters indicate horsepower size: 

A. Fractional horsepower. 

B. Integral horsepower. 

The numbers indicate the output speed 
ranges available: 

1, Under 1 rpm 

2. 1 to 10 rpm. 

3. 10 to 100 rpm. 
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4. 100 to 1,000 rpm. 
5. 1,000 to 10,000 rpm. 
6. Above 10,000 rpm. 


Ac Single-Phase 


Air Marine Motors Inc., 369 Bayview 
ian L..L, N. Y. 


A2, 

Airborne Accessories Corp., 1414 Chestnut 
Ave., Hillside 5, N. J. 

3, 4, 5; B2, 3, 4,5 
g. Co. ‘Lake Park Blvd., Al- 


Louis Allis Co., 427 E. Stewart St., Mil- 
hwy l, Wis. 
3, 4, 5, 6 
Pen* 3, ectronics Inc., Electro Me- 
chanical om 1596 E. Ross Ave., Fuller- 


rh 

3, 45, 4 

"Electri Foods Inc., 32-02 
“Quen Bh ee ‘Queens, ie 


Barber-Co hy ~ =e Boer Div., 
1300 Rock St Rockford rd, Ill. 


Al, 2, 3, 4,5 
odine Electric Co., 2500 Bradley Place, 


Chicago 18, Ill 
A 3, 4 


R. A. Boehm Co., 58 Brooklyn Ave., 
ey N. Y. 
— 3, 4 
Instruments, Div. of aptanel- Borg 
a eet Corp., 902 Wisconsin St., 
Delavan, Wis. 


Al, 2 
Brevel Products Corp. 601 W. 26th St. 
New i 1, N. 


Al, 
Bacti ae Div., Vocaline Co. of 
America Inc., 108 Coulter St., * old Say- 


brook, Conn 
Al, 2, 3, 4; BI, 2, 3, 4 
(See Ad, Page 236) 


Brown-Brockmeyer Co. Inc., P. O. Box 
989, ow 1, Ohio 


> , B3, 
Cabral Motors Inc., Dalmotor Div., 51 
Victory Lane, Los Gatos, Calif. 
Al, 2, 3, 4 
(See Ad, Page 227) 


1806 Pine St., St. 


AL 2, ° ;; BI, 2, 3, 
De Laval Ho aa Co. Inc. 4h First Ave., 
Trenton 7, N. J. 


5 
Doerr Electric Corp., 510 N. Fourth St., 


"Garba Wis is. 


Eastern Air iivices Inc., 385 Central 
Ave., Dover, N. H. 
Al, 2. 3,4 

Eicor Div., Indiana General Corp., 5i7 
y+ Walnut, Oglesby, Il 


Electra Motors Inc., 1110 N. Lemon St., 
Anaheim, Calif. 
A2, 3, 4; B3, 4 
Electro Counter & Motor Co., 2717 N. 
aes a Ave., Chicago 14, ill. 
— ER Co., 1000 E. Bound- 
Ave., York, Pa. 


Ford Electronics s 
North Holl te 
A2, 3, 


§, 
Franklin Electric Co. Inc., 400 E. Spring 
St., Bluffton, Ind. 


A3 
General Electric Co., Gear Motor & Trans- 
mission Components Dept., 845 E. 25th 
St., Paterson, N. J. 
(See Ad, Page 255) 


The General Industries Co., Olive & Tay- 
lor Sts., Elyria, Ohio 


Genisco rig 2233 Federal Ave., Los 
Anewes Of $ ‘Calif. 

Giobe Industries Inc, P. O. Box 10I, 
North Dayton Station, Dayton 4, Ohio 
Al, 2, 3, 4,5 


(See Ad, Page 259) 


Hansen Mig. Co. Inc., 1934 Virgil Blvd., 
Princeton 10, Ind. 
Al, 2, 3, jm 'BI, 2, 3, 4 


(See Ad, Page 251) 


Heinze Electric Co., Div. of Consolidated 
Electric Lamp, 685 Lawrence St., Lo- 
well, Mass. 

Al, 2,3 
Hoover Electric Co., a0 S. Stoner Ave., 


ie es 25, Cal 
4°45, 6: Bl, mth gt 
Industries Inc., i cine, 
award Industri 3 
Howell Electric Motors Co., 409 N. Roose- 
a ean 
H ro-Aire Co., Div. of Crane Co., 3000 
inona Ave., urbank, Calif. 


Al, 2, 3, 4, 5, 6 


11747 Vose St., 
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IMC ics Corp., Eastern Div., 570 
Main St., en N. Y. 


The Co., 

392 N. Main St. Bristol, Conn. 
Al, 2, 3 

ne & Heintz, Div. of The 

17627 . we Cleveland, Ohio 


Corp., 


A3, 4; 
(See Ad, Page 243) 
eo a Holtzer yo Corp., 125 
t., Boston 19, Mass. 


Al, Ae 34 Bh 3S 46) 


Kollsman hel Corp., Mill A Dublin, 


Pa. 
Ad, 5 
(See Ad, Page 256) 
Lamb Electric Co., Div. > ye og 
chine & Metals Inc., Lake St, 


Lear Inc., Electro-Mechanical Div., » 


Ionia Ave. N. W., Grand Rapids 
Mich. 
A3 

Lear Inc., Lear-Romec Div., 241 Abbe 


Rd., Elyria, Ohio 
AS 


Martronics Inc., 82 Sanford St., Hamden 
14, Conn. 
Al, 2,3,4,5 

Merkle-Korff on On. 213 N. Morgan 
a xv 7, 


(See Ad, Page 254) 
Molon Motor & Coil Corp., 3737 Indus- 
me xe Rolling Meadows, Ill. 
The Motoresearch Mfg. ae 1600 Junc- 
tion —_ Racine, 
Al, 2,3, 4 
(See Ad, Page 260) 
Heinz Mueller Enginesin Cae 4725 W. 
lowa ri es 
A2, 3, 4, 
Ph tad Electric Co., 1750 N. Spring- 
_ Ave., Chicago, Ill. 


Reliance Electric & Engineering Co., 24701 
Euclid Ave, Cleveland 17, Ohio 
(See Ad, ‘poms Dag and 247) 

Reliance Instrument Fs Electro-Mech 


ee Subsidiary f American Chain 
ble, 500 Livingston St., Norwood, 
Ai. I, 3 


Robertshaw-Fulton Controls Co., Acro 
Div., 2040 E. Main St., Columbus 16, 
Ohio 
Al, 2, 3 

ay ty Mg ag iat, as Fifth 


Al. 33456" 6 , 
Sangamo Mocs Cr llth & N. Grand 


Ar; 3 eres 


(See Ad, a 223) 

Schaevitz eT F . O. Box 505, 
Camden | P 
Al, 2,3, 4 5, 6) 

Small Motors Inc., 2076 Elston Ave., Chi- 
cago 14, til. 
A 

Speedway Mfg. Co., Subsidiary Thor os 
er Tool Co., jai Barnsdale Rd., 
Grange Park, I 
Al, 2,3, 4 


Standard Electric Div., Standard Dayton 
oi Box 1001, Dayton, Ohio 


Standard Electric Mfg. Co., Hoddon Ave., 
aes Berlin, N. J. 
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ing El Motors ne. aol 
ca Instruments Inc., 540 


Peo. dott Ca, #0 Lnnet Ses 

tol, Conn. 

Al, 2,3 

The Tall be way & Conejo 

sae 

Al, 23 4 3, 4,5 

bay hte z to 12210 Nebraska 
ve., Los Angeles 25, Calif. 

ALD 3456 

U. S. Electrical Motors Inc., 200 E. Slau- 

son Ave., Los Angeles 54, Calif. 

ane 6400 Pl th 

ectric ymou 
“Age Lot 9, Bl, 


Western Design, Div. of U. S. Industries 
ie Santa Barbara Airport, Galeta, 


AL. 23,4. 5,6 Bl, 2, 3, 4, 5, 6 


Western Electro Products 
ee 199° W W. baat St., Pasadena 1, 


A 6; 
2845 id ‘Page 241) 


diieiaue sg Loans Motor & 
54 Buffalo, N. Y. 


Ac Polyphase 


Air Marine | Inc., 369 Bayview Ave., 
yet L. L, N. Y. 


Airborne Accessories Corp., 1414 Chest- 
nut Ave., Hillside 5, N. J. 
A2, 3, 4, 5; B2, 3, 4,5 

Allis-Chalmers Mfg. Co., 1126 S. 70th 
St., Milwaukee, Wis. 
B2, 3, 4 

Lats Se Oy °c ihe alheanmaryiege dec 
waukee |, 
AS, 4; B2, Ay 4, Ss, 6 

American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Ful- 


Ashland Electric Preducts Inc., 32-02 
eee 
(See Ad, Page 248) 
Bodine Elects ‘on 2500 Bradley Place, 
Chicago 1 
Al, 2, 3, > 

Bowmar Instrument Corp., 800 Biuffton 
“ Ft. Wayne, Ind. 


(See Ad, Page 260) 
Brown-B Co. Inc, P. O. Box 
989, Dayton 1, Ohio 
AS, 4; 4 
Cabra! Motors Inc., Dalmotor Div., 51 
Victory Ye Los Gatos, Calif. 
Al, 2,3, 4 
Century ay Co., 1806 Pine St., St. 


Al, M3345 Bl, 2, 3,4, 5 
ao ae Inc., Transcoil Div., Worcester, 


A3, 4,5 
De Laval Holroyd Co. Inc., 121 First Ave., 
Hea 7, N. J. 
2,3,4,5 
Peon Elect. ic kee 510 N. Fourth St., 
Cedarbu 
i234 B2, 3, 4 
Eastern Air Devices Inc., 385 Central 


Ave., eo 
Al, 2, 3,4 


Eicor Div., Indiana Genes Corp., 517 
} 4 Walnut, Oglesby, II 
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Fidelity Instrument, Co, 1000 E. Bound) 


ew ae 
General Dynamics/Electro Dynamic, 163 
“Fremee A, Bayonne, N. J 
General Electric Co., Gear Motor & Trans- 


mission Components Dept., 845 E. 25th 
St. Paterson, NI 


Hee Nendo “¢ ae Products 
oN, E. First Dayton 1, Ohio 

Geplecn lat. ie ay Federal Ave., Los 
eae: Inc. P. O. Box 101, 
No 


ae n Station, Dayton 4, Ohio 


Al, 2, 
Ad, Page 259) 
Harowe Servo Controls Inc., Westtown 
Rd. at West Chester Pike, West Chester, 


Pa. 
Al, 2, 3, 4 
Hoover Electric Co., 2100 S. Stoner Ave. 


Tos Angeles 25, Calif. 
Ai 4's, 6; BL, 2,3,45,6 


w.. whinge Div. of Crane Co., 3000 
inona Ave., Burbank, Calif. 


IMC. ics Corp., Eastern Div., 570 
Main St., Westbury, N. Y. 
Al, 2, 3,4,5 
(See Ad, Page 261) 
jee & Heintz, Div. of The Siegler Corp., 
17627 Broadway, Cleveland, Ohio 


(See Ad, Page 243) 
Janette — eo Hehe, A nad Corp., 125 
Al, ae 8a Bs, 


een Motor Corp., i, Ai Dublin, 


a. 
A4, 5 
(See Ad, Page 256) 
Lamb Electric Co., Div. of American Ma- 
chine & & Metals Inc., Lake St., Kent, 
Ohio 
A2, 3, 4,5 


Lear Inc., Lear-Romec Div., 


x. > Eta, Ohio 


Lise Bostic ad Co., 4886 Findlay 
“EL ge om 


Martronics Inc., 82 Sanford St., Hamden 


14, Conn. 
Al, 2, 3, 4,5 


7 Mo Chi 51 
wa ot., cago , 
A2, 3, 4,5 


241 Abbe 


Co., 4725 W. 


Pesco Products Div., Borg-Warner Corp. 
24700 N. Miles Rd., Bedford, Ohio 
Ad, 5; BS 
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NOW... Solve your APPLICATION tale 
DELIVERY problems by specifying 


VW Nrey-Vi (OM old-Tell-jlelaM \ileliele= 


MANUFACTURER OF SERVO MOTORS FOR 20 YEARS 


INDUCTION 
MOTOR GENERATORS 


Single frame, single shaft combination saves weight, space and 
cost. Assures positive alignment and eliminates backlash. Avail- 
able with integral gear train in wide variety of ratios and with rear 
shaft extension. Frame sizes 8 through 25. 





INDUCTION GENERATORS 


Two phase unit with drag cup rotor. 
With one phase excited, output voitage 
is proportional to speed of shaft and 
at same frequency as supply. Internal 
compensation can be provided. 





DRAG CUP MOTORS 


High torque/low inertia units for servo motor applications 


INDUCTION MOTORS 


Two phase, squirrel cage AC units 
with output up to 1/100 hp. Fea- 
tures high torque to inertia ratio, 
high damping and tow starting 
voltages. Integral gear trains can 
be supplied. Available with leads 
or terminals. 


having very low starting voltages and requiring smooth opera- 
tion at low speeds. Has linear relationship of stall torque to 


Control voltage. No cogging. 


Bulletins and Specifications on request... 








Circle E-45 on Page 149 










SYNCHROS 


Two basic types: self-synchro- 
nous transmitter and receiver 
units, and round rotor signal 
contro! units designed as dif- 
ferentials, resolvers, control 
transformers and phase shifters. 
Available in frame sizes 25 to 
11 and for both 60 and 400 cps. 



































PERMANENT MAGNET GENERATORS 


Three, two or single phase output signals with 
extremely low harmonics. Completely free of 
zero speed voltage. Output voltage amplitude 
and frequency are proportional to speed. 
Principal applications are signal sources and 
aircraft tachometer generators. 












SYNCHRO- 
NOUS 
MOTORS 


Hysteresis types for 60 or 400 cycle applications in frame sizes 
25 to 8, plus various special designs. Provides higher efficiency 
and hunt-free synchronous rotation. 


ROTARY POWER SUPPLIES 


Sangamo produces and markets an 
extensive line of rotary power sup- 
plies including dynamotors, rotary 
converters, generators, motor gen- 
erators, and special DC motors. 





PRECISION MOTORS 





SANGAMO ELECTRIC COMPANY 


TELEPHONE 544-6411 SPRINGFIELD, 
AREA CODE 217 ILLINOIS 















PRODUCT DIRECTORY 


DC-8-MOTORS 


y 


o 


500 HOUR LIFE GUARANTEE* 


Due largely to improved brush design, CPPC size 
8 DC motors qualify to catalogue specification after 
500 + hours of continuous duty or 200,000 cycles 
of intermittent duty in controlled environments. 


PRECISION CONSTRUCTION 


Featuring a 12-bar commutator ('4" dia.), stain- 
less steel ball bearings, and corrosion resistant 
materials, the DC-8 family of motors is designed 
for miniature instrument systems. Weight 40 gms., 
Length 1.380” max., dia., .750”. 


OUTSTANDING EFFICIENCY 
The typical performance curves (below) exhibit a 
linear torque-speed characteristic. The efficiency— 
up to 60% at .25 in. oz. torque—considerably sur- 
passes that of other types of Servomotors, 


*without overhaul 





For full information, write or call: Sales Dept., 5050 
¢ ¢° State Road, Drexe! Hill, Pa., MAdison 2-1000, 
TWX Lnsdwn, Pa., 1122(U), or our Representatives. 


CLIFTON PRECISION PRODUCTS CoO., INC. 


clLIirFtTronN HEIGHT 5S, PA. 
shitebinae  doie a pioneer in the rotary components field. Write David D. Brown, Director of Personnel. 
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Reliance Electric & Engineering Co., 24701 

Euclid Ave. "Cleveland 17, Ohio 
A2, 3, 4, 5; B2, 3, 4,5 
(See Ad, oy 246 and 247) 


Electric Co., 3001 W. Mission 
Rd., Alhambra, Calif. 
A2, 3, 4; B2, 3, 4 


Rotating Components Inc., 
Ave., Bay Shore, L. L, N. 
, 2, 3, 4, 5, 6 
came Electric o 
a> ——— 5 
her Ad, Page 223) 
Schaevitz eogenating, P. O. Box 505, 
Camden 1, : 


Standard Electric Div., Standard Dayton 
Corp., Box 1001, DP ayton, Ohio 
AS, 4; B4 


1560 Fifth 
Y. 


llth & N. Grand 


Standard Electric Mfg. Co., Hoddon Ave., 
West Berlin, N. J. 
Ad; B4 


Sterling Electric Motors Inc., nc, al 
i Piethawa Instruments Inc. 
Tee rope Rd, “ Angeles 22, 


The — 2 sl 101 Highway & Conejo 

“y Newbury Park, rua 
Al, 2, 3, 4, 5; Bl, 2, 3, 4,5 

U. Ss. Electrical Motors Inc., 200 E. Slau- 
son Ave., Los 0 54, if. 
A2, 3, 4; B2, 3, 4, 5, 

Wagner Electric Cor. 6400 Plymouth 
om, 5 Louis 33, Mo 

Western Design, Div. of U. S. Industries 
Inc., Santa Barbara Airport, Galeta, 


Calif. 

Al, 2, 3, 4, 5, 6; BI, 2, 3, 4, 5,6 

Western Gear Corp., Electro Products 
we 132 W. Colorado St., Pasadena 
, Calif. 

Al, 2, 3, 4, 5, 6 BA, 5 
(See Ad, Page 241) 
Westinghouse ag 4 Corp., Motor & 

Gearing, Buffalo, N. Y. 


Direct Current 

Airborne Accessories Loe 1414 Chestnut 
Ave., Hillside 5, 
A2, 3, 4, 5; Bo, 4, 4 

Allis-Chalmers Mfg. Co., 1126 S. 70th St., 


Milwaukee, Wis. 
B3, 4 
Louis Allis Co., 427 E. Stewart St., Mil- 


waukee 1, Wis. 

American Bosch A Arma Co Commercial 
Sales Div., 3664 Main Be, Springfield 
.. 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Ful- 
lerton, Calif. 

Al, 2,3, 4,5 

Barber-Colman Co., Small Motor Div., 
1300 Rock a Rockford, Ill 
Al, 2, 3, 4, 5, 6 

The Bendix Corp., Montrose Div., South 
Pa. 


Bodine sy o 2500 Bradley Place, 
Chicago oe 


R. a “mA Co., 58 Brooklyn Ave., Mer- 
AD re a" 
Bowmar Instrument Corp., 8000 Bluff- 
vy Rd., Ft. Wayne, Ind. 
(See Ad, Page 260) 
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Brown-Brockmeyer Co. Inc., P. O. Box 
989, Dayton 1, Ohio 
A3, 4; 4 


Cabral Motors Inc., Dalmotor Div., 51 
Victory Lane, 
Los “Ts Calif. 


"""" Gee Ad, Page 227) 
Carter Motor Co., 2711 W. George St., 
Chicago 18, Ill 


"" (Gee Ad, Page 260) 
Gamer Ss ery Co., 1806 Pine St., St. 
uls 
Al, 3 4% Bl, 2, 3, 4,5 
Eicor Div., Indiana General Corp., 517 W. 
Walnut, Oglesby, Ill. 


Electro Counter & Motor Co., 2717 N. 
Ashland Ave., Chicago 14, Ill. 


Al, 2, 3, 4 
Electronic Specialty Co., Eemco Div., 4612 
Ilvd., Los Angeles 16, 


pte Jefferson 


if. 
Al, 2, 3, 4, 5, 6; BI, 2, 3, 4, 5, 6 
Elliott Co., Div. of Carrier Corp., Jean- 
nette, Pa. 
Bl, 2, 3, 4 
Fidelity Instrument Co., 
Ave., York, Pa. 
BS, 3, 4 
Ford Electronics Corp., 11747 Vose St., 
North Hollywood, Calif. 
A2, 3, 4, 5, 6 
General Electric Co., Gear Motor & Trans- 
mission Components Dept., 845 E. 25th 
St., Paterson, N. J. 


4 

(See Ad, Page 255) 

General Motors Corp., Delco Appliance 
Div., 391 Lyell Ave., Rochester, N. Y. 
A2, 3, 4 


1000 E. Bound- 


Paul E. Gerst & Co. Inc., 4868 N. Clark 

st, Chicago 40, Ill. 
i ee ee 6; BI, 2, 3, 4, 5, 6 

Pen Industries Inc., P. O. Box 101, 
North ‘wea Station, Dayton 4, Ohio 
Al, 2, 3, 4,5 

(See Ad, Page 259) 

Hansen Mfg. ‘_ — 1934 Virgil Blvd., 


Ao se 10 
Al, 2, 3, 4, 5, es BI, 2, 3, 4, 5, 6 
* tee Ad, Page 251) 
The Ha 1 ge Co., 17 Brown 


a aterbury 20, Co 
1, 2, 3, 4, 5, 6; BI, 2.3, 4, 5, 6 
oud K. Heller Co., P. O. Box 4426, 
Las Vegas, Nev. 
Al, 2% 4 
Hoover Electric Co., 2100 S. Stoner Ave., 


Les hogiin Gl ac 
Howard Industries Inc., Racine, Wis. 
Al, 2, 3, 4, 5, 6 
Hydro-Aire Co., Div. of Com Co., 3000 
inona Ave., Burbank, Calif. 
Al, 2, 3, 4, 5, 6 
IMC ics Corp., ae Div., 570 
Main St., Westbury, N. Y. 
Al, 2, 3, 4,5 
(See Ad, Page 261) 
a a Holtzer ee Corp., 125 
St., Boston 19, 


AL 23, & Le 20) 


] EM beeen Corp., 743 Circle 
ave Forest Park, Ill. 


Bill Jack Scientific Instrument Co 
S. Cedros St., Solana Beach, Calif. 


Lamb Electric Co., Div. of American Ma- 
chine & Metals Inc., Lake St., Kent, 


Ohio 
A2, 3, 4,5 


Lear Inc., Electro- 
a Ave. N. 


cw 4; B4 
Lear Inc., Lear-Romec Div., 241 Abbe 
na. Elyria, Ohio 


Mechanical Div., 110 
W., Grand Rapids 2, 


Leece-Neville Co., 5109 Hamilton Ave., 
ee 14, Ohio 
Martonics Inc., 82 Sanford St., Hamden 
14, Conn. 
Al, 2, 3,4,5 
Merkle-Korff Gear Co., 213 N. Morgan 
St., Chi 7, Il. 
Al, 2, 34. 
(See Ad, Page 254) 


Heinz Mueller Engines. Co., 4725 W. 
rkye St., Chicago 5 


Poe hci Electric . 1750 N. Spring- 
field an Chicago, Ill 

Beaco Products Div., Borg-Warner Corp., 
24700 N. Miles Rad., Bedford, Ohio 
A4, 5; BS 

Rae Motor Corp., Box 518, McHenry, Ill. 
A2, 3, 4,5 


Reflectone Electronics Inc., Sniny of 
Universal Match Corp., W. Main St., 
Stamford, Conn. 

Al, 2,3,4,5 

Reliance Electric & Engineering Co., 24701 

i ae awe 17, Ohio 
See Ad, Pages and 247) 


PRD: Engines P. O. Box 505, 
Camden | ” 
Al, 2, 3, 4, 5, 6 


Servo Tek rreeeete Inc., 1086 Goffle 


Thor 


Speedway Mfg. . ha 


Power Tool Co., 1421 


The Tall oe 101 Highway & Co 

th a "Ps, 10) ig y nejo 
Al, 2045 A care 

Te Products - TR a Nebraska 

CWS: toe 

AL i) 3, 4, 5,6 

Western Design, Div. of U. S. Industries 
Inc., Santa Barbara Airport, Galeta, 


Calif. 

Al, 2, 3, 4, 5, 6; BI, 2, 3, 4, 5, 6 
Western a A Corp., Electro Products 
Fa elie . Colorado St., Pasadena 


Al, 3 
3 4 GA ee 241) 


Westinghouse Electric Corp., Motor & 
Gearing, Buffalo, N. Y. 
B2, 3, 4 


Ac-De (Universal) 


The Bendix Corp., Montrose Div., South 
rT eamaaaa Pa. 


Bodine Electric Co., 2500 Bradley Place, 
Chicago 18, Ill. 

Al, 2, 3, 4 

R. A. poe Co., 58 Brooklyn Ave., 
yy tal 


Cabral Motors a Dalmotor Div., 51 
Victory em te Gatos, Calif. 
Al, 2, 3,4 

Carter Motor Co., 2711 W. George St., 
Chicsee 5 18, il. 








PRODUCT DIRECTORY 


Electro Counter & Motor Co., 2717 N. 
eae) ve., Chicago 14, Il lll. 


a Special Co., pam Div., 4612 
Jefferson Blvd, Los Angeles 16, 


Calif 
Al, 2, 3, 4, 5, 6; BI, he 
Fidelity Instrument Co., 1 

or York, Pa 


Pes 5, Gus & Oe Inc., 4868 N. Clark 


AL 2 34 5 6 BL2S45.6 


Ooch Dayton Station, Dayton 4, Ohio 
Al, 2, 3, 
Ad, Page 


( 

Heinze Electric Co., Dis. of ~ 3 a 
Electric Lamp, 685 Lawrence St., Lowell, 
Mass. 

Al, 2, 3 
Hoover, E my Co., 2100 S. Stoner Ave., 


Al, ee ee 6; BI, 2 3, 4, 5,6 
Howard Industries Inc, Racine, Wis. 
Al, 2, 3, 4, 5, 6 
Hupp Electronics Co., Div. ‘of Hupp Corp., 
Circle Ave., Forest Park, 


E. Bound- 


A3 
os Div., Holtzer ~ Corp., 125 


ry St., Boston 19, M 
AL 23 & BL, 3,4 
(See lage 235) 


Lamb Electric Co., Div. of American Ma- 
chine & Metals Inc., Lake St., Kent, 
io 
A2, 3, 4,5 
ws Corp., 542 Fourth St., Racine, Wis. 


eae Inc., 82 Sanford St., Hamden 
nn 
Al, 2, 3, 4,5 

Merkle-Korff Gear Co., 213 N. Morgan 
vy awe 7, Il. 


” (See Ad, Page 254) 
Motor S$ ~_ a 2801 17 Lathrop 


Ave., Racine, W 
Al; Bl 


Heinz Mueller Enginering Co., 4725 W. 
Iowa St., Chicago 5 SI, ill. 
A2, 3, 4, 5, 6 

Rae Motor Corp., Box 518, McHenry, Ill. 
A2, 3, 4,5 

Schaevitz Engineering, P. O. Box 505, 
Camden | CNT 
Al, 2, 3, 4, 5,6 

Wincharger Corp., E. Seventh & Division 

oe ome City 2, Iowa 


Brake Motors 


Brake motors are a unitized combina- 
tion of a motor and an integrally mounted 
braking device. These motors are em- 
ployed where frequent starting or revers- 
ing service is required, such as in ma- 
chine-tool applications. 

The braking units are generally of the 
disc, band, shoe, eddy-current, or mag- 
netic type. Disc, band, and shoe brakes 
are spring-applied, electrically released, or 
electrically activated, spring-released. Eddy 
current and magnetic brakes are electri- 
cally activated and electrically released. 

Brake motors are categorized here ac- 
cording to electrical input. Entries in each 
category carry a letter code denoting 
horsepower range: 

A. Fractional. 

B. Integral. 
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AC Single-Phase 


Airborne hosmsertn Corp., 1414 Chestnut 
Aves Hillside 5, N. J. 


Alliance -~ Co., Lake Park Blvd., Al- 
es 

Louis Allis Nags E. Stewart St., Mil- 
ow  F 


American Electronics Inc., Electro-Me- 

chanical ve 1596 E. Ross Ave., Ful- 
Ashland Electric Products Inc., 

eens Blvd., Queens, L. L, N. Y. 


(See Ad, Page 248) 
Baldor Electric Co., Motor Div., 4353 
Duncan Ave., St. Louis, Mo. 


Barber-Colman Co., Small Motor Div., 
_ Rock St., Rockford, Iil. 


Bowmar Instrument Corp., 8000 Bluffton 
~ Ft. Wayne, Ind. 


(See Ad, Page 262) 
Brevel oe 601 W. 26th St. 
in York 1, N. Y. 


32-02 


Ts Co. Inc., P. O. Box 989, 
Dayton | Ohio 
A,B 

Cabral Motors Inc., Dalmotor Div., 51 
said Lane, Los Gatos, Calif. 


(See Ad, Page 227) 
Ci Mfg. Co., 205 Factory Rd., Addison, 
~ 
Century Electric Co., 
re 3 66, Mo. 


1806 Pine St., St. 


Doerr Electric Corp. 510 N. Fourth St., 
+ ee Wis. 


Eicor Div., Indiana General Corp., £17 W. 
ema Oglesby, Ill. 


Electra Motors Inc., 1110 N. Lemon St. 
— Calif. 


Electric Specialty Co., 211 South St., Stam- 


ford, Conn. 
B 


Electro Counter & Motor Co., 2717 N. 
a Ave., Chicago 14, Ill. 


Fairbanks, Morse & Co., 303 N. Hender- 
- Freeport, Ill. 

Ford Electronics Corp 1747 Vose St., 
— Hollywood, 


Franklin Electric Co. Inc., 400 E. Spring 
ee Bluffton, Ind. 


General Electric Co., General Purpose 
Motor Dept., Ft. Wayne, Ind. 
A 


(See Ad, Page 255) 


General Electric Co., Small Integral Motor 
a o Wayne, ind. 


Macuuve Desicn—Tue Execrric Motor Book 


General Electric Co., Small AC Motor & 
Generator Dept., Schenectady, N. Y. 


A,B 
(See Ad, Page 255) 
Globe Industries Inc., P. O. Box 101, North 
an en, Den «See 


(See Ad, Page 259) 
Holtzer Cabot Corp., 125 Amory St., Bos- 
ton 19, Mass. 


(See Ad, Page 235) 
Saseel Sapa Sen, Salen: 


Howell Electric Motors Co., 409 N. Roose- 
a Howell, Mich. 


Hurst Tool & Mfg. Co., RFD 46, Prince. 
a Ind. 
H Aire Co., Div. of Crane Co., 3000 
inona Ave., Burbank, Calif. 


IMC Magnetic Corp., Eastern Div., 570 
Main St., Westbury, N. Y. 


(See Ad, Page 261) 
Lear Inc., Electro-Mechanical Div., 110 
hoe Ave. N. W., Grand Rapids 2, 


A 
Lear Inc., Lear-Romec Div., 241 Abbe Rd. 
— Ohio 


Lundy Mfg. Corp., Robert Lane, Glen 
Head, N. Y. 


Martronics Inc., 82 Sanford St., Hamden 
~ Conn. 


Merkle-Korff Gear Co., 213 N. Morgan 
_ Chicago 7, Ill. 


(See Ad, Page 254) 
The Motoresearch Mfg. Co., 1600 Junction 
ait Racine, Wis. 


(See Ad, Page 260) 


Pesco Products Div., Borg-Warner Corp., 
_ N. Miles Rd., ‘ord, Ohio 

Reliance Electric ing Nnginceet Co, 
—_ Euclid Ave Cl int IT Ohio 


M See Ad, Pages 246 and 247) 


Rotating Components Inc., 1560 Fifth Ave., 
red re, L. L, N. Y. 


Schaevitz Engineering, P. O. Box 505, 
Camden 1, N. J. 


ag Mfg. Co., Subsidi Thor 
ower Tool Co, taal Rernaiale Rd., 
LaGrange Park, I 


Standard Electric Div., Standard Dayton 
7 Box 1001, Dayton, Ohio 


Stearns Electric Corp., 120 N. Broadway, 
a 2, Wis. 


(See Ad, Page 245) 
The Tall mg hee Highway & Conejo 
Ra, Newbury Park esi : 


Wagner Electric Corp., 6400 Plymouth 
oe St. Louis 33, Mo. 


Western Design, Div. of U. S. Industries 
ee ee Galeta, 


OB 




















ince- 


110 
is 2, 


Glen 


nden 


rgan 


ction 


mnejo 


outh 


eta, 





Western Gear Corp., Electro Products 
ts 132 W. Colorado St., Pasadena i, 
Ca 


(See Ad, Page 241) 
Westinghouse Electric Corp., Motor & 
Goan Buffalo, N. Y. 


Ac Polyphase 


Airborne Accessories So ae 1414 Chestnut 
Ave., Hillside 5, N. J. 
A, B 

Allis-Chalmers Mfg. Co., 1126 S. 70th St., 
—— Wis. 


Louis Allis Co., 427 E. Stewart St, Mil- 
waukee 1, Wis. 
A,B 

American Electronics Inc., Electro-Mechan- 
— 1596 E. Ross Ave., Fullerton, 


A 


Ashland Electric Products Inc., 3202 
_— Blvd., Queens, L. L, N. Y. 


(See Ad, Page 248) 
Baldor Electric Co., “g * \ oe 4353 
Duncan Ave., St. ‘Louis, M 
A,B 
Bowmar Instrument ees 8000 Bluffton 
_ Ft. Wayne, Ind 


(See Ad, Page 262) 
Brook Motor Corp., 3302-04 W. Peterson 
_. Chicago 45, Ill. 


Brown-Brockm Co. Inc., P. O. Box 989, 
Ss L Ohio 


Cabral Motors Inc., Dalmotor Div., 51 
* asad Lane, Los Gatos, Calif. 


(See Ad, Page 227) 
= Mfg. Co., 205 Factory Rd., Addison, 


A 

Century Electric Co., 1806 Pine St., St. 
Louis 66, Mo. 
A,B 

Continental Electric Co., 325 Ferry St. 
_— 5, N. J. 


Doerr Electric Corp., 510 N. Fourth St. 
Cedarburg, Wis. 


’ 


Eicor Div., Indiana General Corp., 517 
r- Walnut, Oglesby, Ill. 


Electra Motors Inc., 1110 N. Lemon St., 
os Calif. 


Electric Specialty Co., 211 South St. 
Stamf 


‘ord, Conn. 


Electronic Specialty Co., Eemco Div. 
16, Cal W. ——_ Blvd., Los Angeles 
A, B 


Elliott Co., Div. of Carrier Corp., Jean- 
—~ Pa. 


Fairbanks, Morse & Co., 303 N. Hender- 
= Freeport, Iil. 


Fidelity Instrument Co., 1000 E. Bound- 
i. Ave., York, Pa. 


General Dynamics/Electro Dynamic, 163 
_— A, Bayonne, N. J. 
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General Electric Co., General Purpose Mo- 
tor Degt, Ft. Wayne, ine 


(See Ad, Page 255) 
General Electric Co., Small Integral Mo- 
sar Eee Ate, RRA. 


(See Ad, Page 255) 
General Electric Co., Small AC Motor & 
Generator Dept., Schenectady, N. Y. 


A, B 
(See Ad, Page 04 
Gent Motors Comp., Delco Products 
, 329 E. Fi t., Dayton 1, Ohio 


Ciba Industries Inc., P. O. Box 101, North 
are Station, Dayton 4, Ohio 


(See Ad, Page 259) 
Harowe Servo Controls Inc., Westtown 
~ at West Chester Pike, West Chester, 
a. 


Holtzer Cabot Corp., 125 Amory St., Bos- 
iw 19, Mass. 
(See Ad, Page 235) 


Hoover Electric Co., 2100 S. Stoner Ave., 
Kee Angeles 25, Calif. 


ar Yes Industries Inc., Racine, Wis. 


Howell Electric Motors Co., 409 N. Roose- 
_ Howell, Mich. 


etic Co., Div. of Crane Co., 3000 
+ gpomen Ave., Burbank, Calif. 


IMC nantes Corp., Eastern Div., 570 
— t., Westbury, N. Y. 
(See Ad, Page 261) 
ae as Electric Co., Akron 9, Ohio 


Bill Jack Scientific Instrument Co., 143 
° Cedros St., Solana Beach, Calif. 


Lear Inc., Electro-Mechanical Div., 110 
— Ave. N. W., Grand Rapids 2, 


A,B 

Lear Inc., Lear-Romec Div., 241 Abbe Rd., 
ae Ohio 

Lima Electric Motor Co., 4886 Findlay 
ae. Lima, Ohio 

Lundy Mfg. Corp., Robert Lane, Glen 
Head, N. Y. 


Martronics Inc., 82 Sanford St., Hamden 
% Conn. 


Pesco Products Div., Borg-Warner Corp., 
ae N. Miles Rd., Bedford, Ohio 

Reliance Electric . Co., 
re) Euclid Ave., Cleveland 17, Ohio 


M cee Ad, Pages 246 and 247) 


Reuland Electric Co., 3001 W. Mission 
et Alhambra, Calif. 


naa. Compeenye ee - Fifth 
iis Bay Shore, L 


Safety Electrical Equipment yng 1187 
Bo Ave., New Haven, Conn. 


itz Engineering, P. O. Box 505, 
“Gemden I, Ne 
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for defense 


and industry... — 





FROM DESIGN THROUGH 
MANUFACTURE 


Cabral Motors specializes in producing 
custom motors and generators with a 
minimum of lead time. And the proce 
dure followed by Cabral insures the most 
reliable mctor possible. Here’s what 
happens after your order is received: 


(1) Your design requirements are immedi- 
ately assigned to a Cabral engineering 
development team. (2) Working drawings 
are prepared to exacting specifications. 
(3) Cabral’s integrated model shop builds 
working prototypes—minimizing lead 
time. (4) Thorough testing is conducted at 
each development stage—avoiding costly 
time-consuming late design changes. (5) 
Delivered motors and generators are of 
the best design, materials and manufac- 
ture— proven through Cabral’s quality 
control program. 





Write for general brochure and 
data sheets on representative 
types of AC and DC motors and 
* generators. 


CABRAL MOTORS, INC. 


AND DALMOTOR DIVISION 


51 VICTORY LANE « P. 0. BOX 728 
LOS GATOS, CALIFORNIA 


Circle E-47 on Page 149 
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PRODUCT DIRECTORY 


The Talley Corp., 101 way & Conejo 
Ra. N . Newbury Park, ae 

Transco Products Inc, 12210 Nebraska 
or Los Angeles 25, 25, Calif. 


A. O. Smith Corp., Motor Div., 3533 N. 
ye St., Milwaukee 1, Wis. 


Standard Electric Div. Standard Dayton 
} Box 1001, Dayton, Ohio 


U. S. Electrical Motors Inc., 200 E. Slau- 
— Los Angeles 54, Calif. 


Valley Electric Corp., 4221 Forest Park 
_— St. Louis 8, Mo. 


agner Electric Corp. 6400 Plymouth 
ans St. Louis 33, Mo. 


Western Design, Div. of U. S. Industries 
Inc., Santa Barbara Airport, Galeta, 
Calif. 

A,B 

Western Gear Corp., Electro Products 

~~ 132 W. Colorado St., Pasadena 1, 


A,B 
(See Ad, Page 248) 
Westinghouse Electric Corp., Motor & 
os Buffalo, N. Y. 


Direct Current 


Airborne Accessories Corp., 1414 Chestnut 
Ave., Hillside 5, N. J. 
A,B 

Allis-Chalmers Mfg. Co., 1126 S. 70th St., 
er Wis. 


American Electronics Inc., Electro-Mechan- 
— am 1596 E. Ross Ave., Fullerton, 
if. 


Baldor Electric Co., Motor Div., 4353 Dun- 
9 ee St. Louis, Mo. 


Barber-Colman Co., Small Motor Div., 
os Rock St., Rockford, Ill 


The Bendix Corp., Montrose Div., South 
are Pa. 


Cabral Motors Inc., Dalmotor Div., 51 
eat Lane, Los Gatos, Calif. 


(See Ad, Page 227) 
oe Mfg. Co., 205 Factory Rd., Addison, 


A 


Century Electric Co., 
Louis 66, Mo. 
A,B 


Continental Electric Co., 325 Ferry St., 
ran 5, N. J. 


1806 Pine St., St. 


Eicor Div., Indiana “ey Corp., 517 
ze Walnut, Oglesby, Ill. 


Electric Specialty Co., 211 South St., Stam- 


ford, Conn. 


Electro Counter & Motor Co., 2717 N. 
, ee Ave., Chicago 14, Ill. 


Electronic Specialty Co., Eemco Div., 


4612 W. Jefferson Blvd., Los Angeles 
16, Calif. 
A, B 
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Elliott Co., Div. of Carrier Corp., Jean- 


peme Pa. 

Fairbanks, Morse & Co., 303 N. Hender- 
o Freeport, Ill. 

Fidelity Instrument Co., 1000 E. Bound- 
ay Ave., York, Pa. 

Ford Electronics * soem Vose St. 


Neots Hollywood, 


Pole Controls Co., Industrial Div., 801 
_— Ave., Glendale 1, Calif. 


General Electric Co., Specialty Motor 
Ft. Wayne, Ind. 


(See Ad, Page 255) 
General Electric Co., Direct Current Mo- 
tor & Generator Dept., 3001 E. Lake 
~ Erie, Pa. 


(See Ad, Page 255) 
Globe Industries Inc. P. O. Box 101, 
— Dayton Station, Dayton 4, Ohio 
(See Ad, Page 259) 


Holtzer Cabot Corp., 125 Amory St., Bos- 
ton 19, 


(See Ad, Page 235) 
Hoover Electric Co., 2100 S. Stoner Ave., 
re es 25, Calif. 
—— Industries Inc., Racine, Wis. 


Hydro-Aire Co., Div. of Crane Co., 3000 
jyusee Ave., Burbank, Calif. 


IMC hg a7 Corp., ioe Div., 570 
a Westbury, N. Y. 


Imperial Electric Co., Akron 9, Ohio 


Inland Motor Corp. of Virginia, 347 King 
~ Northampton, 


Bill Jack Scientific Instrument Co., 143 
> Cedros St., Solana Beach, Calif. 


Lear Inc., Electro-Mechanical Div., 110 
Ionia Ave. N. W., Grand Rapids 2, 
— 


Lundy — - Robert Lane, Glen 


Head, 


Marathon Electric Mfg. Corp., Randolph 
. Cherry Sts., Wausau, Wis. 


Martronics Inc., 82 Sanford St., Hamden 


14, Conn 
A 


Merkle-Korff Gur Co., 213 N. Morgan 
Chicago 7 


(See Ad, Page 254) 


Pesco Products Div., Borg-Warner Corp., 
“" N. Miles Rd., Bedford, O} Ohio 


Bap Motor Corp., Box 518, McHenry, Ill. 


eames Electric & Engineering Co., 24701 
_— Ave., Cleveland 17, “Ohio 


"(See Ad, Pages 246 and 247) 


Safety - yo; Equi t GaP 1187 
Dixwell Ave., New Haven, Conn. 


Stearns Electric Corp., 120 N. Broadway, 
Milwaukee 2, Wis. , 


(See Ad, Page 245) 


MED Rew * nll 


Transco Products Inc., 12210 Nebraska 
ae Los Angeles 25, Calif. 


estern Design, Div. of U. S. Industries 
“ag Santa B Barbara Airport, Galeta, 


A,B 
Western Gear =, At Electro Products 
a  aaeed Colorado St., Pasadena 


A, B 
(See Ad, Page 241) 
Westinghouse =e ba Motor & 
Gearing, Buffalo, N. Y. 


Ac-Dc (Universal) 


The Bendix Corp., Montrose Div., South 
eee Pa. 


Cabral Motors Inc., Dalmotor Div., 51 
| ee Lane, Los Gatos, Calif. 


(See Ad, Page 227) 
Calco Mfg. Co., 205 Factory Rd., Addi- 
son, Ill. 
A 
Electro Counter & Motor Co., 2717 N. 
qumene Ave., Chicago 14, Til. 


Fairbanks, Morse & Co., 303 N. Hender- 
a Freeport, Ill. 


Globe Industries Inc. P. O. Box 101, 
— Dayton Station, Dayton 4, Ohio 


(See Ad, Page 259) 
Hoover Electric Co., 2100 S. Stoner Ave., 
ies foam 25, Calif. 


‘tae Industries Inc., Racine, Wis. 


Martronics Inc., 82 Sanford St., Hamden 


14, Conn. 
A 


Merkle-Korff Gow Co., 213 N. Morgan 
; ‘parame , Ill. 


(See Ad, Page 254) 
~ Motor Corp., Box 518, McHenry, Ill. 


Clutch Motors 


These motors utilize a clutch device 
designed into the motor as an integral 
auxiliary. Clutch motors are employed to 
start high inertia loads, relieving the mo- 
tor of starting the load from standstill. 

Clutches are of the centrifugal, hydrau- 
lic, eddy-current, magnetic, or magnetic- 
particle type. The clutch is sometimes com- 
bined with a brake for use in applications 
requiring fast stops. 

Clutch motors are categorized here ac- 
cording to electrical input. Entries in 
each category carry a letter code denoting 
horsepower range: 

A. Fractional. 

B. Integral. 


Ac Single-Phase 


Airborne Accessories Com. 1414 Chest- 
i Hillside 5, N. J. 


Macuine Desic_n—Tue Execrric Motor Boor 
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...Want to drive a tape recorder in a satel- 
MOTO RS lite 200 miles up...or a pressure recorder 
at the end of a drill string 4 miles down? 


Either way—and for myriad ways in between—consider The A.W. Haydon Co. 
when you want a motor. OC An A.W.Haydon motor tinier than an aspirin 
drives microminiature ETI’s...others fill the bill for charts, cams, actu- 
ators, counters—one motor even rotates an orbiting satellite. 0 There are 
A.W.Haydon motors to operate on any source of electricity— battery, solar 
cell, charged capacitor or any AC frequency. When you have an applica- 
tion, try The A.W.Haydon Go. Chances are, we have the motor to match. 






CHRONOMETRICALLY GOVERNED MOTOR 


VANGUARD MOTOR q- _ 
MICROMINIATURE MOTOR 


AYDON 


COMPANY 


249 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
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PRODUCT DIRECTORY 
Attaow Mfg. Co., Lake Blvd., Alliance, 


A 
Louis fam Co., 427 E. Stewart St., Mil- 
+ eal ‘ Wis. 


A, 

American Electronics Inc, Electro-Me- 
chanical Div., 1596 E. Ross Ave., Ful- 
oe Calif. 


Ashland Electric Products Inc., 32-02 
eens Blvd., Queens, L. L, N. Y. 


(See Ad, Page 248) 
Brevel Products : 601 W. 26th St., 
New York 1, N. Y 


A 
Cabral Motors Inc., Dalmotor Div., 51 
ame Lane, Los Gatos, Calif. 


(See Ad, Page 227) 
Doerr Electric Corp., 510 N. Fourth St., 
ss ee Wis. 


A,B 
Electro Counter & pear Co. 
Ashland Ave., Chicago | 4, ill. 


A 
General Electric Co., Specialty Motor 
Dept., Ft. Wayne, Ind. 


(See Ad, Page 255) 


General Electric Co., Direct Current Mo- 
tor & Generator Dept., 3001 E. Lake 
ne Erie, Pa. 


(See Ad, Page 255) 
Globe Industries Inc, P. O. Box 101, 
ee Dayton Station, Dayton 4, Ohio 


(See Ad, Page 259) 
Hoover Electric Co., 2100 S. Stoner Ave., 
os, Angeles 25, Calif. 
Howard Industries Inc., Racine, Wis. 


A 
Hurst Tool & Mfg. Co., RFD 46, Prince- 


ton, Ind. 
A 


Hydro-Aire Co., Div. of Crane Co., 3000 
rome Ave., Burbank, Calif. 


2717 N. 


IMC iegeeto & Corp., a Div., 570 
Westbury, N. Y. 


(See Ad, Page 261) 
Martronics Inc., 82 Sanford St., Hamden 
4, Conn. 


= ag C Co., 213 N. Morgan 
., Chicago 7, Ill 


(See Ad, Page 254) 
The Motoresearch Mfg. Co., 1600 Junction 
ant Racine, Wis. 


(See Ad, Page 260) 

Reliance Electric & Engineering Co., 24701 
er Ave., Cleveland 17, Ohio 

Rotating Components Ine, 160 Fifth A 
tatin mponents Inc., | i ve., 
Bay Shore, Pt. N. Y. 

Schaevitz neeri P. O. Box 505, 
Camden Th fi - 


Speedway Mfg. Co., Su Thor 
es Tool Co., 1421 B le Rd., 
, ane Park, Ill. 


hese. Sateen Ts of U. S. Industries 
ay Santa Barbara Airport, Galeta, 


A,B 

Western Gear Corp., Electro Products 
Div., 132 W. Colorado St., Pasadena 
1, Calif. 
A, B 

230 


Ac Polyphase 


Accesories si. 1414 Chest- 
eine, Soe 


Louis Allis Co., 427 E. Stewart St., Mil- 


waukee 1, Wis. 
B 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Ful- 
oo Calif. 


Aateni Electric Products Inc., 32-02 
eens Blvd., Queens, L. L, N. Y. 


(See Ad, Page 248) 
Cabral Motors Inc., Dalmotor Div., 51 
‘oma Lane, Los Gatos, Calif. 
(See Ad, Page 227) 
Doerr Electric em 510 N. Fourth St., 
oe 


opal Speci. 
— 
Calif 


A, B 
Fidelity — Co., 1000 E. Bound- 
ay Ave., York, Pa. 


pecialty Co., poe he “2 
lv Angeles 


General Electric Co., Specialty Motor 
Dept. Ft. Wayne, Ind. 

(See Ad, Page 255) 

General Electric Co., Direct Current Mo- 
tor & Generator Dept., 3001 E. Lake 
_ Erie, Pa. 

(See Ad, Page 255) 

Globe Industries Inc., P. O. Box 101, 

—— Dayton Station, Dayton 4, Ohio 
(See Ad, Page 259) 

Hoover Electric Co., 2100 S. Stoner Ave., 
9 eee 25, Calif. 

or tas Industries Inc., Racine, Wis. 


Hydro-Aire Co., Div. of Crane Co., 3000 
x inona Ave., Burbank, Calif. 


IMC M ics Corp., Eastern Div., 570 
—_ t., Westbury, L. L, N. Y. 


(See Ad, Page 261) 
Martronics Inc., 82 Sanford St., Hamden 
\4, Conn. 


nas Electric & Engineering Co., 24701 
_— Ave., Cleveland 17, Ohio 


(See Ad, Pages 246 and 247) 


Reuland Electric Co., 3001 W. Mission 
es Alhambra, Calif. 


a maponenss be Inc., 1560 Fifth Ave., 
- Talley Corp., 101 H 
‘’ Newbury 1 Park, 


Western Design, Div. of U. S. Industries 
, Santa Barbara Airport, Galeta, 


A,B 


pers Sante 


Western Gear Co Electro Products 
Div., 132 W St., Pasadena 
1, Calif. 

(See Ad, Page 241) 


Westinghouse Electric A ., Motor & 
Gearing, Buffalo, N. Y. ™ 


Direct Current 

Airborne Accessories Corp., 1414 Chestnut 
4 esmepedbe the 

American Electronics Inc. Electro-Me- 
chanical Div., 1596 E. Ross Ave., Ful- 
) weeimae 

Cabral Motors Inc., Dalmotor Div., 51 
peer Lan Les Coes, Se 


— Psark ae Banco Di Div., 4612 
ni 
ome Biv, Angeles 16, 


A, B 
Fidelity ay: Co., 1000 E. Bound- 
ary Ave., York, Pa. 


Ford Electronics 
ag Hollywood, 


Globe Industries Inc., P. O. Box 101, North 
sons Station, Dayton 4, Ohio 


(See Ad, Page 259) 
Hoover Electric Oo i aio S. Stoner Ave. 
Los Angeles 25, Cal 


wt Industries Inc., Racine, Wis. 


m.. Aire Co., Div. of Crane Co., 3000 
Winona Ave, Burbank, Calif. 


IMC M cs Corp., Eastern Div., 570 
wae t., Westbury, N. Y. 


(See Ad, Page 261) 
Bill Jack Scientific Instrument Co., 143 
: ros St., Solana Beach, Calif. 


a Vose St, 


Ri. Inc., Electro-Mechanical De 10 
Jonie Ave. N.W., Grand Rapids 2, Mich. 


Martronics Inc., 82 Sanford St., Hamden 
« Conn. 


Merkle-Korff Gear Co., 213 N. Morgan St, 
ae 7, Ml. 
(See Ad, Page 254) 


Pesco Products Div., Borg-Warner Corp., 
oe dh Miles Rd., Bedford, Ohio 


me Motor Corp., Box 518, McHenry, Il. 


The ve Tey sors, L, y ighwey & Conejo 


A, 9 thas 
Western Design, Div. of U. S. Industries 
Inc., Santa Barbara Airport, Galeta, 
Calif. 
A,B 
Western Gear Corp., Electro Products 
Div., 132 W. Colorado St., Pasadena |, 
Calif. 
A, B 
(See Ad, Page 241) 


Ac-Dc (Universal) 


Cabral Motors Inc, Dalmotor Div., 51 
Victory Lane, Los Gatos, Calif. 


(See Ad, Page 227) 
Globe Industries Inc., P. O. Box 101, North 
Sepens ayn, Sages Se 


(See Ad, Page 259) 
Hoover Electric Co., 2100 S. Stoner Ave, 
os eames 25, Calif. 
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Howard Industries Inc., Racine, Wis. 


A 
Martronics Inc., 82 Sanford St., Hamden 
iy Conn. 
Manic k Korff Gear Co., 213 N. Morgan St., 
Chicago 7, 


(See Ad, Page 254) 
Rae Motor Corp., Box 518, McHenry, IIl. 
A 


Torque Motors 


Torque motors are designed for appli- 
cations which require prolonged stalled 
torques and/or certain special running- 
torque characteristics. Torque motors are 
rated in output torque at locked-rotor or 
stalled conditions. 

These motors are readily available with 
double-shaft construction, totally enclosed 
or explosion-proof construction, or shell- 
type shaftless-rotor construction, and with 
any of the special features required for 
operation at high humidity, high tem- 
perature, or severe vibration. 

Torque motors are categorized here ac- 
cording to electrical input. Entries in each 
category carry a letter code denoting out- 
put torque range: 

A. Under | oz-ft. 

B. 1-10 oz-ft. 

C. 10-100 oz-ft. 

D. Over 100 oz-ft. 


Ac Single-Phase 
Airborne Accessories Corp., 1414 Chest- 
. Ave., Hillside 5, NL 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Ful- 
rin Calif. 


Electric Products - 32-02 
act 8 Blvd., Queens, L. L, 
(See Ad, Page 227) 


Barber-Colman Co., Small Motor Div., 
~ Rock St., Rockford, Ill. 


A,B 
ee Soeieats Corp. 601 W. 26th St. 
e York 1, N 


Cabral Motors Inc., Dalmotor Div., 51 
ee Los Gatos, Calif. 
(See Ad, Page 227) 
Doerr Electric Corp. 510 N. Fourth St., 
urg, 
D 
Eastern +o om Inc., 385 Central Ave., 
AB 


Eicor Div., Indiana Gund Corp., 517 
W. Walnut, Oglesby, Ill. 


A,B 
Electric ieee Co. Inc., Camp Ave., 
yet ts 


Electric Spuiehy Co., 211 South St., Stam- 


eb 


Electro Counter & Motor Ca. 2717 N. 
Ree Ave., Chicago 14, Il 
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EMD Components Inc., 1410 E. 289th St., 
Wickliffe, Ohio 


c 
Controls Industrial Div., 801 
‘ Ave., Gl le 1, Calif. 


ond Electric Co., > , Seely Motor 


ae Ft. Wayne, Ind. 


(See Ad, Page 255) 


Inc., 2233 Federal Ave., Los An- 
es 64, Calif. 


B 
Giannini eS “Fes S. Moun- 
tain Ave., Duarte, 


A, 
Holtzer Cabot Corp., 125 Amory St., Bos- 
Mass. 


Hoos Industries Inc. Racine, Wis. 


A, 
Howell Electric Motors Co., 409 N. Roose- 
velt, Howell, Mich. 


A, B, C 
Hurst Tool & Mfg. Co., RFD 46, Prince- 
ton, Ind. 


A 
H -Aire Co., Div. of Crane Co., 3000 
is Ave., Burbank, Calif. 


ics Corp., Da see Div., 570 
"Main 3 Westbury, N Y. 


” chee Ad, Page 261) 


The go Co., Industrial Products, 
a? . Main St., Bristol, Conn. 


A, 
Lamb Electric Co., Div. of American 
pean & Metals Inc., Lake St., Kent, 
io 


A, 8, C 
Leece-Neville Co., 5109 Hamilton Ave., 
Cleveland 14, O Ohio 


B 
sation mics Inc., 82 Sanford St., Hamden 
14, Conn. 
A,B,C, D 
—s . Syntorque Corp., West Hurley, 


A, B, C 
Merkle-Korff Gear Co., 213 N. Morgan St., 
Chicago 7, 
A, B, C 
(See Ad, Page 254) 


The Motoresearch Mfg. Co., 1600 Junc- 
tion Ave., Racine, Wis. 
A, B,C 
(See Ad, Page 260) 
Norden Div., United Aircraft Corp., Nor- 


walk, Conn. 


A 
Peerless Electric Co., 1401 W. Market St., 
Warren, Ohio 
B, C, D 
(See Ad, Pages 252 and 253) 


Rotatin Cseients Inc., oo Fifth 
AEC ay Shore, L, L, N. Y 


Transco “Viste Inc., 12210 Nebraska 
-—, Los Angeles 25, Calif. 


W. R. Turner & Co., 4831 W. Jefferson 
ra ies Angeles i6, Calif. 

Western Design, Div. of U. S. Industries 
Cal Santa Barbara Airport, Galeta, 


Westinghouse Electric Corp., Motor & 
ene Buffalo, NY. 


Ac Polyphase 


Louis Allis Co., 427 E. Stewart Si., Mil- 
wm andes 


oe Electronics Inc., Electro-Me- 
~ chanical Div., 1596 E. Ross Ave., Ful- 
Sa 

Electric Products a 32-02 
Queens Bide » Queens, L. L, N. 


(See Ad, Page 248) 
Baldor Electric Co., Mcior Div., 4353 
Duncan Ave., St. Louis, Mo. 


B, C 
Bowmar Instrument Corp., 8000 Bluffton 
= Ft. Wayne, Ind. 


(See Ad, Page 262) 


Cabral Motors Inc., aomeny eae 51 
ARED” Los Gatos, Cal 


(See Ad, Page 227) 
Continental Electric Co., 325 Ferry St., 
Newark 5, N. J. 


Dene Electric ae 510 N. Fourth St., 
SCD 

Eastern Air Devices Inc., 385 Central Ave., 
Dover, N. H. 


A,B 

Electric Indicator Co. Inc., Camp Ave., 
Se Conn. 

Electric Specialty Co. 211 South St. 
Stamford, Conn 


EMD Components Inc., 1410 E. 289th St., 
one Ohio 


A,B 
Petborie, Morse & Co., 303 N. Hender- 
on, Frage, Il. 
Fidelity Instrument Co., 1000 E. Bound- 
ay Ave., York, Pa. 


B, C 
General Controls Co., Industrial Div., 801 
re 3 Ave., Glendale 1, Calif. 


A, 
General Electric Co., General Purpose Mo- 
= Dept., Ft. Wayne, Ind. 


(See Ad, Page 255) 
General Electric Co., Small Integral Mo- 
“ Dept., Ft. Wayne, Ind. 
(See Ad, Page 255) 


General Electric Co., Specialty Motor 
t., Ft. Wayne, Ind. 


(See Ad, Page 255) 
General Electri Small AC Motor & 
Generator Dept, Schenectady, ey. 
(See Ad, Page 255) 


2233 Federal Ave., Los An- 


Cc 
Hobbe Mig. Co, 26 Salsbury St, Worce 
ter v9, 
Pe Corp., 125 Amory St., Bos- 
ton 19, 
A, B, C,D 
(See Ad, Page 235) 


a Industries Inc., Racine, Wis. 
Howell ae ae SO, Rae 


we 
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PRODUCT DIRECTORY 


H Aire Co., Div. of Crane Co., 3000 
inona Ave., Burbank, Calif. 


me ics Corp., Eastern Div., 570 
Main St., Westbury, N. Y. 
B, C, D 


(See Ad, Page 261) 
Imperial Electric Co., Akron 9, Ohio 


D 
Lamb Electric Co., Div. of American Ma- 
chine & Metals Inc., Lake St. Kent, 
Ohio 
A, B, C 
—— Inc., 82 Sanford St., Hamden 
14, Conn. 
A, B, C, D 
Mclean Syntorque Corp., West Hurley, 


A, B, C 
Norden Div., Unsied Aircraft Corp., Nor- 
ae Cona. 


Peerless Eiectric Co., !1401 W. Market St., 
Warren, Ohio 
B, C, D 


(See Ad, Pages 252 and 253) 


Reliance Electric & Engineering Co., 24701 
Euclid * ams Cleveland 17, Ohio 
B, C, D 
(See Ad, Pages 246 and 247) 
Reuland Electric Co., 3001 W. Mission 
Rd., Alhambra, Calif. 
B, Cc a 


Rotating Components ore 1560 Fifth Ave., 
Bay Shor, LLN 


A, B 
Standard “nlectric Div., Standard Dayton 
Sep Box 1001, Dayton, Ohio 


Transco , , 12210 Nebraska 
gre Lee Angee if. 


W. R. Turner & ay 4831 W. Jefferson 
Blvd., ies Angeles 16, Calif. 


A, B, 
U. S. Electrical Motors Inc., 200 E. Slau- 
eo Los Angeles 54, Calif. 


Western Design, Div. of U. S. Industries 
Inc., Santa Barbara Airport, Galeta, 


D 
We-tinghouse Brent ye Motor & 
Gearing, Buffalo, N. Y. 


Cc, D 

Direct Current 

Airborne Accessories Corp., 1414 Chestnut 
Hillside 5, N. J. 

American Electronics Inc., Electro-Me- 


chanical Div., 
re Calif. 


A,B 
The Bendix Corp., Mor:trose Div., 
Montrose, Pa. 


A 
Cabral Motors Inc., Dalmotor Div., 51 
Victory Lane, Los Gatos, Calif. 
A, B, C,D 
(See Ad, Page 260) 


Continental Electric Co., 325 Ferry St. 
es » N. J. 


1596 E. Ross Ave., Ful- 


South 


Cc 
a Div., Indiana Grssonl Corp., 517 
W,, Walnut, Oglesby, Ill. 


Electric tor Co, Inc., Camp Ave., 
Stamf Conn. 


A, B 
Electric Specialty Co., 211 South St., Stam- 
a Conn. 
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Elliott G Div. of Carrier Corp., Jean- 
pote, Pa. 

Fidelity Instrument Co., 1000 E. Bound- 
ary Ave., York, Pa. 


B, 
General Controls we Industrial Div., 801 
| Ave., Gl e 1, Calif. 


General Electric Co., Direct Current Mo- 
& Generator Dept., 3001 E. Lake 
Rd., Erie, Pa. 
Cc, D 


(See Ad, Page 255) 


Giannini Controls 1600 S. Moun- 
tain Ave., Duarte, if. 


A, B, 
Hobbs } ae 26 Salisbury St., Worces- 
ter 5, 
A. 8, fy rm 
iolrer fan! Corp., 12 
ton tb, Mass. 
A.B. C.D 


(See Ad, Page 235) 
Mewead industries inc., Racine, Wis. 


A, 
Howell Electric Motors Co., 409 N. Roose- 
velt, Howell, Mich. 


B, Cc 
Hydro” Aire Co., Div. of Crane Co., 3000 
AB Ave., Burbank, Calif. 


ime tr Corp., i; a Div., 570 
— Westbury, N 4 


Amory St., Boc- 


(See Ad, Page 261) 
ial Electric Co., Akron 9, Ohio 


D 
In!and Motor Corp. of Virginia, 347 King 
wt. Northampton, Mass. 
A, B, C, D 
Bill Jack Scientific Instrument Co., 143 
‘ ros St., Solana Beach, Calif. 
Lamb Electric Co., Div. of American Ma- 
eine & Metals Inc., Lake St. Kent, 
io 
A, B, C 
Leece-Neville Co., 5109 Hamilton Ave., 
= 14, Ohio 


Martronics Inc., 82 Sanford St., Hamden 


14, Conn. 


A, B, C, D 
Peerless Electric Co., 1401 W. Market St., 
Warren, Ohio 
B, C, D 
(See Ad, Pages 252 and 253) 


Photocircuits Corp., 33 Sea Cliff Ave., 
ey ons NY 


A, B, C,D 
Redmond Co., Monroe St., Owosso, Mich. 


A, B, 
Reliance Electric & Engin Co., 24701 
eo ~ Cleveland 1 7 Bio 


(See Ad, Pages 246 and 247) 
Transco Products Inc., 12210 Nebraska 
ive. Los Angeles 25, Calif. 


Western Design, Div. of U. S. Industries 
i, Santa Barbara Airport, Galeta, 


AB 


Ac-De (Universal) 


The Bendix ia Montrose Div., South 
Montrose, Pa. 


A 
General Controls Industrial Div., 801 
Allen Ave., Glendale’ 1, Calif. 


Howard Industries Inc., Racine, Wis. 


Macuine Desic6n—Tue Execrric Motor Book 


Electro Counter & Motor Co., 


Lamb Electric Co., Div. of American Ma- 
chine & Metals Inc., Lake St. Kent, 
A, B, C 

Martronics Inc., 82 Sanford St., Hamden 
ee eb 


s alty Co. 2801 17 La 
Motor Specialy is. me 


ot 


Relinand Co, Monroe St., Owosso, Mich, 
Schaevitz En P. O. Box 50 
Camden 1, N. J. 
A, B, C 


Sigma Instruments _Inc., ‘eas Pearl St, 
uth Braintree 85, Mass 


lastrement Motors 


Instrumeat motors are precision-built 
motors, generally within the range of 
1/2000 to % hp. Common applications 
include drives for recorder charts, tum- 
tables, capstans, precision lathes, dicto- 
graphs, and valve controls. 

Common types of ac instrument mo- 
tors are the shaded-pole and distributed- 
winding induction; and the hysteresis, re- 
luctance, and permanent-magnet synchro- 
nous. Direct-current instrument motors 
are available in the shunt, series, com- 
pound-wound, and printed-circuit types. 

Instrument motors are categorized here 
according to electrical input. Entries in 
each category are followed by the power 
and speed range of motors available. 


Ac Induction 


Americaz: Electronics Inc., Electro-Mechan- 
oF 1596 E. Ross Ave., Fullerton, 


1/1200-1/20 hp, 4200-22,000 rpm 
— ae Co., Small A ol Div., 


13/100}000-1/35 hp. 8300-1 /400 
— se Cas 2500 Bradley Place, 


06/6 Soy 7 Rag Lae 
uipment Vv. 0! 
wie Corp., 120 S. Main St., Janes- 
vi 
1/1000-1/300 hp, 1700 & 3400 rpm 
Bowmar Instrument Corp., 8000 Buffton 
Rd., Ft. Wayne, Ind. 
1/2000 hp, 10,000 rpm 


(See Ad, Page 262) 


Cabral Motors Inc., Dalmotor Div., 5I 
Victory Lane, Los Gatos, Calif. 
10 w, 6-20,000 rpm 


(See Ad, Page 227) 
Se Inc., Transcoil Div., Worcester, 


1/1000 1 
Eastern Aint Devices Mies Te 385 Central Ave. 


Dover, H. 
1/1500-1/20 hp, Da rpm 
a. a ay, . Inc., Camp Ave, 


S500 178 Cont 00-11,000 

“ 3, 2717 N. 
Ashland Ave., Bs, Ill 
1/200-1/50 hp, | 

EMD Components Inc., [410 E. 289th St, 
Wickliffe, Ohio 
1/100-1/6 hp, 900-3600 rpm 
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Ford Llectronics 11747 Vose St. 
North Stood, Cail 
1/500-1/75 hp, 1-2400 rpm 
Ford Instrument Co., Div. an S Rand 
Corp., 31-10 Thompson =a. Long 
Island 1, N. Y. 
10w, 6000 rpm 
General Electric Co., Specialty Motor 
Dept., Ft. Wayne, Ind. 
2 mhp-1/20 oi 1725-3450 rpm 
(See Page 255) 


Gener.! Motors Corp., Delco Appliance 
Liv., 391 or Ave., Rochester, N. Y. 
0.012 hp, 11,200 rpm 

—_ ata og Federal Ave., Los An- 


Ris | 15 h Cati2.000 rpm 
Giannini Controls Corp., 1600 S. Moun- 
tain Ave., Duarte, Calif. 
0,001-0.25 br, 900-24,000 rpm 
Gla. son-Avery Inc, 29 Clark St., Auburn, 
N. Y 
6.501 -6.003 hy, 1500-3! 90 
‘See Ad, Page ) 


Globe iudustries Inc., ?. O. Box 101, North 
Day:on Station, Dayton 4, Ohio 
1/2000-1/50 hp, 1800-24,000 rpm 

(See Ad, Page 259) 


Rt Cais Corp., 125 Amory St., Bos- 
ton 19, 
1/2000-1/20 hp, 900-3600 
(See Ad, Page 235) 


Howard Industries Inc., Racine, Wis. 
10 mhp-1/5 hp, 1200, 1800 & 3600 

IMC Magnetics Corp., Ra Div., 
Main St., Westbury, N. 


1/2000- 1 hp, 450-24,000 
(See Ad, Page ge 

Lamb Electric Co., Div. of American Ma- 
chine & Metals Inc., Lake St., Kent, 


Ohio 
0-1/4 hp, 0-3400 rpm 
Lear Inc., Lear- Romee L Div., 241 Abbe Rd., 
Elyria, Ohio 
1/200-1/20 hp, 2000-12,000 rpm 
quad Inc., 82 Sanford St., FS Mindi 
0.002-0.20 hp, 100-150,000 rpm 
<= Syntorque Corp., West Hurley, 


11000-1/3 hp, 550-22,000 rpm 
Merkle-Korff Gear Co., 213 NM Morgan St., 
Chicago 7, Ill. 
1/5000-1/100 hp, 0-300 = 
(See Ad, Page 254) 


Heinz Mueller Engineering Co., 4725 W. 
lowa St., Chicago 51, 
1/2000-1/30 hp, 800-3400 rpm 

oo Ot. Div., : Aircraft Ci Corp., Nor- 
wa 


oe, ) ip, 8000 
ucts Div, | 5 Woreas. Comp. 
a N. Miles Rd., Msaliond 
0.001-0.05 hp, 7000 & 2Ap0D one 
Redmond Co., Monroe St., ot gs Mich. 
1/2000-1/20 hp, 1200, 1800 & 3600 rpm 
Robertshaw-Fulton Controls Co., Acro 
me 2040 E. Main St., Columbus 16, 


iO 
0.0002 hp; 0.55-27 rpm 
Rotating Components Inc., a Fifth 
Ave., Bay Shore, L. L, N. 
1/60 hp, 7200 rpm 
Sangamo Electric "Co. llth & N. Grand 
Ave., Springfield, iil. 
0-1/300 1800-24,000 rpm 
See Ad, Page 223) 
Schaevitz Engineering, P. O. Box 505, 
TDS be, 56-5000 cpm 
_ Mfg. Co., P. O. yo 275, Wayne, 


01/4 hp, 0-24,000 rpm 
196]: Edition 











4—SPECIAL MOTORS & MOTOR THERMAL PROTECTORS 





LET DINGS bo :T! 


NEW 


COMPACT 


BRAKE 






eeeeseeeeeeeeeeee eecccecees im f 2 eeee 


WRAP AROUND COVER 


No extra space needed for cover 
removal. Ideal for confined spaces. 





No special motor design. Fits all 
motors without disassembly. 


The new Dings “Universal” Series 60 —1% and 
3 Ib. ft. torque Compact Brake offers all the advan- 
tages of Dings standard brakes plus the economy 
and convenience of easy, fast attachment and easy 
access. Here’s assurance of an attractively compact, 
brake-motor package! 

For NEMA motor frames 56C, 66C, 182C & 
134C (all manufacturers). For continuous or inter- 
mittent service. 


1 Slide brake on the motor shaft. 
Bolt tc standard NEMA “'C" 
flange mounting. 


Knockout plug provided for Thru- 
Shaft feature on all units. 


Write for further details. 
Ask for BULLETIN BK4709. 


DINGS BRAKES, wc. 


A SUBSIDIARY OF DINGS MAGNETIC SEPARATOR CO. 
4714 West Electric Avenue 
Milwaukee 49, Wisconsin 
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PRODUCT “RECTORY 


Transco Products Inc., 12210 Nebraska 
Ave., Los Angeles Calif. 
0.0001-10 hp, 1 000 rpm 

Universal Electric Co., Owosso, Mich. 
1/200-1/20 hp, 1500-3450 rpm 

Western Design, Div. of U. S. Industries 
Inc., Santa Barbara Airport, Galeta, 


Calif. 
0-1/20 hp 

Western Gear Corp., Electro Products 
Div., 132 W. Colorado St., Pasadena 1, 


Calif. 
0.001-0.05 hp, 3000-23,000 rpm 


Ac Synchronous 


Alliance Mfg. Co., Lake Park Blvd., Al- 
liance, Ohio 
1/400-1/100 hp 

American Electronics Inc., Electro-Mechan- 
=F ae 1596 E. Ross Ave., Fullerton, 


Calif. 

1/1500-1/20 hp, 4800-24,000 rpm 
Barber-Colman Co., Small Motor Div., 

1300 Rock 5St., Rockford, Ill. 

1/200-1/100 hp, 3600-1/360 re. 
Bodine Electric Co., 2500 Brac 

Chi 18, Ill. 

172000-1/13 hp, 600-3600 rpm 
Borg Equipment Div., Amphenol-Borg 

ectronics Corp., 120 S. 


Place, 


Main St. 


a Wis. 

/2000-1/500 hp, 1800 & 3600 rpm 

Borg Instruments, -_ of Armphenol-Borg 

ectronic mt Wivconsin St, 

Delav. van, W 
60 oz-in., 1/20-150 rpm 

Bristol Motors Div., Vocaline Co. of Amer- 
ica Inc., 108 Coulter St., Old Saybrook, 


Conn. 
1/50,000-1/10,000 hp, 1/60-1800 rpm 
(See Ad, Page 236) 
Cabral Motors Inc., Dalmotor Div., 51 
Victory Lane, Los Gatos, Calif. 
20,000 rpm 
(See Ad, Page 227) 
Cedar E meotos Div., Control Data 
Corp., . 36th St., Minneapolis 
16, Minn. 


125 hp, 8000-12,000 rpm 
Cramer Div., Giannini Controls Corp., 
Centerbrook, Conn. 
30 oz-in., 60 rpm-l rev per day 
(See Ad, Page 250) 


Dale Electronics Inc., Box 488, Columbus, 


Nebr. 
PR ny toy 1800 
5 Devs Inc. 385 Central Ave., 


ib. 
Ede toto Salen McGraw 
br Co. Instrument NY 51 Lake- 


side Ave., West Orange, N 
0.7 Indic 
—- — Bo. Inc., ss Ave., 


i200. 1/10 Oi, 600-12,000 rpm 
Electro Counter & a hi 2717 N. 
Ashland Ave., non isfoo's: 
2-100 


1/2000-1/200 
ina. 0 pe 289th St., 


EMD Com 
Wickliffe, Ohio 
atte “tenia a= = 


2 31-10 0 "Rom ~ to 
“Gaya ren 


1715 bp, 
— ~~ "Con Specialty Motor 


is ak te i/o 20 er 1800: 3600 rpm 
(See Ad, Page 255) 


234 


General Elecuric Co., Clock & Timer 
Dept., 24 Homer Ave., Ashland, Mass. 
1 rpm-l rev per 30 

(So+ Ad, Page 255) 
Giannini = ag gy, 1600 S. Moun- 


tain Ave., Duarte, Calif 
0.001-0.1 7 hp, 900-24,000- deg 
Goee bert ine, 29 Cl St., Auburn, 


0.001-9.002 rp, 1800 rpm 
(See Ad, Page 242) 
Globe Industries Inc., P. O. Box 101, North 
Dame Station, Da 4, Ohio 
I/ 1/100 hp, 1 rpm 
(See Ad, Page 259) 
Hansen Mfg. Co. Inc., 1934 Virgil Blvd., 
Princeton 10, Ind. 


Harowe Servo Controls Inc., Westtown 
~o West Chester Pike, West Chester, 


Obit 
W. ‘Brydon a 232 N. Elm St. 


1300-1 130 agg 1/6 rph-300 rpm 
(See Ad, Page 229) 
Holtzer Cabot Corp., 125 Amory St., Bos- 


ton 19, Mass. 
1/2000-1/20 hp, 900-3600 rpm 


(See Ad, Page 235) 
Howard Industries 


10 mhp-1/6 sp 130, 1800 2000 rm 
= i & Co., RFD 46, Prince- 
40 o2-in., 1800- rpm 

a oe o,. oe 


173000-1 An 450-2400 rpm 
(See Ad, Page 261) 
cy Industrial Products, 


Bristol, Conn. 
oa om Corp., Main 


rcton, Mass. 
on78 oz-in., 1-600 
Serene Sa Motor Corp. Mill St., Dublin, 


Pa. 
0.0002-0.016 hp, 1200-24,000 rpm 
(See Ad, Page 256) 
Lake City ine., Crystal Lake, Ill. 
35 oz-in., | rpm 
Martronics Inc., Pee Sanford St., Hamden 
14, Conn. 
0.002-0.20 hp, 100-150,000 - 
—- Syrtorque Corp., West Hurley, 


1/1000-1/6 hp, 600-24,000 rpm 
sy ony — Co., 213 NM Morgan St., 


17 10,000-17300 hp, 0-300 rpm 
(See Ad, Page 254) 
sa ey ey Reowlater Cr. 
Div., ie * 


Instruments 
Windvim Aves, Philadelphia 
2-36 oz-in., 30-180 rpm 

(See Ad, Page 257) 


ere ea ee Lee Ae 


ize tp. 


The 
392 
i o2-i 


1800 rpm 
“7 Anton Yok 17, NY. a 
Rota ‘Comp ts Inc. 1560 Fifth A %~ 
Bay tory ETN > 
Sangamo’ Hei Ca, > llth & N. Grand 
0-1 hp, | rpm 


Inc iP Mechatrol Luv ” 


Servomechanisms 
Oat hay DADOU pea 1,N.Y. 


eo. P. O. Box 275, Wayne, 
0-1/50 hp, 0-24,000 rpm 
Instruments ag 170 Pearl St, 
— 
oS Tamer & Co. 6 Calin Jeffe-sor 
.. Los Angeles 16, Calif. 


M7 100-1700 1200-3600 
—_ - 2 ae 12310 0 Nebraske 


_— re 
ry tet 10 hp, 1000-50,000 rpm 
Western Gear Electro Products Div. 
132 W. Colo do. St, Pasadena i, Clif 


0.001-0.05 hp, 8000-12,000 rpm 
(See Ad, Page 241) 


Direct Current 


American Electronics Inc., Electro-Mechan- 
ical Div., 1596 E. Ross Ave., Fullerton, 


a A N Ravenswene 
lo Cone, S N. Ravenswood Ave, 


3 w, 12,000 rpm 

a. ere "Co. 2500 Bradley Place, 
1/30-176 hy 1125450 
a arco 67) Milton Rd. 


R 


Ret ye Inc. Doimates | Div., 51 Vic- 


tory Lane, Los Geass, Cal 
20 w, 
(See Ad, Page 227) 
Cas ~¢ Go. 2711 W. George St, 
TOO 1/10 be hp, 5-10,000 rpm 
(See Ad, Page 260) 


Clifton Precision Products Co. Inc., 030 
State Rd., Drexel Hill, Pa. 
0.005-0.007 hp, 10,000-20,000 

(See Ad, Page 224) 


Cramer Div., Giannini Controls Corp. 
Conn. 


Centerb 
60 oz-in., rpm-1/2 rph 


(See Ad, Page 250) 
SE Gp, P. O. Box 41, New York 
63, N. Y 


Electric Indicator Co. Inc., Camp Ave. 
Stamford ae 


rpm 


1/2500-Y4 bp, 
Ford El ae tha Vose St, 
North Folly = Ei 
1/2000-1 
xeral Motors oe Delco A 
Div., 391 ery Ave., Rochester, 
0.006 1-12,000 rpm 
en oy 


SN an 5 Mom 


A nas 1-10; 
a Can, Gae Dhn Comet 


son-in., 3000 -1/1 
amet industries ey P. 6 + 101, North 


Station, Da: 4, Ohio 
1/3000-1790 tne, 2000-80,000" roa 
Hansen Mfg. Co. Inc., 1934 Virgil Blvd, 
Princeton 10, Ind. 
(See Ad, Page 251) 
A. W. Haydon Co., 232 N. Elm St., Wa- 


1/7 hp, % rph-12,000 rpm 
(See Ad, Page 229) 


Macuine Desic6n—Tue Execrric Motor Book 








¢ o> ewe ont poe woe ena onan =—Ane out ae: ae ee ee - ae ae ee 


BR ec¥ cork 


BE 


iv. 


uth 


Vic- 


York 


Ave, 


We- 


300K 





The Haydon Instrument Co., 17 Brown 


St., Waterbury 20, Conn. 
0-1/40 hp, 0-15,000 rpin 


Geraid K. Heller Co., P. O. Box 4426, Las 
Vegas, ev. 
1/20-1/50 hp, 0.3-40Lu =pm 


¥joward Industrie« Inc., Racine, Wis. 
10 mhp-'4 hp, 1200-10,000 rpm 


¥oltzer Cabot Corp., 125 Amory St., Bos- 
“ton 19, Mass. » Sapa sal 


ton ids 
1/2009-1/20 hp, 900-3600 
(See Ad, Page 235) 
IMC Megntios Corp., Eastern Div., 570 


Main Westbury, N. 
1/200-Y%4 hp, 5000-16,000 
(See Ad, Page 261) 


Inland Motor Corp. of Virginia, King 
St., Northam Mass. ” 
0.1 hp, 15,000 rp 

Lamb Electric Co., Div. of American Ma- 
chine & Metals Inc., Lake St., Kent, 


Ohio 
0-4, hp, 0-10,000 rpm 
Martronics Inc., 82 Sanford St., Hamden 


14, mn. 
0.002-9.20 hp, 100-150,000 rpm 


Merkle-Korff Gear Co., 213 N. Morgan St., 
17/100'1/38 hap, 0- 
i00-1/ p, 0-1000 
(See Ad, Page 254) 


Motordyne Inc., 1 Barry Ave. Lo: 

Angeles 64, Calif. a4 ’ 
0-4, hp, 3600 rpm 

Heinz Mueller Engineering Co., 4725 W. 
lowa St., Chi © SI, i 
1/2000-'% hp, | 12,000 rpm 

Muirhead Instruments Inc., 441 Lexi 
Ave., New York 17, NY ware 
1/100-1/20 hp, 4-12,000 rpm 

Pesco Products Div., Borg-W Corp. 
24700 N. Miles Rd, Bedford, Ohio” 
0.001-0.05 hp, 4000-20,000 rpm 


Photocircuits Corp., 33 Sea Cliff Ave. 
Glen Cove, N.Y. 7 Re 
1/10-3 hp, 4000 rpm-1 rev per day 

Reed & Reese inc., 717 N. Lake Ave. 
Pasadena, Calif. Pees 
0-50 oz-in.; 75-1800 rpm 

Reflectone Electronics Inc., Subsidi of 
Universal Match Corp., W. Main. St. 
Stamford, Conn. 
9.9018-0.0025 hp, 3000-10,000 rpm 

Schaevitz Engineering, P. O. Bo: 
oie LL Sun 
1/50-3 hp, rpm 

Servo Tek Products Co. Inc., 1086 Goffle 
Rd., Hawthorne, N. J. 

1/20 hp, 0-3600 rpm 
at’ Mfg. Co., P. O. Box 275, Wayne, 


0-14 hp, 0-50,000 rpm 
a Instruments Inc., 170 Pearl St., 
th Braintree 85, Mass. 
0-1500 rpm 
Transco Products Inc., 12210 Nebraska 
Ave., Los Angeles 25, Calif. 
0.0001-10 hp, 1000-50,000 rpm 


Universal Electric Co., Owosso, Mich. 
1/200-1/20 hp. 1500-7500 rpm 

Western Design, Div. of U. S. Industries 
— Santa Barbara Airport, Galeta, 
0-1/20 hp 

Western Gear ., Electro Products Div., 
132 W. Colorado St., Pasadena 1, Calif. 
0.001-0.05 hp, 4000-i'7,000 

(See Ad, Page 241 
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VEW... detailed DATA 


ON SERVO MOTORS 





Here’s information you can use to increase speed and accu- 
racy in high precision control and measuring equipment . . . a 
fact-filled pages on Holtzer Cabot’s line of R-24 Servo Motors. 

Contains 3 sets of speed-torque, performance curves: (1) 
For four different stator stackings with 115V on botk. windings. 
(2) For four different stackings with 115V on fixed winding 
and 200V on control winding. (3) For 0.7” of stator stacking 
with 115V on fixed winding and 200V, 100, and 50 on control 
winding. Gives additional data such as starting voltage, stall 
torque, rotor inertia, acceleration at stall, etc. 


The R-24 Line has stator cores of 2.4” diam., available with 
stacking lengths of 0.5”, 0.7”, 1.0” and 1.4”. Models with or 
without gear trains. Send for your free copy of Bulletin 
MO-3.7A. Write: Holtzer-Cabot Motor Division, 125 Amory 
Street, Boston 19, Massachusetts. 


HOLTZER CABOT 


CORPORATION 
125 Amory Street °* Boston 19, Mass. 
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PRODUCT DIRECTORY 


helpful guide 
for the man 
who works with 


SYNCHRONOUS | 


TIMING 
MOTORS! 


6 pages of useful 
information— 
including motor types, 
specifications and technical data. 
An indispensable tool! 
Prepared by Bristol Motors, 
Division of Vocaline Company 
of America, leader 
in the design 
and manufacture of: 


@ AC Timing Motors 
@ DC Timing Motors 
@ Timing Control Products 


BRISTOL © MOTORS 


Division Vocaline Company of America 1 
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Wilson’s of Govind, F O. Box 8995, 
6502 N.W. 16th St, B ‘Lauderdale, 


Fla. 
0.001-0.006 hp, 4000-18,000 rpm 


Servo Motors 


Servo motors are widely used in auto- 
matic control systems as the basic actu- 
ating device. In typical applications, they 
are driven from servo amplifiers, and in 
turn drive a mechanical load through 
gear reduction. 

Their principal performance character- 
istics are linear. Servo motors are designed 
to have high torque and low inertia to 
match the dynamic requirements in servo- 
mechanism applications. 

Servo motors are categorized here ac- 
cording to electrical input. Entries in each 
category are followed by the output power 
and torque range of servo motors available. 


Two-Phase Ac 


imate | Electronic Inc., Instrument Div., 
— * g ~~ Bivd., Culver City, 


Calif. 
28-35.0 w, 0.27-5.0 oz-in. 

Barber-Colman Co., Small Motor Div., 

1300 Rock St. Rockford, Ill. 
0.3-10.0 w, 03-6 oz-in. 

Beckman Instruments Inc., Helipot Div., 
2500 Fuilerton Rd., Fullerto: n, Calif. 

1-4 w, 0-0.7 oz-in. 

Bodine Electric Co., 2500 Bradley Place, 
Chi 18, Ill. 

1 w, L.1 oz-in. 

Borg Equipment Div., Amphenol-Borg 
p Corp., 120 S. Main St., Janes- 
ville, Wis. 

10-14 w, 2-45 oz-in. 

Bowmar Instrument Corp., 8000 Bluffton 
Rd., Ft. Wayne, Ind. 

5.0 w, 0.35 oz-in. 


(See Ad, Page 262) 
Cie Mfg. Co., 205 Factory Rd., Addison, 


75-28 w, 0.8-1.6 oz-in. 


Cedar Engineeri Div., Control Data 
Foe W ” Sth St., Minneapolis 16, 
inn. 


0.1-2.0 oz-in. 

Clifton Precision Products Co. Inc., 5050 
State Rd., Drexel Hill, Pa. 
1.2-5.0 w, 0.16-0.60 oz-in. 


(See Ad, Page 224) 


C & H Sales Co., 2176 E. Colorado St., 
Pasadena 8, if. 
4-25 w 


(See Ad, Page 244) 


Daystrom Inc., Transcoil Div., Worcester, 


a. 
1.7-9.0 w, 1/10-2.4 oz-in. 

Eastern Air Devices Inc., 385 Central Ave., 
Dover, N. H. 

0.3-25 oz-in. 

Thomas A. Edison Industries, McGraw Edi- 
son Co., Instrument a a 51 Lakeside 
Ave , West Oran 
21-95 w, 0.18-2. AA 


Migrate, tages, Coa. tan, Cong: Aa 


S10 see toe oz-in. 
Electric S Co., 211 South Stam- 
ford, an a 


Ford Instrument Co., Div. of Sperry Rend 
Ate Ave., Long Is- 


10 w, 135 oz-in. 


General Motors Corp., Delco Appliance 
Hoel 391 Lyell Ave., Rochester, N. Y. 


8 oz-in. 
Par tho. 2233 Federal Ave., Los An- 
es 64, if. 


w, 0-48 oz-in. 
Giannini Controls x 1600 S. Moun- 
tain Ave., Duarte, if, 
0.2-25 w, 0.1-1000 oz-in. 
Harowe Servo Controls Inc., Westtown 
~ at West Chester Pike, West Chester, 


50-182 w, 0.2-2.4 oz-in. 


Holtzer Cabot Corp., 125 Amory St., Bos- 
ton 19, Mass. 
0.5-1.6 w, 18-5 oz-in. 


(See Ad, Page 235) 


etics Corp., De Div., 570 
te Ae appeal @ 4 
0-5 oz-in. 


(See Ad, Page 261) 
Kajenen Motor Corp., Mill St., Dublin, 
a. 
3.0-50 w, 0.1-10 oz-in. 


(See Ad, Page 256) 
agg fen mn Roswleres Ce 


rown Instrumen 
Windrim Aves., Philadelphia 44, “be 
12 w, 10-105 oz-in. 


(See Ad, Page 257) 


Heinz Mueller Rognemt Co., 4725 W. 

Iowa St., Chicago 5 "Te 
1-20 w, 0.02-14 =. 

Muirhead Instruments me, 441 Lexington 
Ave., New York 17, N. Y 4 
4-35 w, 0.1-18 oz-in. 

Norden Div., United Aircraft Corp., Nor- = 
walk, nn. 

18 w, 2.4 oz-in. P 

Ragating Componeny tp Inc., 1560 Fifth Ave,” 


IMC Ma 
os. 


20 w, 3 oz-in. 
Sangamo Monte Gr 

Ave., Spri 

0-80 w, 0-1 


(See pee Page 223) 


Schaevitz neering, P. O. Box 05, 
Camden 1, N. J. 
0.5-5000 w, 0.1-500 oz-in. 


Servo-Dynamics Main St., Somers 
eNO i 
0.5-30 w, 0.1-10 oz-in. 


Servomechanisms Inc., 
gl Prospect Ave., 


Drs w, 0.1-0.6 oz-in. 
1 Mfg. Co., P. O. Box 275, Wayne, 


0-50 w, 0-20 oz-in. 


Sigma Instruments Inc., 
th Braintree 85, 85, Mass. 
0.25-30 w, 1-6 oz-in. 


— Electric Co., 83 Laurel St., B 
nn. 
50-1000 oz-in. 
Western Design, Div. of U. S. Indust 
Inc., Santa Barbara Airport, 


Calif. 
5-100 w, 0.5-20 oz-in. 


llth & N. Grand” 


téechatrol oi 
Wenbury, Le 


170 Pearl St, 
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5 REASONS WHY 


manufacturers and users 
of electric motors specify 


LIxON 


MOTOR CONTROLS 


1. BETTER CUSTOMER RELATIONS 


because of reduced bother and expense of repairs 
and downtime. 


2. GREATER ELECTRICAL SAFETY 
because of fewer motor burnouts 


3. LOWER TOTAL MOTOR COST 


because of reduced installation and 
maintenance expense 


4. PROMOTABLE COMPETITIVE 
ADVANTAGES 


because of longer trouble-free motor life 


5. LONGER WARRANTY PERIODS 


because of reduced incidence 
of motor failure 





ALS & CONTROLS INC. A Corp: 


a ba WI RAL-tlele: 


of TEXAS INSTRUMENTS INCORPORATED 


ee 





























































... SPECIFY 


KLIxoON 


INHERENT 
OVERHEAT 
PROTECTORS 


.. economical 
safeguard 
against 


motor burnout 


MOTOR BURNOUTS ACCOUNT FOR 25.8% OF AIL 
ELECTRICAL FIRES, according to the latest pub- 
lished reports (1956-1959) of the Inter- 
national Association of Electrical Inspectors. 
This gives motors the sorry distinction of be- 
ing the largest single cause of electrical fires. 


WHAT CAUSES MOTOR BURNOUTS? The answer 
is simple. Insulation deteriorates when over- 
heated. In fact, each 10°C increase in tem- 
perature above rated limits approximately 
halves insu!ation life. The electrical industry 
knows this and has set standards aimed at 
keeping temperatures under control. 


WHY MOTOR BURNOUT PROTECTION ? 


WHY, THEN, DO SO MANY MOTOR BURNOUTS 
occur? Because industry standards place too 
much reliance on remotely located over- 
current protection devices: fuses, circuit 
breakers, overload relays and the like. Their 
use is predicated on the theory that over- 
heating is primarily caused by overcurrent 
from locked rotor, stalling, extremely heavy 
overloads and single-phasing of three-phase 
motors. Facts do not support the theory. The 
repair records of 10 motor service shops 
between 1951 and 1961 show that 36.2% of 
the motors protected by remote overcurrent 
devices failed because of burnouts. 


WHY INHERENT MCTOR PROTECTION ? 


ONLY A BUILT-IN, TEMPERATURE-RESPONSIVE 
PROTECTOR GETS TO THE HEART OF THE BURNOUT 
PROBLEM. It’s easy to understand why. All 
motor ratings are expressed in terms of wind- 
ing temperature. Moreover, motor life is a 
function of winding temperature. Therefore, 
the logical approach to overheat protection 
is to start with a device that responds to 
winding temperature. 

Yuu HAVE TWO BASIC CHOICES . . . thermostats 
and inherent protectors. Thermostats, how- 
ever, do not give full burnout protection. 
They require help from remote current- 
responsive devices. In some cases, a winding 
thermostat plus a supplementary overload is 


the ideal protective team. More often, though, 
an inherent protector is the wisest choice. 


WHAT IS AN INHERENT PROTECTOR? It is a device 
that responds to both winding temperature 
and motor current. Located on the winding 
or internally mounted, it senses the tempera- 
ture that deteriorates insulation and responds 
before damage is done. So, it protects the 
motor against all 11 causes of overheating 
and burnout: locked rotor, stalling, extremely 
heavy overloads, single-phasing, running 
overloads, plugging, reversing, increased am- 
bient temperature, blocked ventilation, line 
voltage fluctuations and gradual temperature 
rise. 


WHY KLIXON MOTOR PROTECTORS ? 


A COMPLETE LINE! Klixon protectors include: 
hermetically sealed on winding and internally 
mounted line-break inherent protectors for 
single and three-phase refrigeration motor 
compressors; epoxy-sealed, line-break ther- 
mal on-winding protectors for single-phase 
fractional horsepower motors; end-bell or 
dome mounted thermal protectors for single 
phase and three-phase motors; hermetically 
sealed, pilot duty thermostats for use with 
supplementary overload on single and three- 
phase motors; supplementary overloads for 
use with winding thermostats on single and 
three-phase motors. 

A TIME-TESTED LINE! To date, more than 
200,000,000 KLIXON single-phase Protec- 
tors have been employed in such applications 
as residential oil burners, dishwashers, waste 
disposers, washing machines, refrigerators, 
air conditioners and water pumps. KLIXON 


three-phase Protectors are also standard com- 
ponents in UL/approved lines of motors and 
motor-compressor units. (Names on request.) 
Other motor manufacturers have completed 
engineering application testing and can in- 
clude KLIXON Protectors if specified. 

AN ECONOMICAL LINE! KLIXON Motor Pro- 
tectors are easy to justify from the standpoint 
of cost. The value they add to motors and 
motorized equipment far exceeds their price 
... greater safety, fewer burnouts, lower 
repair bills and the rest. Beyond that, in the 
case of three-phase motors, they actually save 
more than they cost. Figure it out for your 
self. Look at the installed costs of magnetic 
starters, magnetic contactors, manual starters 
with overloads . . . mostly in the $25. to $50. 
range. The installed cost of KLIXON three 
phase inherent thermal protectors rang 
from $5. to $10.00. 
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KLIxON snap-action CONTROLS 





HERMETIC PROTECTOR 


For internal mounting in 1 phase 
and 3 phase refrigeration motor 
compressors. 


* Base sizes. 
1 & — %”, 1%”, 142”. 
3d — %”, 1%”. 

* Locked Rotor rupture. 


1 & — 37 amp/230V to 
135 amp/230V. 


3 & — 43 amp/220V to 
125 amp/220V. 


* Horsepower range: 
1¢— ¥%to5. 
3¢— %to7h. 


WRITE FOR BULLETIN MOPR-16. 


7896 ON-WINDING 
PROTECTOR 


* Used as a line break control. 
Suitable for mounting inside 
hermetic motor compressors. 
Designed to withstand environ- 
ments existing in hermetic 
systems. 


* Mounted on windings. Hermeti- 
cally-sealed by glass header. 
Suitable for dip and bake on 
open-type motors or epoxy en- 
capsulation of open-type motors. 


* Locked rotor rupture — 50 amp/ 
115V to 45 amp/230V. 


° oe range—fractional to 
1 H.P. 


WRITE FOR BULLETIN DD-MOPR-18. 








2 AM TYPE ON-WINDING 
PROTECTOR 


* Used as a line break protector 
in all types of single phase frac- 
tional horsepower motors. 


* Mounted on windings. Sufficient 
seal for standard dip and bake 
process. 


* Locked rotor rupture —- 50 amp/ 
115V to 37 amp/230V. 


* Horsepower range — fractionals 
through 1 H.P. 


WRITE FOR BULLETIN MOPR-19. 





9700 ON-WINDING 
PROTECTOR 


* Used in shaded pole and per- 
manent split capacitor motors, 
solenoids, transformers, fluores- 
cent ballasts. 


* For pilot duty or line break (low 
capacity). 

* Mounted in stator slots or on 
windings. Epoxy sealed, can be 
varnished with windings. 

* Maximum contact rating — 

$700H 18 amps/115V, 
13 amps/230V. 


9700L 12 amps/115V, 
9 amps/230V. 


* Nominal opening temperatures 
+75°C through +135°— 
in approx. 5 degree steps. 


* Horsepower range — 1/100 to 
1/4. 


WRITE FOR BULLETIN MOPR-10. 





MOTOR PROTECTOR 


* End bell or dome mounted on 
appliance motors, power equip- 
ment motors, most all split 
phase, capacitor start, and re- 
pulsion induction motors. 


* Five base sizes — 42”, %”, 1”, 
a”, 142”. 


* Locked rotor rupture — 12 amp 
230V to 175 amp/115 V. 


* Horsepower range — fractional 
to 7%. 


WRITE FOR BULLETIN MOPR-1. 





MOTOR PROTECTOR 
KLIXON TYPE T 


* End beli or dome mounted on 
split phase or capacitor start 
motors. 


* Protection for all over-heat 
conditions. 


* One inch disc size availiable. 


¢ Locked rotor rupture — 50 amp/ 
115V and 37 amp/230V. 


* Horsepower range — ¥ to ¥. 
WRITE FOR BULLETIN MOPR-4. 


MOTOR PROTECTOR 


* End bell or dome mounted on 
Y connected 3 phase induction 
motors. 


* Four base sizes—%”, 1”, 1%", 
15%”. 

* Locked rotor rupture — 28 amp/ 
440V to 270 amp/220V. 

* Horsepower range — 1/6 to 15. 


WRITE FOR BULLETIN MOPR-1. 











7895 ON-WINDING 
THERMOSTAT 

* Temperature responsive motor 
protector for pilot duty. Used in 
conjunction with supplementary 
overload on 1 phase and 3 phase 
motors for complete motor pro- 
tection. Also can be used for line 
break applications. 


* Mounted in stator slots or on 
windings. Hermetically sealed by 
glass header, can be varnished 
with windings. 


* Locked rotor rupture — 9 amp/ 
230V to 18 amp/115V. 


* Temperature opening on pilot 
duty — +75°C to +135°C. 


° peeepeuer range — 1/100 to 
/4. 


WRITE FOR BULLETIN MOPR-17. 








2TM RATE-OF-RISE 
THERMAL SENSOR 


¢ Pilot-circuit protector for single- 
phase and polyphase integral hp 
a-c motors. 


* Responds directly to winding 
temperature increases caused by 
all heating conditions. 


* Hermetically sealed. Can be var- 
nished and baked within stator 
winding. 


¢ Temperature openings — for 
insulation classes A B F and H. 


WRITE FOR BULLETIN DD-MOPR-20. 








SUPPLEMENTARY 
OVERLOAD 


* Designed for use with motor 
winding thermostat 7895. Gives 
locked rotor protection, 1 phase 
or 3 phase motors. 


¢ Current capacity 7-75 amp. 
* Horsepower range — 2 to 15. 


WRITE FOR BULLETIN SUPO-1. 
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SPECIFY LIxON MOTOR STARTING RELAYS 


for split-phase and capacitor-start motors 





Originally designed for single-phase motor compressor units, magnetic or thermal — are engineered and produced for at 
least 1,000,000 cycle life at 5, 7 or 10 amp contact rating. 
Because they’re fully enclosed, dust, dirt and grease can’t 
contaminate contacts. This increased assurance of dependa- 


bility lifts their value far above their initial cost. 


these dependable relays are now being used in appliances, 
oil burners and other domestic and commercial applications. 


Why? Because these fully enclosed starting relays — 


CHOICE OF FOUR SERIES 


9660 SERIES 
MAGNETIC TYPE RELAY 


* Pick-up current value (main wind- 


ing) to 24.4 amp. 


* Switching current (start winding) 
— 10 amp/115V max. 


* Write for BULLETIN STRE-3. 


& & 


MAGNETIC TYPE RELAY 


* Pick-up current value (main wind- 
ing) — 6.3 to 34.7 amp. 


* Switching current (start windire) 
— 25 amp/115V max. 


* Write for BULLETIN STRE-4. 


9620 SERIES 
THERMAL TYPE RELAY 


* Minimum running current (main 
winding) — 1.5 amp (shunt burn- 
out—approx. 60 amp/115V max.). 


* Switching current (start winding) 
— 10 amp/115V max. 


* Current capacity — 
5 to 25 amp/115V. 


* Write for BULLETIN STRE-5. 


9940 SERIES 
THERMAL TYPE RELAY 


* Also used as thermal switch for 
line current and supplementary 
circuits. 


¢ Minimum running current (main 
winding) — 4 amp (shunt burn- 
out — 60 amp/115V max.). 


* Switching current (start winding) 
— 24 amp/115V max. 


* Write for BULLETIN STRE-7. 








Western Gear Corp., Electro Products Div., 
132 W. Colored ‘St, Pasadena 1, Calif. 
0.7-1 w, 04-62 oz-in. 

(See Ad, Page a 






Wright Machinery Co., ot Seary 
et Coe. Calvin e Hellowas Se, 
wo N. 

2-18 w, 0.2-3 , ae 


at Direct Current 


, American Electronics Inc., Electro-Me- 
‘. chanical Div., 1596 E. Ross Ave., Fuller- 


a- ton, Calif. 
1/1500-1/20 w, 4000-28,000 oz-in. 
The Bendix Corp., Montrose Div., South 


Montrose, Pa. 
0.3 oz-in. 


Clifton Precision Products Co. Inc., 
State Rd., Drexel Hill, Pa. 
3.7-52 w, 0-1 oz-in. 
(See Ad, Page 224) 


C & H Sales Co., 2176 E. Colorado St., 
Pasadena 8, if. 
3-100 w 
(See Ad, Page 244) 


Electric Specialty Co., 211 South St., Stam- 
ford, Conn. 


General a —7 Specialty Motor 
Dept., Ft. Wayne, § 
1/10-4 hp 
(See Ad, Page 255) 
General Motors Delco ; <a 
Div., 391 Lyell Ave., ag eo : 
w, 5-80 oz-in. 


Giannini Controls 
tain Ave., Duarte, 
0.3-100 w, 0.1-2000 oz-in. 


The Haydon Instrument Co., 
St., Waterbury 20, 
0-50 w, 0-5 oz-in. 


Holtzer Cabot Corp., 125 Amory St., Bos- 
J ton 19, Mass. 

05-1.6 W, 18-5 oz-in. 

(See Ad, Page 235) 

. IMC Magnetics Corp., ee Ot. 6058 
Walkes Ave Ave., Maywood, Cal 


oz-in. 


(See Ad, Page 261) 


Mnland Motor Corp. of Virginia, 347 King 
: - maison Mass. 


5050 


, 1600 S. Moun- 


17 Brown 





















Heinz Mueller Engineering Co., 4725 W. 
' Towa St., Chi 







05-50 w, 0.01 oz-in. 

ho on 33 Sea Cliff Ave., 
Glen Cov 

' 35-2500 w, =. 3000 oz-in. 






P. O. Box 505, 


i itz 
05-5000 TN Le oz-in. 
> Tek Products Co. Inc., 1086 Goffle 
Ha N. J. 


Rd., 
5 w, 0.5-100 oz-in. 
Memon Mfg. Co., P. O. Box 275, Wayne, 
> 0-500 w, 0-100 oz-in. 


fa Instruments Inc., 
outh Braintree 85, Mass. 
5-30 w, 1-6 rpm 


filson’s of Cleveland, O. Box 8995, 
HI 502 NW. 16th St., For Lauderdale, 


5-12 w, 0.1-0.7 oz-in. 










170 Pearl St., 
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4—-SPECIAL MOTORS & MOTOR THERMAL PROTECTORS 


Timing Motors 


Timing motors are small constant-speed 
motors with a usable power output and 
used as a prime mover for a timing de- 
vice. The two basic types of ac timing 
motors are the hysteresis and synchronous 
inductor. De motors are available in both 
governed and ungoverned types, 

Timing motors are often combined 
with a gearhead unit for use in applica- 
tions requiring higher output torque, lower 
output speed, or both. 

Timing motors are categorized here ac- 
cording to electrical input. Entries in each 
category are followed by horsepower and 
speed range of timing motors available. 


Ac Synchronous 


Alliance Mfg. Co., Lake Park Blvd., Alli- 
ance, io 
1/400-1/100 hp 

<“merican Electronics Inc., Electro-Me- 
ae ng ay ty 1596 E. Ross Ave., Ful- 
17 1300-1720 hp, 4800-24,000 rpm 


Sorter ee Co., Small Motor Div., 
300 Rock St., Rockford, Il. 
17200-17100 hp, 3600-17360 rpm 


— — 2500 Bradley Place, 


17/2008. 1/18 be hp, 600-3600 rpm 


"Blac Equipment Div., Amphenol-Borg 
ag 7 120 S. Mai- St., Janes- 


1/2000. 1/'500 hp, 1800-3600 rpm 


om Instruments, Div. of Amphenol-Borg 
ectronic —s 902 Wisconsin St., 
Delavan, 
60 =a, 730-150 rpm 
(See Ad, Page 236) 
Bristol Motors Div., Vocaline Co. of 
ee 5 Inc., 108 Coulter St., Old Say- 


Conn. 
Pre tebe: hp, 1/60-1800 rpm 
ter ee Div., Control Data 
1e "Ree 36th St., Minneapolis 
8000-12,000 rpm 
Clifton Precision pos Co. Inc., 5050 
State Rd., Drexel a Pa. 
0.007 hp, 4000 
(See Ag. Page 224) 
Cramer Div., ee Controls Corp., 
ps imgy Pome és 
oz- rpm—I rev y 
(See Ad, Page 250) 
ay = os 2 nag A & 2717 N. 
Ave., Chi 
Wo hp, 2 S foo ag 
EMD fog ny Inc., 1410 E. 289th St., 


yo vy | 
Ford Instrument Co., Div. of Sperry Rand 
Ps, an, IE 
ey 
General Electric Co., Clock & Timer 
., 24 Homer Ave., Ashland, Mass. 
‘Gee Ad, Page 255) 
General Time Corp., Ha Div., 245 


E. Elm St., Ti 
0.000006-0.00003 1/60-60 rpm 
(See Ad, 262) 











Memo 


CHECK WESTERN GEAR 
FOR MOTOR PROBLEM 
SOLUTIONS 














Aircraft type motors. Typical applications, 
pumps and actuators; DC and 400 cycle AC, 
diameters 2” to 5”, Ye to 5 HP; can be 
equipped with gearheads and brakes. 





General purpose Mil-spec type motors. Used 
in airborne and ground systems; 60 or 400 
cycle, diameters 2%", 3%” and 4%”, 1/250 
to 1% HP; can be equipped with fans or 
blowers. 


Oo 


Special hysteresis synchronous motors. Used 
to drive memory drums and tapes for data 
processing; diameters 2” to 8”, pancake or 
conventional design. Patented features offer 
high torque, efficiency and power factor; no 
drift. 








Miniature AC and DC motors. Applications — 
aerospace and avionic equipment; diameters 
%” to 2”, up to .07 HP; supplied with gear- 
heads, brakes, governors, radio noise filters, 
blowers and fans. 


Call Western Gear for custom designed 
rotary electrical equipment for any type of 
installation. Also consult Western Gear for 
fine-pitch precision gears and assemblies. 
WESTERN GEAR CORPORATION, Electro 
Products Division, 132 West Colorado Street, 
Pasadena 1, California. Tel. MUrray 1-6604. 














GET IMMEDIATE ACTION 
SERVICE AND DELIVERY 


from 
GLEASON.AVERY 





Famous For Quality 
Motors — like the 
500 SERIES 


with shaft speeds from 
900 RPM fo I Revolution 
Every 90 Days 











AVAILABLE: 2 Pole, 4 Pole 


@ Synchronous, Non-Synchronous 


®@ Torque to 240 Inch Ounces 
Also in 2 Speed Motors in 2 and 
4 Pole Speeds — Changes by Use 
of DPDT Switch. 








J a 
Return Motor — #3118 


Ask for Complete Catalog 


GLEASON-AVERY 


‘isis 
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Cue Dn, 2233 Federal Ave., Los An- 
ins | 15 hp, 0-24,000 rpm 
epee teary Inc., 29 Clark St., Auburn, 


N 
emcee hp 1800 rpm 
See ‘Ad, Page 242) 


Globe Industries = P. O. Box sm, North 

on Station, Da zon babu 
1/ Mt 100 00 hp, 1800. 
Page = 


Hansen Mfg. Co. Inc., 1934 Virgil Blvd., 
a 10, Ind. 


0 wt ow OF Lr, 


Harowe Servo Controls Inc., Westtown Rd. 
at West Chester Pike, West Chester, Pa. 
0.005-0.017 hp, 6000-12,000 rpm 


A. W. Haydon Co. 232 N. Elm St. 
Waterbury 4, Conn. 
1/1500-1/130 yy rph-3000 rpm 
(See Page 229) 


Hurst Tool & Mfg. Co., RFD 46, Prince- 
ton, Ind. 
40-1300 oz-in., 3600 rpm-1 rph 


IMC Ma — Corp., ee Div., 570 


Main a sbeg 
a Baoe 26 261) 
“as Motor Corp., Mill St., 
0.001 -0.008 hp, 1800-2400 


Dublin, 


(See Ad, Page 
Lake City Inc., Crystal Lake, Il. 
35 oz-in., | rph 


Martronics Inc., 82 Sanford St., Hamden 
14, Conn. 
0.002-0.20 hp, 1-24,000 rpm 

ay. eon | a Co., 213 N. Morgan St., 


1/1/30 rg Pee he 


Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div., Wayne & 
Windrim Aves., co 44, Pa. 


2-36 "hs 
See Ad, Page 257) 


Motordyne _ Barry Ave., Los An- 
Eijs0 & hp, 1800 rpm 


Muirhead Instruments Inc., 441 Lexington 

Ave., New York 17, N. Y. 

1/750-1/60 hp, 3-8000 rpm 
Paragon Electric Co., 1600 12th St., Two 
Rivers, Wis. 
5-30 oz-in., | rpm 
— mpooy Inc., 1560 Fifth Ave., 

1/30 hp, 3 3000 rpm 
Sangamo Electric Co., llth & N. Grand 
Ave., Spri 
1/300 a {200-3410 com 

Ad, Page 22 223) 


Servomechanisms Inc., Mechatrol Div., 
1200 Prospect Ave., Westbury, L. L, 


N. Y, 
1/1500-1/20 hp, 6000-24,000 rpm 
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0-1/50 hp, 0-24,000 rpm 


Si Instruments | 170 Pearl 
th Braintree 85, Mass. Ste 
rpm 


Sepestes Electric Co., 83 Laurel St., Bris- 


1, Conn. 
17100-1/10 hp, 72 rpm 


Western Gear Com., Electro Products Div., 
132 W. Colorado St., Pasadena !, Calif. 
0.001-0.05 Po 8000-1 2.000 rpm 

See Ad, Page 241) 


Governed Dc 


American Electronics Inc., Electro-Me. 
enya Div., 1596 E. Ross Ave., Ful- 
erto 
_ Sa by 200 


glo ., 4323 N. Ravenswood A’ 
Cees TS, I 7" 
0.001 1500 rpm-l rev per day 


— Colmes Co., Small Motor Diy., 
, Rockford, Ill. 
171000.1/50 ke 1800-9000 rpm 


The Bendix Corp., Montrose Div., 
Montrose, Pa. 
1/100 hp, 10,000 rpm 

ss & Co. inc., 670 Milton Rd., Rye, 
120,000 hp 

Bristol Motors Div., Vocaline Co. of Amer- 
ica Inc., 108 Coulter St., Old Saybrook, 


125000 hp, 1/60-! 
(Ree Ady Page 236) 


South 


~‘Chicgs 4 | Gr 2711 W. George St, 
i 


1/25,000 hg 1/0 /60-¥;, cpm 
age 260 


Clifton Precision Hero © Inc., 5050 
State Rd., Drexel Hill, 


0.005-0007 opie jorbo 00 pm 
Corent <2, Delco Appliance 
Div., 391 yal Ave., Rochester, N. Y. 
0.006 hp, 1-12,000 rpm 


oe Industries Inc., P. O. Box 101, North 
on Station, AT 4, Ohio 
1730-1710 hy Fy 1 say rpm 


A. W. peyee Ce py 232 of Elm St, 
1/140-70 b rph-3000 
rpm 
Ra pace 229) 


etics Corp., oe Div., 570 
a , Westbur 60 
Ht 


1/00-17% oe, 50 
Martronics ae 2 Rea St., 


14, Conn. 
0.002-0.20 hp, 1-24,000 rpm 


are ay og Cail — Barry Ave., Los An- 
, Cali 
B70 hp, 3690 rpm 


Servo Tek Products Co. Inc., 
Rd., Hawthorne, N. J. 
1/500 hp, 0-3600 rpm 


Siemon Mfg. Co., P. O. Box 275, Wayne, 


0-1/50 hp, 0-30,000 rpm 


Western Gear Corp., Electro Products Div, 
= Bs fon S00 TI oe 1, Calif. 
(See Ad, Ad, Page o4ty 


Hamden 


1086 Goffle 


a Mfg. Co., P. O. Box 275, Wayne, 














Re 


ont 
ive, 
iv., 
uth 


Rye, 


ance 


orth 








Ungoverned Dc 


American Electronics Inc. Electro-Me- 
chanical Div., 1596 E. Ross Ave, Ful- 


ait ty} 

1/1500-1/20 hp, 4000-28,000 rpm 

Bodine Electric Co., 2500 Bradley Place, 
Chicago 18, Ill. 


1/50-1/6 by, 1125-3660 oz 


a : Co. Inc., 670 Milton Rd., 


136,000 1 hp 


Bristol Motors Div., Vocaline Co. of Amer- 
ica Inc., 108 Coulter St., Old Saybrook, 


Conn. 
1/25,000 hp, 1/60-1800 rpm 


Clifton Precision Products Co. Inc., 5050 
State Rd., Drexel Hill, Pa. 
0.005-0.007 hp, 20,000 rpm 
(See Ad, Page 224) 
Cramer Div., Giannini Controls Corp., 
0 in 300 se “1/12 rph 
oz-in. rpm- 
See Ad, Page 930) 


General Motors Corp., Delco Appliance 
Div., 391 Lyell Ave., Rochester, ; 
0.006 hp, 1-12,000 rpm 


General Time Corp., Ha A Div., 245 

E. Elm St., Torri = 
0.00004 hp, 1/60- 
See Ad, Page 26 260) 


Globe Industries Inc., P. O. Box 101, North 
Dayton Station, Da n 4, Ohio 
1/2000-1/10 hp, | 25,000 rpm 


A OW. apg Co., 232 N. Elm St. 

Waterbu Conn 

U0 1710 by _ 
‘age 229 


The Haydon Instrument Co., 17 Brown 
St., Waterb 20, Conn. 
0-1/40 hp, 0-15,000 rpm 


IMC Magnetics Corp., Eastern Div., 570 
00-0," by 3000-16,000 + 
> (See Ad Ad, Page 261) 
Martronics Inc., 82 Sanford St., Hamden 
14, Conn. 
0.002-0.20 hp, 1-24,000 rpm 
arog pe Be, 2221 Barry Ave., Los An- 
if. 
Bi7i0 1 10 hp, 3600 rpm 
«oe Mfg. Co., P. O. Box 275, Wayne, 
0-4 hp, 0-30,000 rpm 
Western Gear Corp., Electro Products Div., 
132 W. Calenede "St, Pasadena 1, Calif. 
0.001-0.05 hp, 4000-1'7,000 
(See Ad, Page 241)" 


Wilson’s of Cleveland, P. O. Box 8995, 
6502 N.W. 16th St. Fort Lauderdale, 


Fla. 
0.001-0.006 hp, 4000-18,000 rpm 


Stepping Motors 


Stepping motors, also known as stepper, 
inductor impulse and digital positioner 
motors, are devices that respond to ran- 
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4—SPECIAL MOTORS & MOTOR THERMAL PROTECTORS 


Where reliability is important... 


specify Jack & Heintz 


DESIGN YOUR PRODUCT 


TO DO A JOB... 


NCT TO 
FIT A 
MOTOR! 


How will you have your motor ? 


Flattened out slab-thin? De- 
signed for special torque? Sub- 
mersible? Or invisible? Want it 
to thrive on “gook”? Or do you 
just want it to keep quiet? 








J&H Customized Motors are built 
to meet problems of individual 
design, exacting operating con- 
ditions and “impossible” space 
limitations. A-C induction motors, 
single-phase and three-phase, 
in ratings up to 3 h.p. (up to 
15 h.p. for submersible motors). 
The cost is moderate—even in 
moderate quantities. 


space and ordnance 
applications. 


We also design and build 400 cycle 
and 28 volt DC motors for aero- 





Special low silhouette 
motors to meet specific 
space limitations of di- 
ameter, length or height. 















Submersible motors 
or parts with length/ 
diameter ratios to 
fit special require- 
ments. For operation 
in water, oil, gaso- 
line, or other fluids. 


Special motor parts to 














Special flange construction for hydraulic 
pump applications. Motor design to be 
polyphase and capacitor with special 
machined shafts, mounting arrange- 
ments and other mechanical elements. 


Send for your free copy 


This illustrated brochure will give you a lot of 
helpful information. It points out how motor com- 
ponents and characteristics can be tailored'to 
your product envelope, and indicates relative 


costs for each modification. 


meet exacting design 
requirements — torque, 
envelope, temperature 
and atmosphere. 

















Sack & HMeErinirz 


A DIVISION OF THE SIEGLER CORPORATION 


17607 BROADWAY + CLEVELAND 1, OHIO 
Phone MO 2-1000 » TWX CV152 


Circle E-S5 on Page 149 








PRODUCT DIRECTORY 





U. S. GOVT. ELECTRONIC SURPLUS 
SMALL 24-28VDC 
GEAR-REDUCED MOTORS 





2 RPM, Mfg. G.E., SBAIOFJ228; 24vdc, .60; 
gear rat. 5000:1; torque 10 in / bs. Reversible; 
Filtered ry box. Body 5” |. x 1%” dia. 
Shoft 7/16” x Va" di. fetta.” 17 
4 RPM, Mfg. ex. 5BA10FJ421; 26vdc, 659; 
6 oz./in. torque. Reversible. Overcll, 4%" l. 
Shaft V4” dia., ¥” |. “e- 
100 RPM, Mfg. Delco, 5069790; 27vdc 
reversible; governo: controlled, overall 

sions 449” |., 1%" dia., 4” shoft. $1500 
110 RPM, Mfg. G.E., SBAIOAJ18D; bari 070 
1 oz./ft. torque; overall dimen., 3%" 

dia., V4" shaft. 

120 RPM, Mfg. Delco, 5069625; 27vde; gov- 
ernor-controlled; overall dimen., 442" L., Ay 
dia. $15. 
125 RPM, Mfg. Delco, 5067126; 27vde 
governor-controlled; reversible; overall Sines 


42" 1. 1%" dia 

135 RPM, Mfg. G.E. 1BA10F 5246, 28vde; 0.70; 
torque 1 oz./in.; reversible brake; overall 
dimen., 5%" |., 1%” dia. ; shaft size 4%" dia. 
5/16” |., spline. $15.06 
145 RPM, Mfg. Air Equipt., 206-1001; 26vde 
PM; 0.60; reversible; magnetic brake; 


$s; overall dimen., 33%" |., ne/te" die” dio. 
Ye" shaft. $17.50 
145 RPM, Mfg. G.E. SBAIOAJ52; 27vde; 0.70; 
14 oz./in. torque; — shunt-wound; 
overall dimen., 3%” |., 1%¢" dia., shoft 4 
spline. —" 
145 RPM, Mfg. Delco, 5069230; re 
reversible; overall dimen., 3-11/16" lL, ke 
dio., shaft Y%" spline. 

160 RPM, Mfg. Delco, 5068750; 27vdc; cae 
14 o2./in. torque; instant braking; reversible; 
overall dimen. 4%" |., 1¥a" dia., 

spline. 

200 RPM, Mfg. Delco, 5072735; 27vde PM; 
reversible; governor-controlied; overall dimen. 
4a" |., 1%" dia., Ye" shoft. $15.00 
215 RPM, Mfg. G.E., SBAIOFJA01A; pe 
0.70; > i. /in. torque; electric brake; overol 
dimen. 5 1%" dia., Ve" shaft spline. $15.00 
250 RPM, yt G.E., 5BAIOAJ8; 27vde; 0.80; 
8 oz./in. torque; reversible; overall Si 


3%" |., 1%" dia, Ve" 
250 RPM, Mfg. G.E., SBAtOA7, a 


wound; ‘0.8; reversible; 8 torque; 
overall dimen. 3%” |., 1%” die, "igs shoft 

spline. $10.00 
250 RPM, Mfg. Delco, ma gee BH Z7vde PM; 
reversible; 6 oz./in. torque; overall dimen. 
3%" |., 1%" dia., 4%" spline shaft. $12.50 
250 RPM, Mfg. Delco, 5068820; 27vde PM; 


reversible; 6 o2./in. torque; overall dimen. 
3%” |., 1%" dia., Ve" spline shoft. $12.50 
250 an. Mfg. Delco, ‘5067127, 27vde PM; 
reversible; 6 oz./in. torque; overall dimen. 
3%" |, 1%" die., Ve" shaft. $13.50 
250 RPM, Mfg. G.E. SBA10FJ224A; 27 vdc; pee 
reversible, 24 o2./in. torque; overall dimen 
1%” dia., Va" shaft. 1 
r RPM, Mfg. G.E., SBAIOFJ250; 26vde; 20; 
reversible; 45 o2./in. torque; broke & external 
filter; overall dimen. 7", 1%%" dic., anh, 
threaded, 2” |. $1 


412 RPM, Mfg. Delco, 5084850; 27vdce PM, 
reversible; overall dimen. 3%” |., 1%" dia, 
shaft Ve". $20.00 
575 RPM, Mfg. G.E., SBAIOFI2Z26A; 27 vde; 
1.10; reversible; 5 oz./in. roa tor has 
27vde clutch. Overall dimen. 6” I., 4 dia. 
Ya" spline shaft. 15.06 


575 RPM, Mfg. Delco, 5069800; 27vde PM; 


yee overall dimen. 6%" I., Beg 
Ve" spline shaft; governor: -controlied 
Sve cluteh. $17.56 


full amount erder = please. 
An peices not F-O.D. Pesodece, Colt,” 








C&H SALES CO 
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dom input pulses to provide a predeter- 
mined output-shaft angle displacement. 

They are used as pulse counting devices 
and as positioning drives for switches, 
synchros, potentiometers and counters. 

Stepping motors are categorized here 
according to electrical input. Entries in 
each category are followed by torque and 
stepping frequency ranges of stepping mo- 
tors available. 


Alternating Current 


_ .~ Co., 1635 Broadway, Ft. 
15, 1a & 350 ox:ins I ay 
(See 


Pace Controls Inc 
Needham sa 
1-240 oz-in., 


Sigma _ Instruments alg 
th Braintree 85, Mass. 
12-5.0 oz-in., Pps 


Superior Electric Co., 83 Laurel St., Bris- 
tol, Conn. 


50-1000 oz-in. 


B. A. Wesche Electric Co., 9027 Shell Rd., 
Cincinnati 36, Ohio 
16-3200 oz-in., 0-10 pps 


ce ee re Ave., 


170 Pearl St., 


Direct Current 


aeons Development Corp., Culver 
ity, ' 
0.5-10 oz-in., 250-1590 pps 


Clary Dynamics, 408 Juni St, San 
Gabriel, Calif. — 


2 oz-in., 30 pps 

Curtiss-Wright Corp., Electronic Div., 
Components Dept., 35 Market St., East 
Paterson, N. i 
20 oz-in., 10 & 25 pps 

Electric Tachometer Sop. 68th & Upland 
St., Philadelphia, Pa. 4 

Electromechanical Specialties Co. Inc., 
Whittier, Calif. 
2oz-in., 30 pps 

Farnham Div. Wiesner 


Electronics, 
- Con te 1008 Seneca St, Batak 
0-250 oz-in., 0-4000 pps 
Gap Instrument ., 116 E. Merrick Rd., 
peer 


Guan ~~~ Co., 1635 Broadway, Ft. 
15, 150’ & 250 o2-in., 0-1000 ppe 
(See Ad, Page 255) 


G.M. Giannini & Co. Inc., 918 E. Green 
3 idea, 0-190 aps 
A. W. ~~ Co., 232 N. Elm St, 


Waterbury 
0.2 oz-in., 
an 
Corp., 





Land-Air Inc., Su of California 
0-2 oz-in., 6-15 pps 


Macuine Desicn—Tue Execrric Motor Boox 


Ledex Inc. 123 Webster St., Da : 
. yton 2 


3.5-40 oz-in., 0-30 pps 

_ Div., Illinois Tool Works, Chicago, 
64 oz-in., 0-20 pps 

— Syntorque Corp., West Hurley, 
ne sen 208 pps 

as Becca Boon 661 Highland Ave, 
1-240 0z-in., iy 


Servomechanisms Inc., Mechatrol Div, 
oe Prospect Ave., Westbury, L. L 


06-18 oz-in., 0-320 pps 
Si ee Inc., 170 Pearl 
South Braintree 85, Mass. st 
1.2-5.0 oz-in., 0-500 pps 
Suoier Electric Co., 83 Laurel St., 


, Conn. 
50-1000 oz-in., 0-400 pps 


Bris- 


Aircraft-Type Motors 


These motors are built to meet varios 
military or aircraft specifications. Specie! 
materials, or construction, is incorporated 
in motors designed for operation under 
adverse environmental conditions. In some 
cases, extremely close manufacturing tol- 
erances may be required. 

Motors are categorized here according 
to electrical input. Entries in each cate- 
gory carry a letter code denoting horse- 
power range, as follows: 

A. Fractional. 

B. Integral. 


400-cps Ac 


Air Marine Motors 369 Ba A 
— L. CNY. yview ine 


Airborne Accessories Corp., 1414 Chestnut 
A Hillside 5, N. J. 


American Electronics 
chanical Div., 
lerton, Calif. 
A,B 


Inc., Electro-Me- 
1596 E. Ross Ave., Ful- 


Ashland Electric Products Inc. 32-02 


Blvd., Queens, L. L, N. Y. 
(See Ad, Page 248) 
Barber-Colman Co., Small oe Div., 
_ Rock St., Rockford, Il 
Bowmar Instrument Corp., 8000 Bluffton 
Rd., Ft. Wayne, Ind. 
(See Ad, Page 262) 


Cabral Motors Inc., Dalmotor Div., 51 
er Lane, Los ‘Gatos, Calif. 


(See Ad, Page 227) 
Ci Mfg. Co., 205 Factory Rd., Addison, 
> 









C 
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Cedar Engineering Div., Control Data 
Corp., W. 36th St., Minneapolis 
16, Minn. 

A 


C & H Sales Co., 2176 E. Colorado St., 
Pasadena 8, if. 


A, B 
(See Ad, Page 244) 


Daystrom Inc., Transcoil Div., Worcester, 
a. 
A 


Doerr Electric Corp., 510 N. Fourth St., 
Cedarburg, Wis. 
A, B 


Eastern Air Devices Inc., 385 Central Ave., 
Dover, N. H 
A 


Eicor Div., Indiana General Corp., 517 
W. Walnut, Oglesby, Ill 
A 


Electric Indicator Co. Inc., Camp Ave., 
Stamford, Conn. 
A 


Electronic Communications Inc., 1501 72nd 
St. N., St. Petersburg 10, Fla 
A 


Electronic Seortetee Co., Eemco Div., 4612 
eee Ilvd., Los Angeles 16, 
if. 
A,B 
EMD Components Inc., 1410 E. 289th St., 
i. Ohio 


Ford Electronics Corp., 11747 Vose St., 
_— Hollywood, Calif. 


Instrument Co., Div. of Sperry Rand 
., 31-10 Thompson Ave., Long Is- 
land |, N. Y. 


General Controls Co., Industrial Div., 801 
_ Ave., Glendale 1, Calif. 


General Electric Co., Small AC Motor & 
— Dept., Schenectady, N. Y 


(See Ad, Page 255) 


General Electric Co., Direct Current Mo- 
mie  -gameaand Dept., 3001 E. Lake Rd., 
a. 


(See Ad, Page 255) 
General Motors Corp., Delco Appliance 
391 Lyell Ave., Rochester, N. Y. 


General Motors Corp., Delco Products 
a 329 E. First e. Dayton 1, Ohio 


General Time Corp., Haydon Div., 245 E. 
Elm St., Torrington, Conn. 


(See Ad, Page 260) 
Paul E. Gerst & Co. Inc., 4868 N. Clark 
_ Chicago 40, Ill. 


Giannini Controls Corp., 1600 S. Moun- 
a. Ave., Duarte, Calif, 


Globe Industries Inc., P. O. Box 101, North 
een Station, Dayton 4, Ohio 


(See Ad, Page 259) 


Hansen Mfg. Co. Inc., 1934 Virgil Blvd., 
penomon 10, Ind. 


(See Ad, Page 251) 


A W. Haydon Co., 232 N. Elm St. 
penbury 4, Conn 


(See Ad, Page 229) 
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Model No. 87-062 

75 |b-ft torque 

with Dustight-Waterproof 
Enclosure 




















Stearns AUTO-ADJUST 
Electromagnetic Brakes 
Never Need Adjusting 


Stearns new AuTO-ApDJusT brakes are completely self-adjusting — 
automatically maintain the precise air gap for peak performance 
throughout friction lining life. And, with Stearns exclusive Unitized 
Construction, linings can be replaced in minutes with only a screw- 
driver. Even after replacing linings, there’s no need to adjust the 
brake. Thoroughly life-tested and installation-proved on tough jobs, 
these new brakes put an end to costly periodic maintenance. 

Seven sizes, torque range from 10 to 105 lb-ft, standard or 
Dustight-Waterproof enclosures. Also furnished in ductile iron, 
Spraytight-Waterproof enclosures with non-corrosive internal parts 
and marine finish. Compact NEMA “C”-flange motor mounting — 
frame sizes 213C, 215C, 254UC, 256UC, 284UC, 286UC and more 
with adapter plate. Can be equipped.for floor mounting with rugged 
cast bracket. AC operation — vertically or horizontally — with stub 
or thru-shaft. 

Rely on Stearns, pace-setting pioneer since 1917, for all your 
electromagnetic brake, clutch-brake and clutch requirements. Write 
for Brake Data File 605. 


ELECTRIC CORPORATION 


120 N. BROADWAY, MILWAUKEE 2, WIS. 
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~ America’s Newest Compa 


Reliance has incorporated all other Duty Master) 


Here is how the Reliance D-5000 design shrinks, 
cools and quiets 125-2000 hp. motors. 


This new, great cubic design gives you more 
horsepower in less space . . . actually the frame 
dimensions that held 150 hp. now contain 300 hp. 
There is better heat dissipation from the frame 
itself. Air flows easily t'srough the entire grilled 
end areas .. . exhausting through long, protected 
slots at the sides and bottom. New fingerless 
ducted rotor design also means considerably 
better cooling than any other previous motor. 
Noise level is held to a minimum. 


plus features into this motor. . . ball or sleeve 
bearings, special lubrication design, drip or 
splash-proof and complete open motor protection 
in its insulation characteristics. The Reliance} 
Duty Master is built up to 2,000 horsepower 
the D-5000, available now, runs from 125 
to 300 hp. 


The Reliance Sales Engineer that serves you 
is anxious to iell you the full story of this 
new Duty Master. Call him. He’s in the Yellow 
Pages. 


BUILDERS OF THE TOOLS OF AUTOMATION 





ONE SELF-CONTAINED, COMPACT POWER PACKAGE. This 
MASTER GEARMOTOR has been operating outdoors for 5 years 
regardless of weather. It has no exposed high speed couplings, no 
V-belts, chains or sprockets. Engineering and assembly costs are 
reduced. You can simplify installations and save space with vertical, 
horizontal and flange mountings; output shaft over, under, left or 
right. Ratings 1/8 to 125 hp. in right angle, parallel or in combination. 
Right angle ratios are available up to 96:1; parallel 120:1. Bulletin 
A-1684. 


CONTOUR EPOXY-COATED TO ELIMINATE 
ENCAPSULATION CRACKING. New RELI- 
ANCE ENCAPSULATED MOTOR ... gives you 
positive protection from dust, dirt, acid and water. 
Unlike other heavy molded coatings, stator windings 
are vacuum-impregnated with epoxy resin at a 
uniform thickness, follow the contour of the wind- 
ings. You get maximum flexibility, tensile and bond 
strength, plus quicker cooling . . . all vital to 
superior motor performance. Bulletin B-2108. 





INFINITELY VARIABLE OUTPUT SPEEDS 
AT LOW COST. REEVES MOTODRIVES, shown 
here powering this 4-position drilling and boring 
machine, are used extensively for hundreds of 
production needs. Horsepower ratings from @ to 
40, speeds from 1.71 to 4660 rpm. Speed variation 
ranges from 2:1 to 10:1. Available in hundreds of 
space-saving assemblies . . . with manual, remote or 
automatic process control (Airtrol). Bulietin M 592. 


TOTAL SERVICE is an integral part of every Reliance product, from 
engineering and start-up assistance to maintenance and renewal parts. 
The photo shown here is typical of a Reliance Service Engineer’s on- 
the-job availability—for maintenance and consultation on knotty 
problems, Every Reliance Sales Engineering Office and Distribution 
Center — nationwide ~ gives you the attention and experience neces- 


sary to assure the top performance you expect from the Reliance 


equipment you buy. 

RELIANC E-incincceme co-* 

DEPT. 28-12, CLEVELAND 17, OHIO + Canadian Division: Toronto, Ont. 
Circle E-S8 on Page 149 














NEW 


GFP ASHLAND 








MOTORS 
. designed for today's 
competitive markets 
















































Combining creative design and 
engineering with precise economical 
production methods, ASHLAND agzin 
leads the field by introducing. . 


@ New 11-Frame Motors 
@ New s Synchronous 
Gear 


@ New Low Slip Induction 
Gear Motors 









Model A118°U 
(4%” dia.) 


ASHLAND’S new 11-Frame Motor 
series has been designed to fill the 
need of size and power requirements 
between 80 and 90-Frame units. 








Model GA5°M 
(2” dia.) 


Model GA4°M 
(1%" dia.) 





ASHLAND’S highly-efficient, compe- 
titively-priced gear motors combine 
rugged durability, proven reliability 
and outstanding performance. Modi- 
fication in leads, shafts, finishes, ball 
or sleeve bearings can be incor- 
porated to customer specifications. 
Torque speed characteristics can be 
modified to meet particular require- 
ments. Models, with or without self- 
cooling, are available. 





The design and production staff at 
Ashland are conditioned to the qual- 
ity-precision needs of their custom- 
ers. All Ashland products are 
manufactured to order. Samples can 
generally be supplied within a few 
weeks. Production deliveries are 
prompt, with a minimum of lead 
time required. For descriptive cata- 
log or quotation on specific produc- 
tion problems, write, wire or call. 











ASHLAND 


ELECTRIC INC 


PRODUCTS 


Circle E-5S9 on Page 1¢9 
248 

















Hoover Electric Co., 2100 S. Stoner Ave., 
Los Angee 25, Calif. 
A,B 

570 


IMC Magnetics Corp., Eastern Div., 


wes t., Westbury, N. Y. 
(See Ad, Page 261) 
Bill Jack Scientific Instrument Co., 143 
S. St., Solana Beach, Calif. 


A, B 
jon & Heintz, Div. of The Si 
17627 Broadway, Cleveland, O 
(See Ad, Page 243) 
a Motor Corp., Mill St., Dublin, 
a. 


ler Corp., 


(See Ad, Page 256) 
Lamb Electric Co., Div. of American Ma- 


chine & Metals Inc., Lake St., Kent, 
Ohio 
A 

Lear Inc., Electro-Mechanical Div., 110 


poe Ave. N.W., Grand Rapids 2, Mich. 


Lear Inc., Lear-Romec Div., 241 Abbe Rd., 
ee Ohio 


Martronics Inc., 82 Sanford St., Hamden 


14, Conn. 
A 


iow Syntorque Corp., West Hurley, 


A 
Motordyne Inc., 2221 Barry Ave., Los An- 
es 64, Calif. 


(See Ad, Page 260) 
The Motoresearch nes Co., 1600 junction 
a Racine, W: 


Norden Div., United Aircraft Corp., Nor- 
walk, Conn. 


Pesco Products Div., Borg-Warner Corp., 
oy N. Miles Rd., ‘ord, Ohio 


Rotating Com ~ 7 1560 Fifth Ave., 
Bey Shore tL. 

RA Mfg. Co., 79 Schoonmaker Lane, 
Woodstock, N. Y. 


Schaevitz neering, P. O. Box 505, 
ee 1, N. J. 


a paliaatal Inc., Mechatrol Div., 
| Prospect Ave., Westbury, L. L, N. Y. 


a Mfg. Co., P. O. Box 275, Wayne, 


A 
Small Motor Div., Westinghouse Electric 
Lima, Ohio 


” 


A. O. Smith B Cx. Motor Os 3533 N. 
? ‘om Milwaukee 1, 


Sperry Electro Devices Laboratory, 
anes .. Div. of Sperry 
Corp., Denton Ave. S., New Hyde 
Park, N. Y. 

A, B 


The Talley Corp., 101 Highway & Conejo 
Rd., Newbu ry Park, if. 5 

A.B 

Transco Products Inc., 


12219 Nebraska 
Los Angeles 25, Calif. 


Ls 


U. S. Electrical. Motors Inc., 200 E. Slay. 
Tops Sea 

Western Design, Div. of U. S. Industries 
i, Santa Barbara Airport, Galeta 


K z 
Western Gear a Electro Products Diy, 
gk Colorado St., Pasadena |, Calif 


(See Ad, Page 241) 


Variable Frequency 
Air Marine — ag Inc., 369 Bayview Ave, 
jor a ee 


Airborne Accessories Corp., 1414 Chestnut 
A'S Hillside 5, N. J. 


American Electronics Inc., Electro-Me 
chanical Div., 1596 E. Ross Ave., Ful- 
ree Calif. 


Ashland Electric Products Inc., 
Queens Blvd., Queens, L. L, N. Y. 


(See Ad, Page 248) 


Brevel Products Corp., 601 W. 26th St, 
ed York 1, N. Y. 


Cabral Motors Inc., Dalmotor Div., 3 
Victory Lane, Los Gatos, Calif. 


(See Ad, Page 227) 
Che Mfg. Co., 205 Factory Rd., Addison, 
~ 
Doerr Electric Corp., 510 N. Fourth St, 
a eae Wis. 


Eastern Air Devices Inc., 385 Central Ave, 
— N. H. 


Electric Indicator Co. Inc., Camp Ave, 
; ere Conn. 


BD Seems Inc., 1410 E. 289th St, 
me Ohi 


General Controls Co. 


Indeserial Div., 801 
_— Ave., Glendale 1 


General Electric Co., Small AC Motor & 
See ays. See oS Y. 


Paul E. Gerst & Co. Inc., 4868 N. Clark 
St., Chicago 40, Ill. 


Giannini Controls Con 1600 S. Moun- 
spe aety Dae 


Globe Industries Inc., P. O, Box 101, North 
Dayton Station, Dayton 4, Ohio 


(See Ad, Page 259) 
Hoover Electric Co., 2100 S. Stoner Ave, 
Los Angeles 25, Calif. 
A,B 
Bis Sheieies , Eastern Div., 570 
Main Wetboe N YT. 
(See Ad, Page 261) 


ack & Heintz, Div. of Corp. 
; ry 4 f wees Soagy nll ede, od 


(See Ad, Page 243) 
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Kollsman Motor Corp., Mill St., Dublin, 
Pa. 


(See Ad, Page 256) 

Lamb Electric Co., Div. of American Ma- 
chine & Metals Inc., Lake St. Kent, 
Ohio 
A 

Lear Inc., Lear-Romec Div., 241 Abbe Rd., 
Elyria, Ohio 
A, B 

Martronics Inc., 82 Sanford St., Hamden 
14, Conn 
A 


McLean Syntorque Corp., West Hurley, 
mY. 


A 

Pesco Products Div., Borg-Warner Corp., 
24700 N. Miles Rd., Bedford, Ohio 
A 

meaning rg a ear, 1560 Fifth Ave., 
“ed hore 


ll Mfg. Co., 79 Schoonmaker Lane, 
Woodstock, N. Y. 
A 


Schaevitz inp P. O. Box 505, 
Camden 
A 


Servomechanisms Inc., Mechatrol Div., 
1200 Prospect Ave., Westbury, L. L, 
N. Y. 

A 


— Mfg. Co., P. O. Box 275, Wayne, 


A 


Small Motor Div., Westinghouse Electric 
AE” Lima, Ohio 


The Talley Corp., 101 Highway & Conejo 
Rd., Newbury Park, Calif. 


Transco Products Inc., 12210 Nebraska 
= Los Angeles 25, Calif. 


. Electric Co., Owosso, Mich. 


Western Design, Div. of U. S. Industries 
Pi Santa Barbara Airport, Galeta, 
if. 
A,B 
Western Gear Corp., Electro Products Div., 
i’ W. Colorado St., Pasadena 1, Calif. 


(See Ad, Page 241) 


Direct Current 


Airborne Accessories Corp., 1414 Chest- 
oe Hillside 5, N. J. 


American Electronics Inc., Electro-Me- 
chanical Div., 1596 E. Ross Ave., Ful- 
lerton, Calif. 

A,B 


Barber-Colman Co., Small Motor Div., 
aay Rock St., Rockford, Ill. 


The Bendix Corp., Montrose Div., South 
pentvoes, Pa. 


-Bowmar Instrument Corp., 8000 Bluffton 


.» Ft. Wayne, Ind. 


(See Ad, Page 262) 


Brevel Products Com. 601 W. 26th St., 
a York 1, N. Y 
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NOW 


Adjusting nut 


Limit switch 








Removable cover Gear 


POSITIVE PROTECTION for 
MOTORS and MACHINERY 





Shafi rotation 


As long as applied torque is within pre-determined limit, spring bears 


against end of worm and holds it centered on gear. Excessive torque 
causes worm to move axially along splined motor shaft, compressing 


spring and bringing cam surface in contact with limit switch which 


cuts power, stopping motor. 





.. UANETTE Adjustable Torque Overload Cutout 


Here’s dependable protection for drive units, driven mech- 


anisms, personnel, and work in progress . . 
to reduce down-time. 


. and a sure-fire way 


Janette Adjustable Torque Overload Cutout is far more 
sensitive than conventional shear pins, or friction clutches and 
similar devices. Its sliding worm on a splined shaft (described 
above) assures shutdown of the driving motor within closely 
controlled torque overload limits. Unit is easily reset when 
cause of overload is removed. 

Color-coded, interchangeable springs permit selection of a 
wide range of torque limits. Each spring has a simple linear 
adjustment over its own range. Protect your equipment and 


avoid costly downtime the positive way .. . 
Adjustable Torque Overload Cutout. 


with Janette 


Write today for Bulletin 5-7. 





| Division of Heltzer Cabot Corporation @ Boston 19, Mass. 
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PRODUCT DIRECTORY 
Cabral Motors Inc., Dalmotor Div., 51 
Victery Lane, Los Gatos, Calif. 
B 
(See Ad, Page 227) 
Calco Mfg. Co., 205 Factory Rd., Addi- 


son, 
A 


C & H Sales Co., 2176 E. Colorado St., 
Pasadena 8, Calif. 


(See Ad, Page 244) 


Eicor Div., Indiana General Corp., 517 
W. Walnut, Oglesby, Il 
A 


Electric Indicator Co. Inc., Camp Ave., 
ee Conn. 


Electronic Communications Inc., 1501 72nd 
Y N., St. Petersburg 10, Fla 


Been , Spain Co., Eemco Div., 4612 
efferson Blvd, Los Angeles 16, 
Cuitt? 
A, B 
Ford Electronics Corp., 11747 Vose St., 
— Hollywood, 


General Controls Co., Industrial Div., 801 
— Ave., Glendale 1, Calif. 


Direct Current Motor 
E. Lake Rd., 


General Electric Co., 
& Generator Dept., 3001 
Erie, Pa. 


(See Ad, Page 255) 


General Motors Corp., Delco . 5 am 
Div., 391 Lyell Ave., Rochester, 
A 









SYNCHRONOUS 


for industrial and 












Delco Products 
1, Ohio 


General Motors 
Dis 329 E. First we Dayton 


General Time Corp., Haydon Div., 245 
E. Elm St., Torrington, 


(See Ad, Page 260) 
Paul E. Gerst & Co. Inc., 4668 N. Clark St., 
aan 40, Ill. 


Giannini Controls Corp., 1600 S. Moun- 
- Ave., Duarte, Calif. 


Globe Industries Inc., P. O. Box 101, 
North Dayton Station, Dayton 4, Ohio 
A 


(See Ad, Page 259) 


A. W. Haydon Co., 232 N. Elm St. 
V/aterbury 4, Conn. 

(See Ad, Page 229) 
The Haydon Instrument Co., 17 Brown 


St., Waterbury 20, Conn 
A, B 


Hoover Electric Co., 2100 S. Stoner Ave., 
[oe fnestes 25, Calif. 


ones Industries Inc., Racine, Wis. 


IMC a 7. Corp., Rs Div., 570 


_ Westbury, N 
(See Ad, Page 261) 


Bill Jack Scientific Instrument Co., 143 
3 “ ros St., Solana Beach, Calif. 


Lamb Electric Co., Div. of American 
Machine & Metals Inc., Lake St., Kent, 
aa 








MOTORS .... 


military applications 








TYPE 117: 
Permanent-magnet synchron- 
ous, for operation on standard 
voltages to 220v, 60 and 50 


cycles. Precision-hobbed 
gears provide 42 standard 
output speeds, from 60 RPM 
to % RPD, with wide choice 
of shaft sizes and shapes. 
Form P is rated 30 inch 
ounces torque at 1 RPM, Form 
H 60 inch ounces. Military 
version incorporates vacuum- 
impregnated coil, high-tem- 
perature lubricant and 
insulation. 


TYPE 890: 


miniature 
Single-phase hysteresis - syn- 


chronous, for 115v 490 
cycles, this new unit weighs 
less than 2 ounces. Output 
torque at 3000 RPM is .01 
inch ounce. In 1-inch flange- 
mounted housing shown, con- 
taining motor and capacitor 
network, or in %” round 
form without capacitor. 





TYPE 120: 


miniature 


Permanent aur synchron- 
ous, for 115y 60 cycles, this 
companion to Type 890 fits 
a wide range of ground-based 
applications requiring fast 
response and high accuracy. 
Running torque .08 inch ounce 
at 240 RPM rotor speed, 
weight approximately 2 
ounces. 


SEND FOR DETAILED INFORMATION 


Cramer ) Division - Centerbrook, Connecticut 

















GIANNINI 
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CONTROLS CORPORATION 














Lear Inc., 
re Ave. N.W., Grand Rapids 2, Mich, 


Lear Inc., Lear-Romec Div., 241 Abbe Rd, 
a “Ohio 


Martronics Inc., 82 Sanford St., Hamden 


14, Conn 
A 


Motordyne Inc., 2221 Barry Ave., Los An- 
~~ 64, Calif. 


Northwestern Electric Co., 1750 N. Spring- 
a Ave., Chicago, ill. 


Peerless Electric Co., 1401 W. Market St, 


Warren, Ohio 
(See Ad, Pages 252 and 253) 
Pesco Products Div., -Warner Corp, 
ae N. Miles Rd., Bed ord, Ohio 


Photocircuits 


Co: 33 Sea Cliff Ave. 
| jpeataamaaiain NY.” 


sr ems Co., Monroe St., Owosso, Mich. 


Servo Tek Products Cc. Inc., 1086 Goffle 
= Hawthorne, N. }. 


Siaeon Mfg. Co., P. O. Box 275, Wayne, 


A 


Small Motor Div., Westinghouse Electric 
a Lima, Ohio 
A, 


Transco Preduis Jn, 12210 Nebraska 
Ave., Los a 2, if. 
A 

ser Yiamaat E‘e. tric Co., Owosso, Mich. 


Western Design, Div. of U. S. Industries 
Inc., Santa Barbara Airport, Galeta, 


Calif. 
A,B 


Western Gear Corp., Electro Products Div., 
ve Colorado St., Pasadena 1, Calif. 


(See Ad, Page 241) 


Motor Thermal Protectors 


Two commercial approaches to motor 
thermal protection are used: One based 
on line current, and one based on wind- 
ing temperature. Motor-protection devices 
based on line current include time-lag 
fuses, time-limit magnetic relays, and 
thermal relays of the melting alloy and 
bimetallic types. Motor-protection devices 
that depend on winding temperature in- 
clude thermostats and thermal sensors. 

Motor thermal-protection devices are 
categorized here according to major types. 
Entries in each category carry a letter 
code denoting motor type and horsepower 
range for which the available protectors 
are applicable: 

A. Ac fractional. 

B. Ac integral. 

C. De fractional. 


D. Dec integral. 
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External Thermal 
Overload Relays 


Baldor Electric Co., Motor Div., 4353 Dun- 
can Ave., St. Louis, Mo. 
A, B 

Cutler-Hammer Inc., 315 N. 12th St., Mil- 
waukee 1, Wis. 
A, B, C, D 

Doerr Electric Corp., 510 N. Fourth St., 
Wee Wis. 
A, 


Thomas A. Edison Industries, McGraw 
Edison Co., Instrument Div., 51 Lake- 
side Ave., West Orange, N. J. 


J 


General Electric Co., Appliance Control 
Dept., Morrison, IIl. 


(See Ad, Page 255) 


General Electric Co., Small AC Motor & 
ee Dept., Schenectady, N. Y. 


(See Ad, Page 255) 


Jack & Heintz, Div. of The Siegler Corp., 
— Broadway, Cleveland, Ohio 


(See Ad, Page 243) 
U. S. Electrical Motors Inc., 200 E. Slau- 
| a Los Angeles 54, Calif. 


Westinghouse Electric Corp., Motor & 
Gearing, Buffalo, N. Y. 
A,B,C. D 


inherent Line-Break 
Thermal Protectors 


Baldor Electric Co., Motor Div., 4353 Dun- 
+ St. Louis, Mo. 


Century Electric Co., 1806 Pine St., St. 
— 66, Mo. 


Doerr Electric Corp., 510 N. Fourth St., 
i. Wis. 


General Controls Co., Industrial Div., 801 
va Ave., Glendale 1, Calif. 


General Electric Co., Appliance Control 
Dept. Morrison, IIl. 
(See Ad, Page 255) 


General Electric Co., Small AC Motor & 
ppameatne Dept., Schenectady, N. Y. 


(See Ad, Page 255) 
Howell Electric Motors Co., 409 N. Roose- 
velt, Howell, Mich. 
A,B 
Jack & Heintz, Div. of The Siegler Corp., 
_ Broadway, Cleveland, Ohio 
(See Ad, Page 243) 


Metals & Controls Inc., Div. of Texas In- 
struments Inc., 34 Forest St., Attleboro, 


A,B, C,D 
(See Ad, Pages 237-240) 
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solutions to 
your special 
timing 


applications... 
HANSEN 


SY NCHRON 


TIMING 













: 


MOTORS 





i 


ae 6 canines 


See <a 


E HANGEN REPRESENTATIVES: 


HANSEN 


MANUFACTURING 


COMPANY 


INC 
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4—SPECIAL MOTORS & MOTOR THERMAL PROTECTORS 


@ Versatile Hansen SYNCHRON Timing Motors 
have peers more dependable in meeting im- 
partial test requirements than competing motors. 
Such tests prove that Hansen SYNCHRON mo- 
tors deliver peak operating efficiency continuous- 
ly for as much as 1% years, and longer. 


Each of the 4 Hansen SYNCHRON Timing 
Motors shown here gives this kind of perform- 
ance ... and one could be the solution to your 
timing problem. Some of the wide variety of 
commercial and industrial applications include: 
timing machines; telemetering and transmission 
equipment; cam and valve switches; heating and 
air conditioning devices; recording thermom- 
eters; television cameras and equipment; and 
many others. 


Self-starting and self-lubricating, these Hansen 
SYNCHRON Timing Motors operate efficiently 
in any position. They pull from 8 to 30 in./oz. 
guaranteed torque ... at temperatures ranging 
from —40°F to +140°F and at speeds from 0.8 
to 600 r.p.m., 0.8 to 120 r.p.h. ... . in clockwise 
or counterclockwise rotation. More than 200 
types of output available. 


HANSEN ENGINEERING 

Your quickest and best solution to special timing 
application problems can be given by someone 
experienced in that field . . . an area in which 
Hansen engineers have been concentrating for 
more than 50 years. 

For help on specific timing application or design 
problems, make use of the specialized experience 
of Hansen engineers. 








SLO. MOTION MAGNA TORT 
1 20P 4. 


WI.TORQUE 
oc moTor 20 IN. OF 





¢ 










HANSEN REPRESENTATIVES: 
THE FROMM COMPANY 
5150 W. Madison, Chicago, Illinois 

H. C. JOHNSON AGENCIES, INC. 

Rochester, N. Y.—Buffalo, N. Y.—Syracuse, N. Y. 
Binghamton, N. Y.—Schénectady, N. Y. 
ELECTRIC MOTOR ENGINEERING, INC. 

Los Angeles, Calif.—({OLive 1-3220) 

Oakland, California 

WINSLOW ELECTRIC CO. 

New York, N. Y.—Essex, Conn. (SOuth 7-8229) 
Philadelphia, Penn. Cleveland, Ohio 

















PRODUCT DIRECTORY 


Special Motors 
are Standard 


AT PEERLESS ELECTRIC! 


Need a special motor? Our knowledge may aid in reducing the engineering time. 
We are the exclusive supplier to many manufacturers for motors with unusual 
operating conditions and duty requirements. Write us your needs! 











| 
! 
| 
! 
I 
| 
| 
| 





DRIP-PROOF (open type) 
TEPC and EXPLOSION-PROOF 


Completely protected against drip- 
ping liquids and falling particles. External fan draws cool air across motor to- 


ward driven machine. 





DIRECT CURRENT 





High starting torque, good over- 


| 
! 
| 
! 
| 
| 
| 
| 
| 
| 
! 
! 
| 
! 
load capacity and high electrical WEATHER-TIGHT SPECIAL FLANGE 
! 
| 
| 
| 
! 
| 
! 
| 
! 
! 
I 
I 
| 


efficiency. For rough usage. 





EXPLOSION-PROOF 
TORQUE MOTOR SPECIAL FLANGE REVERSING 
WITH BRAKE HOIST MOTOR, SINGLE PHASE 


ENGINEERING DATA: Special mountings. Various modifications—special shaft 
features; paint and varnish treatments, Class A, B, F, H insulation. Peerless builds 
to standards and specifications of JIC, AIEE (including AIEE No. 45 Marine 
Duty), ABS, Federal and Military. 

WRITE FOR BULLETINS: Space-Saver, SP-1; Torque, T-1; Complete Line, SDA- 
155. Peerless Electric Division, H. K. Porter Company, Inc., W. Market Street, 
Warren, Obio. 


PEERLESS ELECTRIC DIVISION 


PORTER 


H. K. PORTER COMPANY, he 


equipment, je = cable, ovetems, mozora, fens, blowers, spetietty 
ies, toe!s, forgings and pipe fittings, roll formings ond stampings, Rutan 
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Robbins & M tae 1345 Lagonda A : 
ae, © "Oh " 


A. O. Smith Corp., Motor Div., 3533 N, 
27th St., Milwaukee 1, Wis. 


A, B 
U Inc., 900 S. Desplaines St., Chi 
Pl —_ 





Wagner Electric Corp., 6400 Plymouth 
ive, St. Louis 33, Mo. 








Inherent Thermal 
Sensing Devices 


Baldor Electric Co., Motor Div., 4353 
“ Ave., St. Louis, Mo. 


Brevel Products Corp., 601 W. 26th St, 
- ce York 1, N. Y. 


Century Electric Co., 1806 Pine St., St 
Louis 66, Mo. 
A, B, C,D 

Continental Electric Co., 325 Ferry St, 
— 5, N. J. 


Doerr Electric faa. 510 N. Fourth St, 
it” 


Thomas A. Edison Industries, McGraw 
Edison Co., Instrument Div., 51 Lake 
yt Ave., West Orange, N. J. 


Fasco Industries Inc., 255 N. Union St, 
ae a. d 


General Controls Co., Industrial Div., 801 
wa Ave., Glendale 1, Calif. 


General Flectric I pa Control 
t., Morirson, Il 


(See Ad, Page 255) 


General Electric Co., Medium AC Motor 
: Generator Dept., Schenectady, N. Y. 


(See Ad, Page 255) 


General Electric Co., Small AC Motor & 
aac Dept., Schenectady, N. Y. 


(See Ad, Page 255) 
Howell Electric Motors Co., 409 N. Roose 
he Howell, Mich. 


Jack & Heintz, Div. of The Siegler Corp. 
ead Broadway, Cleveland, O: Ohio 


(See Ad, Page 243) 


Metals & Controls Inc., Div. of Texas In- 
struments Inc., 34 Forest St., Attleboro, 


Mass. 
A, B, C, D 
(See Ad, Pages 237-240) 


U. S. Electrical Motors Inc., 200 E. Slau- 
re oe Los Angeles 54, Calif. 


Wagner Electric Corp., 6400 Plymouth 
om St. Louis 33, Mo. 





Westinghouse <—g 4 > Motor & 
euring. Buffalo, N. Y. 
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4—SPECIAL MOTORS & MOTOR THER*4AL PROTECTORS 


if you use TORQUE MOTORS 


... the name is Peerless 


The torque motor, unlike any other electric ino- 
tor, is a special from the word go. That situation 
alone makes Peerless one of the best sources for 
torque motors in ratings from 2 oz. in. to 200 Ib. ft. 


Torque motors deliver maximum rated torque 
without damage to the windings when stalled across 
the line at full voltage for predetermined periods. 
Peerless also builds torque motors which provide 
a nearly constant torque while operating at less 
than synchronous speeds. 


All standard frame sizes; all types of mountings; 
high torques; special paint and varnish treatments; 


Comparative Speed-Torque Curves of NEMA 
Design B Motor and Typical Torque Motor 


SPEED 


| 
‘e) 
z 
oO 
re) 
ox 
=x 
U 
z 
> 
a 
ve 





The speed-torque curve varies from that of a conven- 
tional motor. The torque motor curve is almost linear. 
Maximum torque occurs at the stalled position. For this 
reason, torque motors are used most often where a 
holding or resisting force is required. 


Peerless Electric Division, H.K. Porter Company, Inc., Warren, Ohio 


PEERLESS ELECTRIC DIVISION pp ATER H.K.PORTER COMPANY, INC. 


and Class A, B and H insulation are available from 
Peerless. Torque motors require unusually close 
cooperation between the motor supplier and the cus- 
vomer’s engineers. This cooperation is a Peerless 
specialty. We will work with you to produce the 
one torque motor that powers your product best. 





Weather-Tight Special Flange 





Explosion-Proof Torque Motor with Brake 





Special Flange Reversing Hoist 
Moter Single Phase 







NEW TORQUE BULLETIN-This 
bulletin outlines basic facts about 
Peerless torque motors and shows 
applications. /t is available FREE. 
Write for it today. 


TER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, alectrical wire and cable, wiring 


systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, 


forgings and pipe fittings, roll formings and stampings, wire rope and s*rand. 
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FRACTIONAL 


@ GEAR 


MOT SO 








FOREMOST SUPPLIER 
TO ORIGINAL 
EQUIPMENT 
MANUFACTURERS 


MODEL AF 


Model AF is 

for applica- 

tions where 

limited space 

is available. 

This is an easy 

unit to install 

because it has 

a horizontal 

fa te and vertical 

mounting sur- 

face. The AF has a much higher 

torque and is much more rugged 

in design than is found in small 

clock or toy type gear motors. 

Speed range is from 4 RPM to 

600 RPM, providing torques of 
from .6 lb.-in. to 10 Ib.-in. 


MODEL BF 


Model BF 

(formerly 

SG15) fills 

requirements 

of applications 

requiring 

torques up to 

upto 15 us..in, > !b-in. and 

TORQUE rotational 

speeds from 

Y% to 800 RPM. Model BF can 

be furnished with either syn- 

chronous or induction motors. 

High starting torque is a charac- 

teristic that often qualifies the 

Model BF to replace larger more 
costly motors. 


MODEL CF 


Model CF 
(formerly 
SG 25) isa 
powerful, 
compact gear- 
motor with 
heavy cut steel 
gears, husky 
wre 20s. IN. bearings 

and precision 
parts throughout. Speed range 
from 10 to 300 RPM. It is espe- 
cially recommended where great 
durability and continuous reliable 
operation is desired. Model CF 
can be furnished for mounting in 
any position. Many types of 
motors and modifications are 
available to fit this gear motor to 
your exact requirements. 





RELIABLE 
A SMALL 


THE NEW MODEL WF... 
SMALL, FLAT, STURDY, POTENT! 


TO 30 LB.-IN. TORQUE 


this Model WF is that 

be furnished extending 

foces of the gear case. 

Normally mounted with motor in the up posi- 
. ony mounting position can easily be 


Designed specifically for the Orig- 
inal Equipment Manufacturer 
who needs up to 30 Ib.-in. of 
Torque in a compact, highly de- 
pendable fractional horsepower 
unit—at attractive quantity prices. 
The smallest “WF” unit is only 
25%" wide, 242" deep and 41%46" 
high. Depth varies according to 
motor stack and brake or fan if 
required. Speed range from 4 to 
210 r.p.m. 

100% to 120% starting torque 
qualifies this Merkle-Korff unit 
for applications where larger, 
more costly units have previously 
been required. See list of typical 
applications below. 

Precision cut spur gearing is used 
for long life, quiet operation. This 
gearing is in a precision 
cast non-ferrous gear case 
equipped with two phosphor 
bronze bearings which support 
the output shaft. 








SEND FOR THIS NEW DATA SHEET 
This sheet gives speed and torque figures as well 
as dimensional information which will be helpful 
to you in deciding if this model meets your appli- 
cation requirements. 








MERKLE-KORFF 


Collators 
Speed Controllers 
Filter Changers 
Humidifier Drives 
Camera Controls 


Therapeutic Apparatus 


ERFORMANCE 
, BALANG! D 





Egg Grading—Collecting 
Metering Pumps 
Mechanical Dispensers 
Automatic Turnstiles 
Materials Handling Equipment 
Inspection Devices 


Laboratory Apparatus 
Laundry Equipment Controls 
Barbequers 
Chemical Machinery 
Heating & Cooking Equipment 
Measuring Instruments 
Industrial Controls 
Photographic Equipment 
Ice Cube Makers 
Animated Signs 


Paper Money “Changers” 
Textile Machinery 





NEW MODEL 
UP TO 1000 LBA 
TORQUE 


Here is a new, powerful, 
able and versatile gear n 
heavy duty applicatio 
drive shaft can be furni 
tending from either or b 
of the gear case, or this 
be furnished less shaft fe 
mounting to your dri 
without couplings and 
disturbing gears. Speeds 
4 to 50 RPM. 
The gear case is strongly} 
internally for utmost f 
Two different motors 
able, both dynamically & 
with built-in cooling sy 
overload protection. 


WHAT ARE YOl 
REQUIREMENTS? 
Merk! 
Korff's 
sive "P 
forma 
a oa 
Proper 
lection and assembly of mass 
duced modules into a gean 
unit designed to meet your 
quirements. 
Ambient temperatures, duty 
high and low voltages, 1 
problems, ventilation, @ 
and running torques, motor? 
gear loading, shock loading, 
and bearings, brakes, leads, 0 
ing fans and other design fe 
are all evaluated to provide 
with reliable Merkle-Korff 
at the lowest possible cos. 
get more torque per pound 
per dollar. 
Give us your gearmotor pf 
lems. We will help you 
sobusion— promptly. 


Catale 
ives de 
erki 

motors tf 

ry 


requirements 
. mensional 
Write for your copy now. 
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Richard Branch, superintendent at Red Rock Quarry, Nesquehoning, Pa. 


“Since installation in July, 1960... 


Constant, Heavy Impact Hasn’t Stopped 


Our General Electric Polydyne® Drive 


“Since we installed a General Electric Polydyne 
mechanical adjustable-speed drive on our Uni- 
versal Wobbler Feeder, we haven’t had a moment’s 
downtime due to malfunction since July, 1960,” 
says Richard Branch, superintendent at Red Rock 


Quarry, Nesquehoning, Pa. 


The wobbler’s elliptical bars convey large rocks 
to a crusher and lei fines and dirt drop through to 
another conveyor. The rock is unusually hard 
sandstone, which stratifies into large, thin pieces. 
This type of material creates a tremendous strain 
on the drive unit during initial impact and 
separation. 


“THE FORMER DRIVE cost us $2,939 in 
maintenance and eight Juys’ lost production dur- 
ing the year and a hs,, we it,” continues 


GENERA: F iw: 


Right-angle Shaft 


; Integral-type 
Poiydyne Gear Motor 
Drive Gear Motor 


“l 


Mr. Branch. “General Electric’s Polydyne Drive 
is 15 horsepower, same capacity as the old one, but 
it’s physically larger and much stronger. It has 
proved itself an excellent solution for our tough 
operating conditions.” 


When your application requires low-cost adjust- 
able speed, reliability, and ease of maintenance, 
investigate General Electric Polydyne Drives. Ask 
your G-E Sales Engineer or write for bulletin 
GEA-6806, Section 854-07, General Electric Co., 
Schenectady 5, N. Y. 


GENERAL @@ ELECTRIC 


* « OFFERS A COMPLETE LINE OF LOW-SPEED DRIVES, 1/8 TO 200 HP 
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PRODUCT DIRECTORY 


SYNCHRONOUS MOTORS— Most Kollsman synchron- 
ous motors are of the hysteresis type, available with 400 
or 60 cycle windings; some for extended range opera- 
tion. Hysteresis motors are characterized by very high 
efficiency and hunt-free synchronous rotation. Frame 
sizes vary from size 25 to size 8. Many special designs 
are available with or without gear heads. 


P. M. GENERATORS— Originally designed as aircraft 
tachometer generators with as much as 70 watts output. 
Frame sizes vary from 25 to size 8. Three; two and sin- 
gle phase output signal designs are available, most with 
extremely low harmonic content. Both output voltage 
amplitude and frequency are proportional to speed. 
SERVO MOTORS— These high-rotor-impedance servo 
motors are characterized by a linear-torque versus speed 
curve with high-torque-to-inertia ratio and fast accel- 
eration. Used for control purposes, they provide instant 
error-signal response. Squirrel cage and drag cup rotor 
designs available. All units also available with integral 
gear heads containing precision class 1 & 2 gears. 


INDUCTION GENERATORS — Kollsman induction gen- 
erators serve as a precision voltage signal source with 
an amplitude linearly proportioned to rotational speed 
of the shaft. Frequency of output signal is same as that 
of the source excitation. Units are used for system sta- 
bilization in closed-loop servos, integration, or as output 
for velocity servos. Some models are temperature com- 
pensated, minimizing voltage or phase angle variation. 


MOTOR DRIVEN INDUCTION GENERATORS — These 
compact units package a low-inertia servo motor and a 
drag-cup induction generator on a common shaft within 
one frame. As a result backlash is eliminated entirely. 
Size 25 to size 5 frames include integra! gearhead in 
ratios varying from 5 to 1 through 75,000 to 1 without 
loss of miniaturization. 


SYNCHROS—Two Kollsman trade names identify two 
lines of synchros. TELETORQUE describes self synchron- 
ous transmitters and receivers. CIRCUTROL describes 
round rotor signal-controlling devices such as synchro 
control transformers, differentials, and phase shifters. 
Complete families of these units are available for either 
60 or 400 cps source excitation. 


SPECIAL DESIGNS — Kollsman has designed many spe- 
cial, unusual motors. It welcomes the out-of-the-ordi- 
nary type of motor problem that most other manufac- 
turers avoid. Exemplary of this philosophy are two 
novel synchronous devices which Kollsman engineers 
designed for particular customer requirements: The 
Synchronous Differential and the Orienting Synchron- 
ous Motor. The former houses in one package two syn- 
chronous motors driving into a mechanical differential. 
Unit can synchronize two frequencies or two machines. 
In the orienting synchronous unit, the rotor contains 
a permanent magnet section and a hysteresis or squirrel- 
cage-type element. Rotor always synchronizes in same 
relative position to rotating field of source voltage. 
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ENGINEERING CAPABILITY 
FOR SPECIAL-PURPOSE MOTORS 


Kollsman’s expanding facilities and experience 
permit it to offer a complete line of precision 

servo motors and synchros of both 400 cycle and 
60 cycle varieties. Designed around applicable 
military specifications, Kollsman motors range in 
size from 14” dia. to about 3” dia. . . . perform vital 
jobs in computers, aircraft instruments, engine 
and guided-missile control systems, ground-support 
equipment, submarines, flight navigation systems, 
data processing equipment, and automatic 
industrial processing systems. 





KOLLSMAN MOTOR CORPORATION 


MILL STREET, DUBLIN, PENNSYLVANIA @ CHerry 9-3561 @ A SUBSIDIARY OF STANDARD KOLLSMAN INDUSTRIES, INC. 


West Coast Office: 715 Sonora Ave., Glendale, Calif. / Tel.: CHapman 5-2027 
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HONEY WELL 
MOTORS 


. . » for chart drives, serves, balancing circuits 


SEE 


STACK-TYPE MOTORS OIL-SEALED MOTORS MILITARY MOTORS 

These newly designed motors have These field-proven motors feature These are oil-sealed-type motors, 
such maintenance saving features as: self-lubrication, have shock absorb- modified to comply with MIL-M- 
sectional housing . . . wick-type lu- ers, are totally enclosed and oil 17059. Housing is treated as speci- 
brication . . . printed circuits . . . ball sealed. fied in MIL-C-5541, and leads are 
bearings . . . shock absorbers .. . fungus resistant as per MIL-V-173. 
alignment keying rings. Any major 

part replaceable in two minutes. 
















..- All motors are available in two phase and synchronous models 


SPECIFICATIONS (applicable to all motors described above) 




















Twe Phase Induction Motor Synchronous 
Nomina! Gear = intermittent §=Maximum == Power Curreat Temp. RPM? Gear Pullin = Continuous = Power Current Temp. 
Ne Lead Rated Lead = $ Watts Rise Ratio Torque T Watts ; Rise 
RPMS ae (aia) ie (roaee ileotee °F ry (ata) (rated {raaed v 
Ls 2 . 
, 180 10:1 12 12 24.0 0.21 100 
330 44:1 4 10 11.5 0.11 70 180 10:1 ; ; 115 011 65 
144 10:1 5 23 11.5 0.11 70 0 20:1 4 2 115 0.11 65 
48 30:1 15 56 11.5 0.11 70 60 30:1 21 18 115 0.11 65 
23 60:1 30 105 11.5 0.11 70 30 0:1 . 4 36 11.5 0.11 65 
“US less at 50 cycles MINNEAPOLIS-HONEYWELL, Wayne and Windrim Aves., Phila. 44, Pa. 


{Field winding 11.0 watts, balance in amplifier winding 
Note: Some speeds available at 25 cycles 


Honeywell 
HH) Fats. Contd 
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Diagrammatic drawing of 100 Series base. The motor o 
consists of three square tubes and two cross-members. The two 
tubes serve as supports which guide the ccrriage in its moveme 
along a pair of round rails. The ends of the rails are sec 
angles which act as supports for the base. The center tube 

the spring, follower-nut, and tension adjusting screw. 


» 


Manheim Autromarnil motor Base” 


assures transmission of maximum power with minimum stress on belts and 


On al! types of electric motor drives Manheim AUTOMATIC 
Motor Bases control belt tension automatically for maximum 
drive efficiency. 

An adjustable spring, acting upon a freely movable carriage, 
continuously provides the proper belt tension under all operating 
conditions—even under heavy starting loads. 


The Manheim AUTOMATIC Motor Base... 


© Eliminates belt slippaee and the need for excessive belt tension 
which damages belts ys and bearings. 


® Provides proper tension—the minimum necessary to transmit 
the required power without slippage—to assure continuous rated 
rpm for maximum machine output. 

e Eliminates machine shutdowns—cuts maintenance costs. 

© Insures minimum wear on belts, pulleys, and bearings. 

e Maintains initial pulley alignment always. 

e Can be readjusted, when necessary due to excessive belt 
stretch, while operating under load by simply turning the tension 
adjusting screw. 

© Ideal for isolated or inaccessible drives—seldom requires 
attention. 

© Equally effective for flat, V, Poly-V, and toothed belts, 

e Features unique pancake design—rugged all-welded steel con- 
struction ; factory lubricated. 

@ Available for standard and vertical mountings in three Series. 

Write for illustrated bulletin. 


*PATENTED 


MANHEIM MANUFACTURING & 


BB-10 Series is for old NEMA frame 
sizes 364 through 505; BB-400 
Series is for new re-rated NEMA 
frame sizes 364-U through 445-U. 
Carriage rides on linear ball 
bearings. 


200 Series. 


For motors equipped with spring- 
loaded variable-pitch pulleys on 
NEMA frames 56 through 326-U. 
There is no internal spring in 200 
Series bases. 


Bases for motors up to 500 HP as 
well as for motors having one or 
two outboard bearings are built 
to order. 


BELTING COMPANY « 
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Normally you think of Globe as the prime source for pre- also can supply integral gear heads to give the exact 
cision miniature military motors. Now we are ready to fill speed-torque you need. Globe motors are for products 
the need for high quality in commercial and industrial that need to be compact, dependable and rugged. most 








products too. Each of these Globe commercial motors important, they help you make your 

combines the performance usually found only in MIL spec product more salable. 

motors, corresponding weight and size reduction, and at For Bulletin CMB, or a prototype, 

a price comparable to ordinary motors of larger size. write or telephone Yale Holt, Sales 
The breakthrough is in new design and production Manager, Globe Industries, Inc., 






techniques that permit the use of quality materials, yet 1784 Stanley Avenue, Dayton 4, 
reduce the number of parts and operations. The five frame Ohio. Telephone 222-3741. 

sizes below (more are coming) can be furnished in a.c. 

and d.c., wound and modified to your requirements. We GLOBE INDUSTRIES, INC. 









PRECISION MINIATURE MOTORS. GEARMOTORS, TIMERS, ACTUATORS. CLUTCHES, BLOWERS, MOTORIZED DEVICES 


COMMERCIAL/INDUSTRIAL MOTORS / NEW SMALL 
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MA 26 MA 23 MP 10 Clutch | Reversible | MD 83 MJ 67 
6 oz. in. | 10 0z.in. | 30 0z.in. | 10 0z.in.] 9 oz. in. Note 1 art pe 
1/60-66 | 1/60-60 1-60 1/10-15 | 1/60-60 |1/60-4000 | 1/60-30 
120 of 120 or 120 or 120 or 120 or 
240 240 240 240 200 | SIZ or | tis vac 
VAC VAC VAC VAC VAC 
60 500r60 | 500r60 | 500r60 | S0or60 400 cps 
i Right Right Right Right, Ri 
7 3 4 4 3 Reversible toh or 5 
Left Left Left Left Reversible Left 
-1 103-132 | 103-132 | 103-132 | 103-132 4-10, 
oy and and and and 10-18 and | 105-126 
206-264 | 206-264 | 206-264 | 206-264 | 206-264 18-36 VAC 
VAC VAC VAC VAC VAC voc 
3.7W 5.0W 2.5W 5.0W 5.0W 6.2W 
6V-17ma* 
43ma 59ma? 29ma? 59ma? 59ma* | 12V-15ma | 62ma? 
28V-8ma 
Yes Yes Yes Yes Yes Note § Note 5 























. 6 Volts: 40 oz. in. at 3 rpm and slower 
7 over 3 rpm 


Tmax = ll 
Output Speed 


12 and 28 Volts: 40 oz. in. at 8 rpm 


and siower 
Tmax = 337 
Output Speed 
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2. At 3000 rpm rotor speed, nominal 
voltage and frequency. 


3. Approximate figure for reference only, 
4. Nominal at no load. 
5. Meets Mil Specs. 


over 8 1pm 





NEED A 


CHANGE 


? 
5 Th NEW [é#<)., 


GEARMOTORS 


are Designed to Fit Your Needs 


1. SINGLE OR DOUBLE reduction, shaft speeds 2 to 750 
RPM, up to 7 in. ibs. torque, available in same. gear 
houting. 
SPECIAL GEAR combinations and materials available. 
ARMATURE SHAFT EXTENSION available. 
. SHAFT LENGTH variable to specification. 
12 SHAFT POSITIONS availuble by relocating 3 screws. 
VENTILATED of totally enclosed as required. 
Carter Classic Gearmotors give you the mass production 
economies of ‘‘standard’’ models, yet can be custom-modified 
to meet your needs without the penalizing cost of a ‘special’ 
job. Interchangeable with most competitive types, too. Quality 
built for top performance. 50 catalog models. Hundreds of 
verictions promptly available. Series motors 6 to 220 v., DC 
shunt motors 6 to 115 v. Classic motors, less gear reduction, 
available in 1/40 to 1/7 hp. 
Write for new catalog 561 A, prices, OEM discounts. 
Use letterhead for special attention 


Carter 





ouaen 





Ls tehiels 


2719 W. George St. - Chicago 18 
Phone JU 8-7700 


Lerge enough to Serve You — Small enough to Want to. 
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Carter Motor Company 


| 
| 
| 
| 





GEARMGTORS 


SPEED UP TO 200 RPM 
* 


POWER UP TO 40 IN. LB. 
OPEN OR sinbee CASE 
commaaee OR 
INTERMITTENT 
MACHINE out GEARS 


FINISH GROUND SHAFTS 
- 
MILLIONS IN USE 
* 
SPECIAL FEATURES 
AVAILABLE 
* 
PROMPT DELIVERY 
o 
SAMPLES AT ONCE 
e 
ASK FOR OUR 
LITERATURE 








seAncH 


Apectalk -« 












type 
motor 


MILLIONS CF MOTORESEARCH GEAR- 
MOTORS NOW iN USE! Motoresearch also 
designs and produces high frequency motors, 
generators, rectifier type power supplies and 
other Special Electrical Equipment. We invite 
your inquiries. 


1600 JUNCTION AVENUE 
RACINE, WISCONSIN 
Designers and Manufacturers of 


bectricakl eguipmenul 
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Each motor supplied by imme is a solution to a specific problem. tfc motor 
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MOTOR 
SOLUTIONS 








specialists will supply a solution to your particular requirement, whether 
your need is for hysteresis, synchronous, torque, induction or servo motors. 


specific problems and are manufactured in accord with 


applicable military specifications. 


HYSTERESIS 
SYNCHRONOUS 
MOTORS 


1” to 5%” diameter ¢ 1/200 to 
¥ horsepower output ¢ single, 
dual, three or four speed « 
e 1, 2, and 3 phase ¢ 60 and 
400 cps ¢ available with gear- 
heads. 


TORQUE 
MOTORS 


10 to 300 in.-oz. stall torque * 
class B, F & H insulation © 2, 
4, 6, 8, & 12 pole units © cooled 
& non-cooled housings ¢ 60 & 
400 cps 


INDUCTION 
MOTORS 


Outputs to 1% hp ¢ 2 to 24 
pole units ¢ 25 to 1500 cps « 
minimum temperature rise © ball 
or sleeve bearings ¢ available 
with gearheads. 


Units shown on this page are typical of specialized motor solutions to 


SERVO 
MOTORS 


Sizes 5 through 18 ¢ 60 & 400 
cps ¢ high torque to inertia 
ratio © available with gearheads 
° operating temperatures to 
+200°C © quick response « 
servo motor tachometers also 
available. 


general imme motor capabilities . . . 
... and specific *solutions 





HYSTERESIS 
SYNCHRONOUS 
MOTOR 
MODEL WC2913H-1 


Frequency: 60 cps © Voltage: 
115 volts, single phase © Speed: 
1800 RPM ¢ Rated Horsepower: 
1/150 © Input Power: 21 watts 
* Torque (in. oz.): rated 6.0/ 
pull in 7.0/pull out 7.5/starting 
6.0 


TORQUE 
MOTOR 
MODEL BC3830T 


Frequency: 60 cps ¢ Voltage: 
115 volts © Stall Torque: 150 
in.-oz. © Power @ Stall: 175 
watts ¢ Current @ Stall: 1.62 
amps «© Wo Load Speed: 860 
RPM 


INDUCTION 
MOTOR 
MODEL FBC2922-2 


Frequency: 60 cps, 4 pole °« 
Voltage: 115 volts, single phase 
® Speed: 1700 RPM © Horse- 
power: 1/30 © Flange Mounted 





26 volts, fixed phase/ 26 volts, 
control phase (series)/13 volts, 
control phase (parallel) ¢ Input 
Power: 1.75 watts ¢ Weight: .68 
ounces 


*The four units shown, along with specifications, are representative models of a very wide range of 
ime motors. ime engineers are interested in solving all types of general and special motor problems. 


OTHER PRODUCTS: propeller and 
vaneaxial fans /centrifugal blowers / 
heat h s /dy s and 
inverters 
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A complete line of DC motors of the permanent ma 
special motor assemblies incorporating clutch and bra 
available. 





imc 


Magnotics Corp. 


EASTERN DIVISION 


570 Main Street * Westbury, L.I., New York 


ED 4-7070 ¢ TWX Westbury N.Y. 5250-U 
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or wound field type—plus 
arrangements are also 
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PRODUCT DIRECTORY 


* HARDENED PINIONS 
°125°C AMBIENT 


* HIGH TORQUE 


OWMAFR 











Five 
ened 


mounting faces — Split, 
tapped 


wind: 


ation— 
All types have .35 In.-Oz. 
minimum stall torque. 


SIZE 


basic types—Plain or hard- Six types available—26 or 115 
pinions—Tapped holes on voit Tred phase—Split, center 
center tapped or plain control phase 
or plain control phase for 26 or 36 volt operation 
ngs for 26 or 36 volt oper- High compression glass molded 
26 volt fixed phase. terminals, extremely shock re- 
sistant, meet high altitude 
specifications. High torque 
throughout ambient tem- 
perature range. 
—aAl 


SIZE 











BOWMAR MOTOR C2) BOWMAR GEARHEAD 


You get exclusive 





‘one-stop” capability in Servo Motors 
and Servo Motor Assemblies from Bowmar. You may ob- 
tain motors alone, or wedded with precision Bowmar 
Gearheads, multispeed “ELECTROSHIFT” Gearchangers 
and other components. They are also available in 
complete Bowmar-designed ‘Servo Packages. All Bow- 
mar Servo Motors have slotted shafts at terminal 
ends to facilitate checking of total lost motion 
backlash) AFTER assembly to other compo- 


nents. Electrical and mechanical characteris- 
tics of all Bowmar Servo Motors may be 
changed to meet customer requirements. 


“SM” 


SEND FOR DATA PACKAGE 
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Electric Motor Tradenames 





a 


Aero-Motors (Lundy Mfg. Corp.) 
Allispede (Louis Allis Co.) 
All-Weather (Robbins & Myers Inc.) 
Ailtimatic (Air Marine Motors Inc.) 
Altivar (Rotron Mfg. Co.) 

Aximax (Rotron Mfg. Co.) 


(Beckman Instruments Inc., Helipot 


—, 

v 

Bodine (Bodine Electric Co.) 

Bristol Motors (Bristol Motors Div., 
Co. of America Inc.) 

Brook (Brook Motor Corp.) 


Cc 


CHP (Hobbs Mfg. Co.) 
Capsular (Louis Allis Co.) 
Capsuiex (Louis Allis Co.) 

Ecliptie (Carter Motor Co.) 
Change-A-Cycle (Carter Motor Co.) 
Change-A-Volt (Carter Motor Co.) 
Cirele B (Bristol Motors Div., 

of America Inc.) 
Classic (Carter Motor Co.) 
Closed 


Vocaline 


Vocaline Co. 


Bore (EMD Components Inc.) 
Columbia (Columbia Electric Mfg. Co.) 
Crecker-Wheeler (Elliott Co., Div. of Carrier 


) 
Custom 8000 (General Kiectric Co., Medium 
AC Motor & Generator Dept.) 
Cutler-! (Cutler-Hammer Inc.) 
Cyeloname (Sigma Instruments Inc.) 
Cylent (Brook Motor Corp.) 


Dale (Dale Electronics Inc.) 

Dalmotor (Cabral Motors Inc., Daimotor Div.) 

Deloo (General Motors Corp., Delco Products 
Div.) 

Digiterk (Pace Controls Inc.) 

Dinabrake (Standard Electric 
Dayton Corp.) 

Doerr (Doerr Electric Corp. 

-, Master (Reliance Mlectric & Engineering 


Div., Standard 


— Motor (Brown-Brockmeyer Co. Inc.) 


Elinco (Electric Indicator Co. Inc.) 

Elix (El Products Corp.) 

Eapo (Piqua Machine & Mfg. Co.) 

Epa-Seal (Elliott Co., Div. of Carrier Corp.) 


F 


Farm Line (Brown-Brockmeyer Co. Inc.) 
Fasco (Fasco Industries Inc.) 
Fastop (Lear Inc., Electro-Mechanical Div.) 
Fincor (Fidelity Instrument Co.) 
Fleet Line (Brown-Brockmeyer Co. Inc.) 
Fiexitorg (Louis Allis Co.) 
Fluid Shaft (Reuland Electric Co.) 


G 


GI (The General Industries Co.) 
Gear-O0-Matic (Franklin Electric Co. Inc.) 
Genemotor (Ca~ter Motor Co.) 

Geneverter (Carter Motor Co.) 

Gryphon (Brook Motor Corp.) 


H 


Heleo (Hoover Electric Co.) 
WiDrive (Wilson’s of Cleveland) 
Holloshaft (U. 8S. Electrical Motors Inc.) 
Howell Red Band (Howell Electric Motors Co.) 
Hurst (Hurst Tool & Mfg. Co.) 

mn (Gensico Inc.) 


Ideal (Ideal Electric & Mfg. ©o.) 
(Imperial Electric Co.) 
Verse (Franklin Electric Co. Inc.) 
Intermatic (International Register Co.) 


Kinamatic (General Electric Co., 
Tent Motor & Generator Dept.) 
(General Electric Co., 
Motor & Generator Dept.) 
Kingston-Conley (Howell Electric Motors Co.) 
Kiixon (Metals & Controls Inc., Div. of Texas 
Instruments Inc.) 


Direct Cur- 
Direct Current 


L 


Lamature (The Haydon Instrument Co.) 
.) 


A (Westinghouse Electric Corp., Mo- 
tor & Gearing) 
bey H (Westinghouse Electric Corp., Mo- 
tor & Gearing) 
Line-A-Spede ( Louis Allis Co.) 
Une-0-Life (Carter Motor Co.) 
Leshaft (Franklin Electric Co. Inc.) 





1961 Edition 


Magnatere (Hansen Mfg. Co. Inc.) 
.) 


Co.) 
Multiguard (The ys Electric Co.) 
MN 


Nobrush (Georator Corp.) 
NTJ (Hobbs Mfg. Co.) 


Oo 


Ohio «Howell Electric Motors Co.) 


P 


Illinois Tool Works) 


Paesol (Licon Div., 
Direct Current 


Parmatic (General Electric Co., 
Motor & Generator Dept.) 
Polydyns (General Electric Co., Gear Motor & 

Transmission Components Dept.) 
Pope Precision Motors (Pope Machinery Corp.) 
Powertork (Reliance Instrument Div., Electro- 
Mech Corp., Subsidiary of American Chain 
& Cable) 
Poxeal (Allis-Chalmers Mfg. Co.) 
Printed Motors (Photocircuits Corp.) 
Propimax (Rotron Mfg. Co.) 


RE (Reuland Electric Co.) 





R & M (Robbins & Myers Inc.) 
Reco (Reynolds Electric Co.) 
Reflectone (Reflectone Electronics Inc. Subsid- 
iary of Universal Match Corp.) 
(Elliott Co., Div. of Carrier Corp.) 
Rote-Tork (A. W. Haydon Co.) 


s 


SMY (General —- \ wa 

Saucer (Rotron Mfg. C 

Sealed-Power (Elliott Co. Div. of Carrier 
Corp.) 

Security (Stator Electric Corp.) 


Selective Speed Drives (Century Electric Go.) 

Selectrol (General Dynamics/Electro Dynamic) 

Selectron (General Dynamics/Electro Dynamic) 

Sil-Clad (Electric Machinery =, Cn) 

Sileo-Flex (Allis-Chalmers Mfg. Co.) 

Silent Service (General Dynamics/Electro Dy- 
namic) 

Slo-Syn (Superior Electric Co.) 

Smithseal (A. O. Smith Corp.) 

Standard Electric (Standard Electric Div., 
Standard Dayton Corp.) 

Sterlicone Multi-' (Sterling Electric Mo- 
tors Inc., Subsidiary of Hathaway Instru- 
ments Inc.) 

(Franklin Electric Co. Inc.) 

Super T (Reliance Electric & Engineering Co.) 

Super-Seal (Allis-Chalmers Mfg. Co.) 

Supersyn (Genisco Inc.) 

Synchron (Hansen Mfg. Co. Inc.) 

Syncrogear (U. S. Electrical Motors Inc.) | 

Synero-Pulse (Farnham Electronics, Div, of 
Wiesner Rapp Co. Inc.) 

Synero-Spede (Louis Allis Co.) 

Synduction (Allis-Chalmers Mfg. Co.) 


T 


Telechron (General Electric Co., Clock & Timer 
Dept.) 

Telesyn (Ford Instrument Co., Div. of Sperry 
Rand Corp.) 

Thermo Seal (A. O. Smith Corp.) 


Thermo Tector (General Electric Co., Small 
AC Motor & Generator Dept.) 
Thymotrol (General Electric Co., Direct Cur- 


rent Motor & Generator Dept.) 
Tiny Atom (Wilson's of Cleveland) 
Tri/Clad (General Electric Co.) 
Tri/Clad 55 (General Electric Co.) 
Tri-Flux (Redmond Co.) 


U 


Ultr-Speed eof yo Mis. 

Uni-Bullt (A. O. Smith C 

Uniclosed (U. 8. Electrical I Motors Inc.) 

Unitized (General Electric Co., Specialty Mo- 
tor Dept.) 


Co.) 


Vv 


Varidrive (U. 8. Electrical Motors Inc.) 
Varidyne (U. 8S. Electrical Motors Inc.) 
Varisyn (Gensico Inc.) 

Vers-A-Wind (Hobbs Mfg. Co.) 


Ww 


Weather-Gard (Century Electric Co.) 
Welco (B. A. Wesche Electric Co.) 
Whitnon (The Whitnon Mfg. Co.) 


Zz 
Zeus (Pesco Products Div., 
Corp.) | 
875 Compact (Wilson's of Cleveland) 
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Columbia Bilectric Mfg. Cu. 





Types of electric motors manufactured by companies appearing in 


this listing are classified into four categories identified by boldface code 


numbers: 


- General Purpose Motors, Fractional 
General Purpose Motors, Integral 
Definite Purpose Motors 
Special Motors and Motor Thermal Protectors 


K 


Air Marine Motors Inc., 369 Bayview Ave., 
Amityville, LL. LL, N. Y. G, 3, ® 
Airborne Accessories Corp., 1414 Chestnut 


. N. J. ® 
Alliance Mfg. Co., Lake Park Bivd., Alliance, 
Ohio (1, 3, 4) 
Allis-Chalmers Mfg. Co., 1126 8. 70th &t., 
Milwaukee, Wis. (2, 3, 4) 
Louis Allis Co., 427 E. Stewart St., Milwaukee 


Arma 
Div., 3664 Main St., Springfield 7, 


American Electronic Inc., Instrument Div., 
9503 W. Jefferson Bivd., Culver City, Calif. 


(4) 

American Electronics Inc., Electro-Mechanical 
Diy., 1596 EB. Ross Ave., Fullerton, Calif. 
(1, 2, 3, 4) 

Amglo Corp., 4333 N. Ravenswood Ave., Chi- 
cago 13, Ill. (4) 

Ashland Electric Products Bae, 32-02 Queens 
Bivd., Queens, L. I. ¥. a, 3, 4 

Automation Development t Culver City, 
Calif. (4) 


Baldor Electric Co., Motor Div., 4353 Duncan 
Ave., St. Louis, Mo. (1, 2, 3, 4) 

Barber-Colman Co. Small Motor Div., 1300 
Rock 8t., Rockford, Th. (1, 3, 4) 

Beckman Instruments Inc., Helipot Div., 2500 
Fullerton Rd., Fullerton, Calif. (4) 

The Bendix Corp., Montrose Div., South Mont- 
rose, Pa. (1, 4) 

Biack & Decker Mfg. Co., 
(1, 2) 

Bodine Electric Co., 2500 Bradley Place, Chi- 
S 18, Tl. & 4) 

R. Boehm Co., 58 Brooklyn Ave., Merrick, 
nN ¥. a, 4) 

Borg Equipment Div., Amphenol-Borg Elec- 
tronics Corp., 120 8. Main St., Janesville, 
Wis. (4) 

Borg Instruments, Div. of Amphenol-Borg 
Electronic Corp., 902 Wisconsin St., Dela- 


Towson 4, Md. 


van, Wis. (4) 

Bowmar Instrument Corp., 8000 Bluffton Rd., 
Ft. Wayne, Ind. (1, 4) 

es & Co. Inc., 670 Milton Rd., Rye, 

. ¥. () 

Brevel Products Corp., 601 W. 26th St., New 
York 1, N. ¥. (1, 4) 

Bristol Motors Div., Vocaline Co. of America 
Inc., 108 Coulter St., Old Saybrook, Conn. 


, 3302-04 W. Peterson Ave., 


P. O. Box 989, 
Dayton 1, Ohio (1, 2, 3, 4) 


Cc 


C & H Sales Co., 2176 E. Colorado S&t., 
Pasadena &, Calif. (4) 
Cabral Motors Inc., Dalmotor Div., 51 Victory 
Los Gatos, Calif. (4) 
Caleo Mfg. Co., 205 Rd., Addison, Ii. 


a, a a 4) 

Carter Motor Co., 2711 W. George St., Chicago 
18, Tl. fhe 2, 3, 4) 

Cedar iv b 


ta Corp., 
aaee Ww. 36th st... hy 14, Minn. (“@ 
Century Electric Co., 1806 Pine 8t., St. Louis 
86, Mo. (1, 2, 3, 4) 
. 8 Juniper St., San Gabriel, 


Products Co. Tne., 5060 State 
Rd.. Dremel Hill, Pa. (4) 
$513 Hamilton 


ve., Cleveland 14, Oalo <3) 


Continental _—- Co., 325 Ferry £t., New- 
ark 5, N. J. (1,2 4) 
Cramer Div., Giannini Controls Corp., Cen- 


terbrook, Conn. (1, 4) 
Curtiss-W! t Corp., Electronic Div., Com- 
ponents , 35 Market St., Bast Pater- 


. 
Cutler-Hammer Inc., 315 N. 12th S8t., Mil- 
wakee 1, Wis. (4) 


Dale Blectronics Inc., Box 488, Columbus, 
Nebr. (4) 
Inc., Transcoil Div., Worcester, Pa. 


ai, 4) 

De Laval Holroyd Co. Inc., 121 First Ave., 
Trenton 7, N. J. (4) 

Doerr Electric Corp., 510 N. Fourth St., Cedar- 
burg, Wis. dl, 2, 3, 4) 

Dumore Co., 1300 i7th St., Racine, Wis. 
qi, 2, 3) 


Eastern Air Devices Inc., 385 Central Ave., 
Dover, N. H. (3, 4) 

Thomas A. Edison Industries, McGraw Edison 
Co., Instrument Div., 51 Lakeside Ave., West 


General Corp., 517 W. 
Walnut, Oglesby, Ill. (1, 3, 4) 

El Products Corp., P. O. Box 41, New York 
63, N. ¥. (4) 

Blectra Motors Inc., 1110 N. Lemon S8t., An- 
aheim, Calif. (1, 2, 3, 4) 

Blectric Indicator Co. Inc., Camp Ave., Stam- 
ford, Conn. (1, 4) 

Electric Machinery Mfg. Co., 800 Central Ave., 
Minneapolis 13, Minn. (2) 

Electric Motors & Specialties Inc, King & 
Hamshen Sts., Garrett, Ind. (1, 3) 

Electric Specialty Co., 211 South 8St., Stamford, 
Conn. (4) 

Electric Tachometer Corp., 68th & Upland 8t., 
Philadelphia, Pa. (4) 

Electro Counter & Motor Co., 2717 N. Ashland 
Ave., Chicago 14, Ill. (1, 4) 

EBlectromechanical Specialties Co. Inc., Whit- 
tier, Calif. (4) 

Electronic Communications Inc., 1501 72nd 
St. N. St. Petersburg 10, Fila. (4) 

Electronic Specialty Co., Eemco Div., 4612 W. 
an a Bivd., Los Angeles 16, Calif. 
(1, 4) 

“a a Div. of Carrier Corp., Jeanette, Pa. 
(2, 

The Emerson Electric Mfg. Co., 8100 Florissant 


mts Inc., 1410 E. 289th St., 
Wickliffe, Ohio (1, 3, 4) 


F 


Fairbanks, Morse & Co., 303 N. Henderson, 
Freeport, Ill. (1, 2, 3, 4) 

Farnham Electronics, Div. of Wiesner Rapp 
Co. Ine., 1300 Seneca St., Buffalo, N. Y. (4) 

Fasco Industries Ine. c., 255 N. Union 8t., 
Rochester 2, N. Y¥. (1, 3, 4) 

Fidelity Instrument Co., 1000 E. Boundary 
Ave., York, Pa. (3, 4) 

Ford Electronics Corp., 11747 Vose St., North 


: trie Co. Inc., 400 E. & 8t., 
‘Bluffton, Ind. (1, 2, 3, 4) _ 


G 


Gap Instrument Corp., 
Freeport, N. ¥. (4) 


116 E. Merrick Rd., 


Macuine Desicn—Tue Execrric Moror Boor 


General Controls Co., Industrial Div., 801 Allen 
Ave., Glendale 1, Calif. (1, 3, 4) 
General Dynamics/Electro Dynamic, 163 Ave 


General Electric Co., Appliance Motor Dept., 
Morrison, Ill. (3) 
1635 Broadway, Ft 


ic Co., 
Wayne, Ind. (4) 

General Electric eral Purpose Motor 
Dept., Ft. Wayne, Ind. (1, 3, 4) 

General Electric Co., Small Integral Motor 
Dept., Ft. Wayne, Ind. (2, 3, 4) 

General Electric Co., Specialty Motor Dept., 


‘erme 
570 E. 16th 8t., Holland, Mich. (3) 
General Electric Co., Gear Motor & 


Generator Schenectady, 

General Electric Co., Small AC Mot or & Gen- 
erator Dept., Schenectady, N. Y. BD 

General Electric Co., Direct Current Motor & 
ana Dept., 3001 E. Lake Rd., Erie, Pa. 
(2, 3, 4) 

The General Industries Co., Olive & Taylor 

Deleo Products 
329 E. First St., Dayton 1, Ohio (1, 2, ey fy) 

General Motors Corp., Delco Appliance Div., 
391 Lyell Ave., Rochester, N. Y. (3, 4) 

General Time Corp., Haydon Div., 245 E. Eim 
St., Torrington, Conn. (4) 

Genisco Inc., 2233 Federal Ave., Los Angeles 
64, Calif. (1, 3, 4) 

Georator Corp., 315 Tudor Lane, Manassas, 
Va. (1, 2, 3) 

Paul E. Gerst & Co. Inc., 4868 N. Clark &t., 
Chicago 40, Ill. (1, 2, 3, 4) 

Controls Corp., 1600 8S. Mountain 

A Duarte, Calif. (4) 

G. M. Giannini & Co. Inc., 918 E. Green &t., 
Pasadena 1, Calif. (4) 

Giannini Corp., Cramer Div., Centerbrook, 


Conn. (4) 
Gleason-Avery Inc., 29 Clark St., Auburn, N. 


Y. 
Globe Industries Inc., P. O. Box 101, North 
Dayton Station, Dayton 4, Ohio (1, 4) 


Hagen Mfg. Co., Div. of The Gamewell Co. 
104 Walnut St., Baraboo, Wis. (1) 
Hansen Mfg. Co. Inc., 1934 Virgil 
10, Ind. (1, 2, 4) 
Controls Inc., Westtown Rd. at 
West Chester Pike, West Chester, Pa. (4) 
A. W. Haydon Co., 232 N. Elm St., Waterbury 
4, Conn. (4) 
The Haydon Instrument Co., 17 Brown &t., 


ce 685 Lawrence St., Lowell, 
Gerald K. we ae O. Box 4426, Las 
Vegas, Nev. (1, 4 
Hobbs Mfg. Co., 26 Salisbury St., Worcester 
5, Mass. (4) 

oltzer 125 Amory &t., Boston 


Cabot Corp., 
19, Mass. (1, 2, 3, 4) 
Hoover Electric Co., 2100 S. Stoner Ave., Los 
Angeles 25, Calif. (1, 2, 3, 4) 
Howard Industries Inc., Racine, Wis. a, 3, 
Howell Electric Motors Co, N. Roosevelt, 
Howell, Mich. (1, 2, 3, 4)" 
Hupp Electronics Co., Civ. of Hupp Corp. 
748 Cucle Ave, Forest. Park, I mt, 3, 
& Mfg. Co., RFD 46, Princeton, 


Aire Co., Div of Crane Co., 
Winona Ave., Burbank, Calif. (4) 
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IMC Magnetics Corp., Western Div., 6058 
Walker Ave., Maywood, Calif. (4) 

IMC Magnetics Corp., Eastwn Div., 570 Main 
St., Westbury, N. Y. (1, 3, 4) 

Ideal Electric & Mfg. Co., BE. First & Oak Sts., 
Mansfield, Ohio (1, 2) 

Imperial Electric Co., Akron 4, Ohio (2, 3, 4) 

The Ingraham Co., Industriai Products, 392 N. 
Main S&t., Bristol, Conn. (1, 3, 4) 

Inland Motor Corp. of "virgin, 347 King 8t.. 
Northampton, Mass. (4) 

Insco Co., Div. Barry Wright Corp., Main 8t.. 
Groton, Mass. (4) 

International Register Co., 2620 W. Washing- 
ton Bivd., Chicago 12, Ti. (4) 


J 


JEM Electronics Corp., 743 Circle Ave., Forest 
Park, Ill. (1, 3, 4) 

Bill Jack Scientific Instrument Co., 143 S. 
Cedros St., Solana Beach, Calif. (3, 4) 

Jack & Heintz, Div. of The Siegler Corp., 17627 
Broadway, Cleveland, Ohio (1, 2, 3, 4 


Janette Div., Holtzer Cabot Corp.. 125 Amory 
St.. Boston 19, Mass. 
K 
Kolisman Motor Corp., Mill St., Dublin, Pa. 
(4) 
L 


L & R Mfg. Co., 577 Elm S8t., Arlington, N. J. 
1) 


Lake City Inc., Crystal Lake, Ill. (4) 

Lamb Electric Co., Div. of American Machine 
& Metals Inc., Lake St., Kent, Ohio (1, 3, 4) 

Land-Air Inc., Subsidiary of California Eastern 
Aviation Inc., 7444 W. Wilson, Chicago 31, 


Electro-Mechanical Div., 110 Ionia 
Ave. N. W., Grand Rapids 2, Mich. (4) 


Lear Inc., Lear-Romec Div., 241 Abbe Rd., 
Elyria, Ohio (4) 
— Inc., 123 Webster St., Dayton 2, Ohio 
) 


( 

Leece-Neville Co., 5109 Hamilton Ave., Cleve- 
land 14, Ohio (1, 3, 4) 

Licon Div., Illinois Tool Works, Chicago, Il. 


(4) 

Lima Electric Motor Co., 
Lima, Ohio (1, 2, 3, 4) 
The Lincoln Electric Co., 
Cleveland 17, Ohio (2) 
Lundy Mfg. Corp., Robert Lane, Glen Head, 

N. Y. (i, 4) 


4886 Findlay Rd., 
22801 St. Clair, 


M 

ay yt Corp., 542 Fourth S8t., 
, . 4 

Marathon Electric Mfg. Corp., Randolph & 
Cherry Sts., Wausau, Wis. (1, 2, 3, 4) 

Marco Electric Mfg. Corp., Third & Franklin 
Sts., Womelsdorf, Pa. (3) 

Martronics Ine., 82 Sanford St., 
Conn. (1, 3, 4) 

Master Appliance M‘g. Co., Bridge & Ontario 
Sts., Racine, Wis. (1) 

McLean Syetesyne Corp., West Hurley, N. ‘. 
, . ) 

Merkle-Korff Gear be 
Chicago 7, Ill. (1, 

Metals & Controls —. Div. of Texas Instru- 
— Inc., 34 Forest St., Attleboro, Mass. 

Midwest Molding & Mfg. Co., Gurnee, Ill. (3) 

Minneapolis-Honeywell Regulator Co., Brown 

Instruments Div., Wayne & Windrim Aves... 

Philadelphia 44, Pa. (4) 


Racine, Wis. 


Hamden 14, 


213 N. Morgan St 


Molon Motor & Coil Corp., 3737 Industrial 
Ave., Rolling Meadows, Ill. (1, 4) 

Motordyne Inc., 2221 Barry Ave., Los Angeles 
64, Calif. (4) 

Motor Specialty Co., 2801 17 Lathrop Ave., 
Racine, Wis. (1, 3, 4) 

The Motoresearch Mfg. Co., 1600 Junction 


) 
Muirhead Instruments Inc., ‘41 Lexington Ave., 
New York 17, N. Y. (4) 


N 


Norden Div., United Aircraft Corp., Norwalk, 
Conn. (1, 4) 

Northwestern Electric Co., 1750 N. Spring- 
field Ave., Chicago, Ill. (1, 2, 4) 


P 


Pace Controls Inc., 661 Highland Ave., Need- 
ham Heights, Mass. 4) 

Paragon Electric Co., 1600 12th St., Two 
Rivers, Wis. (4) 

Peerless Electric Co., 1401 W. Market S8t., 
Warren, Ohio (1, 2, 3, 4) 

Pesco Products Div., Borg-Warner Corp., 24700 
N. Miles Rd., Bedford, Ohio (3, 4) 

Photocircuits Corp., 33 Sea Cliff Ave., Glen 
Cove, N. Y. (4) 

Piqua Machine & Mfg. Co., 
Ave., Piqua, Ohio (3) 

Pittman Electrical Development Co.. P. VU. Box 
150, Sellersville, Pa. (1 

Pope Machinery Corp., 
hill, Mass. (3) 


441 8S. College 


261 River St., Haver- 


R 
Rae Motor Corp., Box 518, McHenry, IIl. 
(1, 3, 4) 
Redmond Co., Monroe St., Owosso, Mich. 
(i, 3, 4) 


Reed & Reese Inc., 717 N. Lake Ave., Pasa- 
dena, Calif. (4) 

Reeves Hoffman Div., 
Carlisle, Pa. (3) 

Reflectone Electronics Inc., Subsidiary of Uni- 
versal Match Corp., W. Main St., Stamford, 
Conn. (1, 4) 

Reliance Electric & Engineering Co., 24701 
Euclid Ave., Cleveland 17, Ohio (1, 2, 3, 4) 

Reliance Instrument Div., Electro-Mech Corp., 
Subsidiary of American Chain & Cable, 500 
Livingston St., Norwood, N. J. (3, 4) 

Reuland Electric Co., 3001 W. Mission Rd., Al- 
hambra, Calif. (1, 2, 3, 4) 

Reynolds Electric Co., 3000 River Rd., River 
Grove, Ill. (1) 

Robbins & Myers Inc., 1345 Lagonda /ve., 
Springfield, Ohio (1, 2, 3, 4 

Robbins & Myers Inc., Hunter Div., 2500 Frisco, 
Memphis, Tenn.(1, 3) 

Robertshaw-Fulton Controls Co., Acro Div., 
2040 E. Main S8t., Columbus 16, Ohio (1, 4) 

Rotating Components Inc., 1560 Fifth Ave., 
Bay Shore, L. I., N. Y¥. (1, 3, 4) 

Rotron Mfg. Co., 79 Schoonmaker Lane. Wood- 
etock, N. Y. (3, 4) 


Cherry & North Sts., 


Ss 


Safety Electricai Equipment Corp., 1187 ‘-ixz- 
well Ave., New Haven, Conn. (2, 3, 4) 

Sangamo Electric Co., llth & N. Grand Ave., 
Springfield, Ill. (1, 4) 

Schaevitz Engineering, P. O. Box 505, Cam- 
den 1, N. J. (1, 3, 4) 

Servo Tek Products Co. Inc., 1086 Goffle Rd., 
Hawthorne, N. J. (1, 2, 3, 4) 

rig Corp., Main St., Somersworth, 
N . 





Servomechanisms Inc., Mechatrol Div., 1200 
Prospect Ave., Westbury, L. I., N. Y. (4) 


“Siemon Mfg. Co., P. O. Box 275, Wayne, Ill. 
(4) 

Sigma Instruments Inc., 170 Pearl St., South 
Braintree 85, Mass. (4) 

Small Motor Div., Westinghouse Electric Corp., 
Lima, Ohio (1, 3, 4) 

Small Motors Inc., 2074 Elston Ave., Chica- 
go 14, Ill. (1, 3, 4) 

A. O. Smith Corp., 531 N. Fourth 8t., Tipp 
City, Ohio (1, 2, 3, 4) 

A. O. Smith Corp., Motor Div., 3533 N. 27th 
St., Milwaukee 1, Wis. (1, 2, 3) 

Speedway Mfg. Co., Subsidiary Thor Power 
Tool Co., 1421 Barnsdale Rd., LaGrange 
Park, Ill. (1, 4) 

Sperry Electro Devices Laboratory, Sperry 
Gyroscope Co., Div. of Sperry Rand Corp., 
55 Denton Ave. S., New Hyde Park, N. Y. 


(4) 
Standard Electric Div., Standard -’“Y Corp., 
Box 1001, Dayton, Ohio (1, 2, 3, 4) 
Standard Electric Mfg. Co., Hoddon Ave., West 
Berlin, N. J. (1, 2, 3, 4) 

Stator Electric Corp., 22-14 40th Ave., Long 
Island 1, N. Y. (3) 
Stearns Electric Corp., 
waukee 2, Wis. (4) 
Sterling Electric Motors Inc., Subsidiary of 
Hathaway Instruments Inc., 5401 ph 
Rd., Los Angeles 22, Calif. (1, 2, 3, 4) 
Superior Electric Co., 83 Laurel St., Bristol, 

Conn. (4) 


120 N. Broadway, Mil- 


T 


The Talley Corp., 101 Highway & Conejo Rd., 
Newbury Park, Calif. (4) 

Toledo Commutator Co., 1101 8S. Chestnut 8t., 
Owosso, Mich. (3) 

Transco Products Inc., 12210 Nebraska Ave., 
Los Angeles 25, Calif. (1, 3, 4) 

W. R. Turner & Co., 4831 W. Jefferson Bivd., 
Los Angeles 16, Calif. (1, 4) 


U 


U. S. Electrical Motors Inc., 200 E. Slauson 
Ave., Los Angeles 54, Calif. (1, 2, 3, 4) 
Universal Electric Co., Owosso, Mich. (1, 3, 4) 
Uppco Inc., 900 S. Desplaines St., Chicago 7, 

Ti. a, 3, 4) 


Vv 


Valley Electric Corp., 4221 Forest Park Bivd., 
St. Louis 8, Mo. (2, 3, 4) 


Ww 


Wagner Electric Corp., 6400 Plymouth Ave., 
St. Louis 33, Mo. (1, 2, 3, 4) 

B. A. Wesche Electric Co., 9027 Shell Rd., 
Cincinnati 36, Ohio (4) 

Western Design, Div of U. 8. Industries 
Inc., Santa Barbara Airport, Galet, Calif. 
(3, 2, 3, 4) 

Western Gear Corp., Electro Products Div., 
132 W. Colorado St., Pasadena 1, Calif. (4) 

Westinghouse Electric Corp. . Motor & Gearing, 
Buffalo, N. Y. (2, 3, 4 

Westinghouse Electric Corp., 
Center, PittSburgh 30, Pa. (2, 3, 4) 

The “’hitnon Mfg. Co., Route 6 & I ew Britain 
Ave., Farmington, Conn. (3) 

Wilson’s of Cleve‘asd, P. O. Box 8995, 5502 
N. W. 16th St., Port Lauderdale, Fila. (4) 
Winchorger “orp., E. Seventh & Division 8ts., 

Siowx City z, Iowa (1, 2, 3, 4) 

Wright Machinery Co. Div. of Sperry Rand 
Corp Calvin & Holloway Sts., Durham. 
N. C. (4) 
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